Chapter 13: Memory awareness in
rhesus monkeys (Macaca mulatta)

Robert R. Hampton

Two Types of Memory

Human beings have at least two types of memories: explicit or declarative
memories that are accompanied by conscious awareness and implicit memories
that unconsciously influence behavior (e.g. Squire, Knowlton, & Musen, 1993;
Squire & Zola-Morgan, 1991; Tulving & Schacter, 1990). The existence of
these two types of memory has been demonstrated by both the independence
of the two types of memory, as observed in behavioural studies, and by the
dependence of explicit memory on the temporal lobe in humans. In humans,
implicit memory is often inferred when subjects state that they do not remember
target information, yet perform better than expected by chance when forced to
guess. Such a pattern indicates that they do possess a memory of which they
are unaware. Unfortunately for students of nonhuman cognition, the same
procedures used with humans to discriminate between explicit and implicit
memory have proven to be difficult or impossible to apply with non-verbal
species.

A classic demonstration of the independence of implicit and explicit
memory is that of skill learning by the patient H. M. Across repeated training
episodes, H. M. will deny having practised a given skill before (and indeed
will fail to recognize the test room, the experimenter and the apparatus). Yet,
his performance improves at a rate that approximates that of a mentally intact
human (Gabrieli, Corkin, Mickel, & Growdon, 1993). The cognition of H.
M. is truly remarkable because, although he verbally denies remembering,
his performance reveals that he has nonetheless retained information. Most
studies of nonhumans provide no means comparable to human verbal behaviour
through which subjects can deny or confirm the presence of knowledge
independently from performance (Smith, Shields, & Washburn, 2003;
Weiskrantz, 2001). Thus, behaviours ranging from birds finding hidden seeds to
monkeys recognizing which of several objects they have recently seen readily
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demonstrate that nonhumans do indeed have memories. However, it has proven
more difficult to determine what types of memories nonhuman species possess
and whether they are capable of being aware of their own memories.

Due to the difficulty in developing procedures to discriminate between
implicit and explicit memory in nonhuman animals, tests of the existence or
absence of both types of memory in nonhumans have been few in number.
Consequently, while some authors have concluded that it is unlikely that
nonhumans possess explicit memories (Tulving & Markowitsch, 1994), many
others are resigned to an agnostic stance on the issue (e.g. Shettleworth, 1998).
This chapter describes two recently developed behavioural techniques that
aimed to provide direct tests for explicit memory in nonverbal species. It will
be argued that making the distinction between implicit and explicit memory
need not depend on language. Whereas verbal reports, such as ‘I remember’,
‘I forgot” and ‘I am guessing’, provide a convenient window through which
human explicit memory can be observed, explicit memory does not merely
enable verbal reports of the subjective experiences accompanying memory. It
plays a far more central role in behaviour and cognition. The focus on this role
may be sharpened if we divert our attention away from the phenomenology
or experience of explicit memory. One way to accomplish this is to examine
the function of explicit memory and how this function results in the explicit
memory phenotype via natural selection. Specifying the function of explicit
memory permits the formulation of hypotheses pertaining to behavioural
capacities that are uniquely available to animals with explicit memory. In
brief, it is necessary to specify those abilities possessed by an animal with
explicit memory, which are not possessed by one without it. Procedures can
then be developed to detect these target abilities. Once such procedures are
developed, they could also be applied to studies on humans, thereby enabling
direct comparisons between humans and nonhumans.

The principal hypothesis of this chapter is that explicit memory facilitates the
monitoring of the availability of knowledge, thereby permitting adaptive choices
between behavioural options. Memory awareness enables discrimination
between knowing and not knowing. Consider the simple act of making a phone
call. Before calling a friend, humans typically try to consciously recall the phone
number. We dial the number immediately after having successfully retrieved it.
However, if we fail to recall the number, we would postpone making the phone
call for fear of dialing the wrong number. In such a situation, most people would
either avoid making the call altogether or would refer to a phonebook to retrieve
the number. Without memory awareness, such adaptive decision making would
not be possible. If the memory for the phone number were implicit, we would be
unable to discriminate between knowing and not knowing the number, similar
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to the manner in which H. M. is unable to discriminate between knowing and
not knowing a particular skill.

This chapter provides some evidence suggesting that rhesus monkeys make
decisions similar to those made in the example of a human making a phone
call. In at least two situations, monkeys are able to choose between behavioural
options based on the availability of knowledge. In the first situation, monkeys
selectively avoid memory tests when they do not remember knowledge required
to perform accurately. In the second one, monkeys act immediately when they
possess the required information, but pause to seek more information when the
required knowledge is lacking. In both these situations, monkeys appear to be
capable of using memory awareness to judge their own knowledge states.

To Test or Not to Test: Can a Monkey Answer the Question?

Matching-to-sample procedures are frequently used to measure nonhuman
memory. Each test trial begins with the presentation of a sample stimulus, such
as a picture or an object, which the animal is required to remember across a
delay interval, usually lasting from a few seconds to some minutes. At the end
of the delay interval, subjects are presented with a group of stimuli, including
the sample stimulus presented at the beginning of the trial. If the subject selects
the sample stimulus at a rate that is higher than what would be expected from
mere guessing, we infer that the subject has retained some memory of the sample
stimulus over the delay period. Under these conditions, although it is clear that
the animal has a memory, there are no grounds for inferring that the animal is
aware of possessing the memory. It is possible that the performance of animals
in matching-to-sample tests is controlied by implicit memory similar to the intact
implicit memory in the patient H. M. In order to test for memory awareness, a
modification of the matching-to-sample procedure is required. In contrast with
the standard matching-to-sample procedure, wherein the animal has no choice
but to take the memory test, in this modified procedure, the animal may profit
by discriminating between trials on which it remembers the sample and trials
on which it has forgotten it.

A schematic of a matching-to-sample procedure with an additional test for
memory awareness is shown in Figure 1 (Hampton, 2001). At the beginning of
each trial, the monkeys viewed a centrally located image on a touch-sensitive
computer monitor (Figure 1, top panel). They touched the image, demonstrating
that they had viewed it. The screen was then blank for a delay period. At the
end of the delay period during initial training, the monkeys were immediately
presented with four images, each occupying one of the four corners of the
computer monitor (lower left panel). In order to receive a reward, the monkeys

!




Memory awareness in rhesus monkeys 285

Study
Sample

Delay
Interval

| |
1/3rd of Trials 2/3rds of Trials

Choose
or Decline
Test

Take Test
or Small
Reward

Preferred ]
Peanut Primate
If Correct Pellet

Figure 1.
Test of memory awareness. Each coloured panel represents what monkeys saw on a touch-sensitive
“omputer monitor at a given stage in a trial. At the start of each trial, subjects studied a randomly
selected image. A delay period followed, during which monkeys often forgot the studied image. On
~wo-thirds of the trials, the monkeys chose between taking a memory test (right panel, left hand
stimulus) and declining the test (right panel, right hand stimulus). On one-third of the trials, the
nonkeys were forced to take the test (left panel). Better accuracy on chosen memory tests than on
-orced tests indicates that monkeys know when they remember and decline tests when they have

“orgotten, if given the option.

nad to touch the image that was identical to the one viewed at the beginning
of the trial. Before proceding to the critical test sessions, the task was made
difficult by increasing the delay period to a point at which the monkeys often
made mistakes. Thus, on some trials they remembered the sample, while on
others, they had forgotten it.
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In order to test for memory awareness, the monkeys were given the choi
between taking the memory test and receiving a favoured reward for co
responses (but nothing for incorrect responses) or declining the test and receivi
a less desirable, but guaranteed reward (middle panels). This choice ph
occurred at the end of the delay on each trial, but before the monkey saw
test array. Faced with these contingencies, a monkey could maximize rew:
by choosing to take the memory tests only when memory for the studied im
was good, and avoiding the memory test (settling for the lesser, but guarant
reward) when memory was relatively poor.

Two monkeys (Shepard and Gagarin) were tested on matching-to-sample
with four new images used each day. On each trial, one of the four images was
randomly selected to serve as the sample for that trial; the other three imag
served as distracters, yielding a chance rate of 25%. Initially, the monkeys were
given only the primary matching task, without the secondary choice phase
which they could decline memory tests. The delay over which the monkeys
were required to remember the sample on each trial was gradually increased
until they made errors on approximately 35% of trials. Under these conditions,
it was certain that the monkeys would experience a substantial number of trials
on which they forgot the identity of the sample. Shepard was tested after a delay
of 34 s and Gagarin after a delay of 38 s.

The choice phase stimuli were then incorporated into the testing. At the end
of the delay period on each trial, one of two stimulus arrays was presented. On
one-third of the trials, the array consisted of the stimulus associated with taking
the memory test. On these forced-test trials, monkeys were required to touch
this stimulus in order to proceed to the memory test. During the test, correct
responses were rewarded with highly desirable peanuts, while a distinctively
coloured error screen and no reward followed incorrect choices. These trials
were therefore almost identical to the normal matching-to-sample trials, except
that the monkeys had to touch the stimulus associated with the tests before
proceeding to the test. On the remaining two-thirds of the trials, the monkeys
were given a choice between taking the test and declining it. If they selected
the stimulus associated with taking the memory test, the trial proceeded as
described ecarlier. If they selected the stimulus associated with avoiding the
memory test, a final response screen was displayed. After they touched the image
on this screen, which was unrelated to the other test images and was presented
in a location not used for other images, the monkeys were rewarded with less
desirable primate pellets.

If monkeys can accurately assess whether or not they remember the studied
image, they should choose to take the test when they remember and avoid the
test on trials in which the studied image is forgotten. Reliable discrimination
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Figure 2.

Accuracy on freely chosen tests and forced tests. The dark bars represent the accuracy on tests
that the monkeys chose to take. Cross-hatched bars represent performance on trials in which the
monkeys were not given the choice of declining tests. Scores for the two monkeys are the means
of 10 daily sessions. Error bars are standard errors. Subjects would be correct 25% of the time if
they were guessing.

between trials on which memory was good and those on which memory was
poor should result in more accurate performance on trials the monkeys chose to
take as compared to those they were forced to take. Both monkeys were more
accurate on chosen rather than forced memory tests (Figure 2; paired t-tests:
Shepard, t = 3.91, p <.01; Gagarin, t,= 4.51, p <.01). However, accuracy on
these tests does not directly reflect the accuracy expected on trials in which the
monkeys declined the memory test. Memory was not tested on trials after the
monkeys had chosen to decline the test, although this might provide a direct
measure of memory, for the following reasons. First, any reasonably large
number of probe tests in which the monkeys were forced to take a memory test
although they had declined to do so would undermine the contingencies of the
experiment. It is by virtue of these contingencies that the monkeys learnt the
significance of taking and declining the memory tests. Second, the monkeys
expect a small, reliable reward after declining the test. If they were forced to
take the test instead, they would most likely be surprised and possibly frustrated
by the unexpected change. Surprise or frustration could disrupt performance
and impair accuracy thereby providing a plausible alternative explanation for a
decrement in performance on such trials. Therefore, it is preferable to rely on
a less direct measure.

Fortunately, the data required to infer the expected accuracy on trials in
which the monkey apparently forgot and thus declined the test are available.
Accuracy on forced tests is a weighted average of accuracy on tests that the
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subjects would have declined when given the choice, and tests that they would
have freely chosen to take irrespective of other factors. The expected accuracy
on declined trials is substantially lower than this weighted average. Accuracy
on freely chosen tests is known, as is the proportion of tests taken and declined
on free choice trials; thus, the expected accuracy on trials in which the monkeys
declined the memory test can be determined. Using the proportions of tests that
the monkeys declined when given the opportunity (Shepard, 0.51; Gagarin,
0.36) and the accuracies shown in Figure 2, the expected accuracies on the
trials monkeys declined were determined to be 58.1% and 46.8%, as compared
with 85% and 87% on chosen trials, respectively. The accuracy of memory
on trials declined by the monkeys is therefore substantially lower than it is on
other trials, and monkeys experience a substantial increase in reward rate by
avoiding these tests.

Competing Explanations

The relevance of these findings to memory awareness depends on the
determination of the discriminative stimulus used by monkeys to guide their
choice to take or decline tests on other trials. The working hypothesis is that
awareness of the memory serves as the discriminative stimulus. In order to
evaluate this hypothesis, it is critical to determine whether there is some
discriminative stimulus other than the absence of memory per se that controls
the choice to decline memory tests. There are many such candidate alternatives.
Events that might occur during the delay interval, such as noises, bouts of
grooming or changes in motivation, could possibly distract the monkeys or
disturb their memory processes, thereby resulting in forgetting. These events
themselves could therefore cue monkeys to decline tests and yield a false
impression that the monkeys attended to their own memory states. To eliminate
the possibility that monkeys’ decisions to decline tests were controlled by such
external cues, monkeys were presented with infrequent, randomly distributed
probe trials. These unpredictable probe trials were identical in every way to
normal trials, except for the fact that no image was presented for study during
the sample phase of the trial. When the absence of memory was experimentally
controlled in this manner, an a priori prediction of which tests that the monkeys
would decline was possible. After an inter-trial interval and a delay period
equivalent to that in normal trials, animals were given the choice of declining
or taking a memory test, just as they would on normal trials. If the absence
of memory leads the monkeys to decline tests, they should decline tests on
these no-sample probe trials, considering them to be like trials on which they
have forgotten the studied image. If, however, the decision to decline tests is
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controlled by some environmental or behavioural event, the subjects should
decline normal and probe trials with equal probability because such events
are evenly distributed among the randomly intermixed normal trials and the
no-sample probe trials. In six test sessions with no-sample probe trials, both
monkeys were far more likely to decline tests if no image was presented
for study than they were on normal trials (Figure 3; Shepard: ¢, = 24.34, p <
.01; Gagarin: ¢,= 10.19, p < .01). Shepard declined the memory test on 49%
of the normal trials and on 100% of the probe trials where no sample was
presented. Gagarin declined 18% of the normal trials and 63% of the probe
trials. These results, following the experimental manipulation of memory,
provide compelling support for the hypothesis that the choice to decline tests
was based on the absence of memory per se, and not any external event that
was correlated with forgetting.

Nonetheless, monkeys could have gradually learnt to make the decision to
decline tests on the basis of some distinguishing feature of probe trials rather
than on the absence of a memory per se. The first session of probe trials was
therefore analyzed separately. Both the monkeys declined probe tests from the
first session of testing (Figure 3, inset values in bar graphs; Shepard: y(1, N
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Figure 3.

Probability of declining tests on normal trials and on probe trials without the opportunity to
study an image. Dark bars indicate the proportion of normal trials on which monkeys declined
tests; the cross-hatched bars represent this proportion on probe trials. Error bars are standard
errors. Inset in each bar is the percentage of each test type declined only in the first session of
testing. These results indicate that it is the absence of a memory that causes the monkeys to
decline tests. If some factor other than the absence of memory per se, such as distracting noises,
variation in motivation or fatigue, controlled the decision to decline tests, normal and probe
trials would be affected equally.
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= 66)= 7.66, p < .01; Gagarin: (1, N = 69) = 7.88, p < .01), indicating that
learning did not occur after the onset of probe trials. Additionally, Shepard
declined every probe trial presented, and could never have learnt the negative
consequences of choosing a memory test on such trials. Therefore, the high
probability with which the monkeys declined the no-sample probe trials reflects
spontaneous generalization on the part of the monkeys from the trials on which
the sample was forgotten to these probes trials (i.e. the monkeys considered the
two trials as being equivalent). Another candidate alternative explanation is
that monkeys might have used delay or a correlate of delay as a cue to decline
tests. In these experiments, the computer controlled when the monkey could
first respond, but after this point, the monkey could respond at any time. On
some trials, the monkeys may complete the choice phase promptly, and at other
times, they may do so slowly. Performance deteriorates as the delay before the
memory test increases. Therefore, theoretically, it is possible that the monkeys
produced the observed pattern of results by choosing to take the memory test
when they completed the choice phase promptly and choosing to avoid the test
when this phase was completed slowly. Indeed, the monkeys responded a little
more quickly when choosing to take the test than they did when choosing to
decline the test (Shepard mean difference = 0.29 s, 7, = 2.09, p < .10; Gagarin
mean difference = 0.46 s, ¢, = 3.7, p < .01). However, these differences in
response times of Shepard and Gagarin are only a fraction of a second and are
added to mean delays of approximately 36 and 40 s respectively. Such small
differences in delay intervals cannot explain the difference in performance
between freely chosen and forced memory tests. Instead, it is more likely that
this small difference in latency to complete the choice phase is reflective of a
slightly longer decision process preceding the decision to avoid the memory test.
Apparently, when the monkeys were confident of remembering, they quickly
and confidently decided to take the test. However, when they were less certain,
they took slightly longer to arrive at a decision. This difference may reflect a
memory search conducted when the monkeys were choosing to take or decline
the memory test. On trials in which a memorized item is recalled, the search was
terminated and the monkeys chose to take the test. On trials in which the sample
was forgotten, the search continued for a while without a memory being located.
Eventually, the memory search was terminated and the monkey declined the
test. Longer latencies are associated with a failure to find the item in memory
(Briggs & Blaha, 1969; see Van Zandt & Townsend, 1993, for a review).

An important feature of this procedure is that it requires a prospective
judgement of memory, that is, the monkeys had to decide whether to take or
decline the memory test before being presented with the test. A prospective
judgment addresses two issues. First, since the test stimuli are absent when the































