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Can Rhesus Monkeys Discriminate
Between Remembering and Forgetting?

Robert R. Hampton

As I entered the study, I flipped the light switch and was startled by a loud
“pop!” and an electric flash. There was a loose connection that was shorting.
I was headed for the fuse box to remove the fuse when the phone rang. An-
other annoying telemarketer! I went upstairs and got a screwdriver. As I
began to remove the switch cover, I thought, “Did I remove the fuse?” I
could not bring to mind a memory of having done it, so I put down my
screwdriver and checked the fuse box. Sure enough, the fuse for the study
was still in place. I removed it before proceeding to open the switch and
tighten the loose wire.

A form of self-reflective cognition saved me from getting a shock.
Like most humans, I can tell the difference between knowing and not
knowing, or between remembering and forgetting. While we take
such memory awareness for granted, there is surprisingly little com-
pelling evidence that it exists in nonhuman species. The difficulties in
demonstrating memory awareness in nonhuman species stem from
the existence of unconscious memory in humans. In the absence of
awareness, humans show classical conditioning (Clark & Squire,
1998), word priming (Hamman & Squire, 1997; Tulving & Schacter,
1990), and learn new skills (Cohen, Eichenbaum, Deacedo, & Corkin,
1985; Knowlton, Ramus, & Squire, 1992; Knowlton & Squire, 1993).
Given that these behaviors can occur without awareness in humans,
isn’t it possible that unconscious, inaccessible forms of memory and
cognition can account for all nonhuman behavior? Indeed, it is rightly
argued that we do not need to invoke concepts like consciousness or
memory awareness to account for most, possibly all, of nonhuman
behavior (e.g., Shettleworth, 1998, pp. 5-10). In this chapter, I outline
a framework that makes tests for memory awareness in nonhumans
possible, and describe some of the few observations of nonhuman be-
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havior that are difficult to explain without reference to memory
awareness.

AN ASSUMPTION OF ADAPTATION

I assume that self-reflective cognition evolved by natural selection.
Most readers probably do not find this position radical. Some conclu-
sions that follow from this assumption may be more controversial, but
they suggest a way to make the problem of detecting self-reflective
cognition in nonhuman animals tractable. The central working hy-
pothesis of an evolutionary approach, and a point that distinguishes
it from many more philosophical approaches, is that self-reflection
is not epiphenomenal but is instead functional (Dennett, 1992). Self-
reflective cognition evolved because it enabled organisms to behave
overtly in adaptive ways that would not be possible without it. The
behaviors enabled by self-reflection were the basis on which natural
selection acted to increase the occurrence of self-reflection in subse-
quent generations. Self-reflection is therefore a mechanism that sup-
ports a set of potentially identifiable adaptive behaviors. Like other
cognitive mechanisms, it can be inferred from overt, nonverbal behav-
ior, without reference to private experience.

In studies of human cognition, it is convenient to ask subjects about
their experiences as they carry out cognitive tasks. To confirm the
occurrence of episodic memory, for example, subjects might be asked
whether memory was accompanied by the “experience of having been
there,” or whether they “remembered” or just “knew” the correct an-
swer (Tulving, 1985, 1993). But emphasizing these verbal reports of
private phenomenology is problematic for the wider effort of compar-
ative cognition. Defining cognitive systems in ways that depend on
verbal reports of private experience creates a rift between studies of
cognition in humans and nonhumans because such reports cannot be
obtained from nonhumans. Furthermore, the definition of phenomena
like episodic memory, declarative memory, and metacognition may
become so dependent on reported phenomenology that the most im-
portant feature of these cognitive mechanisms, their function, is ob-
scured. As a result, it can appear impossible, even in principle, to
demonstrate the existence of these cognitive phenomena in nonhu-
mans, simply for lack of verbal behavior.

I argue that verbal reports are not necessary to demonstrate self-
reflective cognition. It can be inferred instead from the nonverbal abil-
ities it confers on a human or nonhuman animal (see also Inman &
Shettleworth, 1999; Smith, Shields, Washburn, & Allendoerfer, 1998;
Weiskrantz, 2001). By treating self-reflection as a biological phenome-
non that resulted from the mechanistic action of natural selection, we
can define self-reflective cognition by what it accomplishes for an or-
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ganism, rather than by how it is experienced. Investigations of self-
reflective cognition in nonhumans can then focus on the same material
that natural selection acts on—overt behavior. If self-reflective cogni-
tion was naturally selected on the basis of overt behavior, then the
occurrence of self-reflection can be identified on the basis of those
same, or related, overt behaviors.

MENTAL CONTENTS AND BEHAVIORAL CAPABILITY

In over a century of scientific study of animal cognition, well-designed
experiments have allowed investigators to infer some of the contents
of animal information processing systems. Pigeons demonstrate that
they mentally represent specific rewards when they peck. When peck-
ing a response key associated with water reward, pigeons peck with
a “nibbling” motion like that used when drinking. In contrast, when
pecking a key associated with grain, they peck with the beak open, as
is done when actually pecking at grain (Jenkins & Moore, 1973). Rats
represent the durations of sounds and will appropriately press levers
associated with long and short sounds (Meck, 1983). Scrub jays repre-
sent which foods they have hidden, where they hid them, and even
when they did the hiding, demonstrated by their avoidance of the
locations of perishable foods stored long enough to have spoiled
(Clayton & Dickinson, 1999). In each of these cases, the animals be-
haved in a way that would not be possible had they not mentally
encoded the types of reward, the durations of the tones, and the loca-
tions of the foods. The observed behavior requires the inference of
mental representations of these particular features of events or stim-
uli. In other words, these experiments show that nonhuman animals,
in some sense, remember. The success of this behavioral approach, in
which the unobservable features of memory are logically inferred
from the observable properties of behavior, encourages emulation.

However, while these clever experiments do show that animals re-
member, there is nothing in these findings to indicate that the animals
were aware of having their memories the way that humans are aware
of many memories. The experiments provide no basis for discriminat-
ing between memories that are like human conscious declarative
memory and those that are unconscious or implicit. That is, they do
not demonstrate memory awareness. However, that does not mean
that other experiments could not provide relevant data. I argue that it
is possible to treat memory awareness as another feature of a memory,
like the type of reward, duration of a tone, or location of a seed. It
follows that observable behavior, if measured under appropriately
controlled conditions as in the preceding examples, can be sufficient
to demonstrate memory awareness in a nonverbal animal.
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A FUNCTIONAL DEFINITION OF MEMORY AWARENESS

The conceptual approach used to demonstrate memory in nonhuman
animals may be adapted to generate tests for memory awareness as
well. The presence of memory is inferred when a subject demonstrates
behavior that cannot be explained without reference to memory (see
Shettleworth, 1998). For example, a monkey might be presented with
an object overlaying a candy. It removes the object and eats the candy.
The object is then taken out of sight for a minute, after which the
monkey is presented with the object it just saw, plus another object.
In many trials, the monkey shows that it can select the rewarded ob-
ject and avoid the object that had not been paired with a candy. The
monkey can “match to sample,” correctly identifying a recently seen
object. In order for the monkey to do this, some representation, or
memory, of the object must persist in the brain after the object is re-
moved from view to later control behavior. Under similar circum-
stances, humans could not only respond correctly, but could also pre-
dict their ability to respond correctly. Thus, humans not only have
primary mental states of memory about events or objects in the world,
they also have secondary mental states about memories—for instance,
states indicating the presence or absence of memory. That is, we can
often know whether or not we know the correct answer. How could
a nonhuman animal demonstrate such a secondary mental state with-
out the use of language?

Conventionally, nonhuman memory is assessed in forced-choice
situations. In the case of our monkey looking for the candy, the re-
warded object and the distracter object are presented simultaneously,
and the monkey has to choose between them. If it is unsure, the mon-
key has to guess. A human confronting uncertainty in such a situation
might say he was uncertain, or state that he was guessing. But the
monkey is afforded no opportunity to do this in conventional tests of
memory (Inman & Shettleworth, 1999; Smith et al., 1998; Weiskrantz,
2001). We can accurately measure how well the monkey remembers,
but we have no measure of whether it knows it remembers, or is un-
certain. To get such a measure, we need to explicitly posit what mem-
ory awareness might afford an organism.

Memory awareness can make it possible to determine whether or
not the information required to successfully perform a particular task
is available. Consider the example of making a phone call to order
take-out food from a restaurant you have used several times. Before
starting, you would likely attempt to retrieve a memory of the num-
ber. If you successfully recall the number, you go ahead and dial. If
retrieval fails, you look up the number before dialing. Awareness of
the presence or absence of a memory of the number permits you to



276 The Missing Link in Cognition

choose appropriately between dialing immediately or looking up the
number. It should be noted, though, that awareness of the memory is
not the only way you could accurately determine whether or not to
look up the number. If you call every day to order food, you would
likely cease to check whether you know the number, and simply as-
sume that you do—not necessarily on the basis of memory awareness,
but rather on the basis of your knowledge that you have succeeded
many times in dialing correctly. Nonetheless, normal humans are in-
deed capable of making this sort of judgment on the basis of memory
awareness.

The alternatives to evaluating knowledge states through memory
awareness can be quite clumsy. Imagine being unable to introspect
about your memory of a phone number. You would either have to
look up the number every time you call, or use trial and error to
determine whether or not you remembered the correct number. In the
case of phone calls, this could be embarrassing. If you were unable to
determine whether or not you know how to rewire a fuse box, or need
to hire an electrician for the job, trial and error testing could have
more serious consequences. Humans can sometimes avoid putting
themselves in dangerous or futile situations through accurate self-
reflective assessments of knowledge.

One can imagine similar situations in which memory awareness
would be helpful to nonhuman animals. Consider a rabbit that detects
a fox in the field. It faces a choice between freezing, possibly avoiding
detection, or running for shelter. The ability to assess whether it
knows the location of a shelter would be helpful to the rabbit in mak-
ing an adaptive choice. If the rabbit knows of a shelter, nearby but
out of sight, running to it might be the best option. In contrast, making
itself conspicuous by dashing around the field at random searching
for shelter would be a bad choice. Thus the rabbit could adaptively
choose to freeze or run based on awareness, or lack of awareness, of
a memory for a nearby shelter. Of course, the fact that it would be
useful for a rabbit to have memory awareness does not mean that
rabbits have it. It would also be useful for the rabbit to sprout wings
and fly away from danger, yet rabbits do not fly. Nonetheless, think-
ing about how memory awareness would be useful suggests how to
design experiments to test for it. Speculation can then be replaced by
experimentation.

A SIMPLE MODEL

Awareness of the presence of memory can permit an animal to choose
adaptively between behavioral options when the success of one or
more of the options depends on remembered information, as when
the rabbit’s decision to run or freeze should be contingent on knowing
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of a good place to run toward. Humans can choose between dialing a
number and looking it up, first by assessing whether or not we re-
member the number. We can either choose to undertake a home repair
ourselves, or hire a professional, based on an assessment of our own
knowledge relevant to completion of the repair. Of course, in initially
testing for this ability in nonhuman animals, a simple situation and a
simple model are desirable. Such a simple model of memory aware-
ness is diagrammed in figure 11.1. A prerequisite for a metacognitive
or self-reflective system is a cognitive system in which stimuli in the
world are mentally represented. Modern cognitive theory posits that
mental representations link events outside the organism to behavior
emitted by the organism (Terrace, 1984). For example, without mental
representations of objects, the monkey in our earlier example could
not correctly choose the rewarded object. In figure 11.1, seeing the
stimulus object (S) causes a mental representation of the object (M) to
be formed. This representation persists after the object is removed
from sight and later guides the response (R). We can therefore infer
the existence of M because it makes a logically necessary link between
S and R.

Accepting the existence of M in figure 11.1 admits the possibility
of another, secondary or meta mental representation (m), as shown in
the lower part of figure 11.1. While M is a cognitive representation of
an object in the world, m is a metacognitive representation about M.

S—> M— R

!

m=-> 1

Figure 11.1 Measuring memory awareness
behaviorally. Viewing an object (S) causes
the formation of a mental representation,
or memory, of the object (M) that persists in
the brain even when the object is removed
from view. The memory later guides the re-
sponse (R} to the remembered object in a
memory test. In the same way that M is
about the object in the world, m is a sec-
ondary mental representation that is about
the memory M. A secondary response (r) is
required to infer the presence of m. A pro-
cedure for doing so is shown in figure 11.2.
See color insert.
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It is a thought about a thought (Nelson, 1996). To test for the existence
of m, an experimental situation must be created in which a second
response (r) allows us to infer the presence or absence of m, just as R
allows us to infer M.

THE EXPERIMENTS

A schematic of the experiment used to test for metacognitive repre-
sentation is shown in figure 11.2 (Hampton, 2001). Matching to sam- -
ple was the primary task, which requires first-order mental represen-
tations, such as M in figure 11.1. At the beginning of each trial,
monkeys saw a centrally located image on a touch-sensitive computer
monitor (figure 11.2, top panel). They touched the image, demonstrat-
ing that they had viewed it. The screen was then blank for a delay
period over which monkeys should remember the image. At the end
of the delay, monkeys were presented with four images, one occupy-
ing each of the four corners of the computer monitor (lower left
panel). In order to receive a reward, monkeys had to touch the image
that was identical to the one seen at the beginning of the trial. The
task was made difficult by increasing the delay to a point at which
the monkeys often made mistakes. Thus, on some trials they remem-
bered while on other trials they had forgotten (see figure 11.2).

In the secondary, or metacognitive, task, the monkeys were given
a choice between taking the memory test and receiving a favored re-
ward for correct responses, or declining the test and receiving a less
desirable but guaranteed reward (middle panels). This choice phase
occurred at the end of the delay on each trial, and before the monkey
saw the test array. Facing these contingencies, a monkey could maxi-
mize reward by choosing to take the memory tests when memory for
the studied image was good, and avoiding the test (settling for the
lesser but guaranteed reward) when memory was relatively poor.

An important feature of this procedure is that it requires a prospec-
tive judgment 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 concerns. First, because
the test stimuli were absent when the judgment was made, the choice
to decline tests could not be based on familiarity or perceptual fluency
of the correct test image (Verfaelli & Cermak, 1999; Wagner & Gabri-
eli, 1998). Second, a prospective judgment also precludes a decision to
decline tests based on direct experience with the difficulty of a given
test. Previous studies using pigeon subjects showed that the distinc-
tion between prospective and concurrent memory judgment can be
critical (Inman & Shettleworth, 1999; J. E. Sutton & S. ]J. Shettleworth,
personal communication, February 12, 2003). Pigeons offered the op-
tion of declining tests concurrently with presentation of the test dis-
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Figure 11.2 Method for assessing whether monkeys know when they remember. Each
colored panel represents what monkeys saw on a touch-sensitive computer 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 two thirds of trials, animals chose between taking a memory test (right panel, left-
hand stimulus) and declining the test (right panel, right-hand stimulus). On one third of
trials, monkeys were forced to take the test (left panel). Better accuracy on chosen
memory tests than on forced tests indicates that monkeys know when they remember
and decline tests when they have forgotten, if given the option. See color insert.
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play behaved as if they knew when they remembered. However,
when these same birds were required to judge memory prior to pre-
sentation of the memory test, they were unable to discriminate trials
on which they remembered from those on which they had forgotten
the sample.

In earlier training, two monkeys, Shepard and Gagarin, were famil-
iarized with the significance of the choice phase stimuli (figure 11.2,
middle panels). Preference for peanut over pellet rewards was also
established earlier and confirmed throughout the experiments. The
monkeys 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 images
served as distracters, yielding a chance rate of 25%. Initially, the mon-
keys were given only the primary matching task, without the second-
ary choice phase in 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 approxi-
mately 35% of trials. Thus, the monkeys were sure to be experiencing
a substantial number of trials on which they forgot the identity of the
sample. Shepard was tested at a delay of 34 seconds and Gagarin at
38 seconds.

The choice phase stimuli were then incorporated into testing. At
the end of the delay period on each trial, one of two choice phase
arrays was presented. On one third of trials, the “choice” consisted of
only the stimulus associated with taking the memory test. On these
forced-test trials, monkeys had to touch this stimulus in order to pro-
ceed to the memory test. At test, correct responses were rewarded
with highly desirable peanuts, while a distinctively colored error
screen and no reward followed incorrect choices. These trials were
therefore almost identical to the normal matching-to-sample trials, ex-
cept the monkeys had to touch the stimulus associated with tests be-
fore proceeding to the test. On the other two thirds of trials, monkeys
were given a choice between taking the test and declining the test. If
they selected the stimulus associated with taking the memory test, the
trial proceeded as just described. If they chose the stimulus associated
with avoiding the memory test, an escape response screen appeared.
The monkeys were rewarded with less desirable primate pellets after
they touched the image on this screen, which was unrelated to the
other test images and presented in a location not used for other im-
ages.

If monkeys can accurately assess whether or not they remember
the studied image, they should choose to take the test when they re-
member and avoid the test when the studied image is forgotten. Reli-
able discrimination between trials on which memory was good and
trials on which memory was poor should result in higher accuracy on
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chosen tests compared to forced tests. Both monkeys were more accu-
rate on trials in which they freely chose memory tests than they were
on forced-test trials in which they were not given the option of declin-
ing the test (figure 11.3, paired ¢ tests: Shepard, f,= 3.91, p < .01; Gaga-
rin, ty= 4.51, p < .01). However, accuracy on these tests does not di-
rectly reflect the accuracy expected on trials in which the monkeys
declined the memory test.

Unfortunately, it is difficult to get a direct measure of accuracy on
trials on which the monkeys declined to take the test, for two reasons.
The first is that the contingencies of the experiment, by which the
monkeys learned the significance of taking and declining memory
tests, would be undermined by any reasonably large number of probe
tests in which the monkey was forced to take a memory test, even
though it had declined to do so. Second, performance on such trials
is unlikely to reflect memory accurately. This is because the monkeys
expect a small, reliable reward after declining the test. If they were
forced to take the test instead, they would likely be surprised and
possibly frustrated by the unexpected change. Surprise or frustration
could disrupt performance and impair accuracy. Thus, forced tests
following the decline response do not provide a good measure of
memory on declined trials. Instead, we have to rely on a less direct
measure, as follows.

Accuracy on forced tests is a weighted average of accuracy on tests
subjects would have declined, given the choice, and those they would
freely have chosen to take anyway. The expected accuracy on declined
trials is substantially lower than this weighted average, and avoiding

1.0 7 chosen forced
‘ tests

Proportion correct

Shepard Gagarin

Figure 11.3 Accuracy on freely chosen tests and forced
tests. Dark bars represent accuracy on tests the mon-
keys chose to take. Striped bars represent performance
on trials in which the animals were not given the
choice of declining tests. Scores for the two monkeys
are the means of 10 daily sessions. Error bars are stan-
dard errors. Subjects would be correct 25% of the time
if guessing.













































