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Abstract
Planning is an important aspect of many daily activities for humans. Planning involves forming a
strategy in anticipation of a future need. However, evidence that nonhuman animals can plan for
future situations is limited, particularly in relation to the many other kinds of cognitive capacities
that they appear to share with humans. One critical aspect of planning is the ability to remember
future responses, or what is called prospective coding. Two monkey species performed a series of
computerized tasks that required encoding a future response at the outset of each trial. Monkeys of
both species showed competence in all tests that were given, providing evidence that they
anticipated future responses, and that they appropriately engaged in those responses when the time
was right for such responses. In addition, some tests demonstrated that monkeys even remembered
future responses that were not as presently motivating as were other aspects of the task
environment. These results indicated that monkeys can anticipate future responses and retain and
implement those responses when appropriate.
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Introduction
Planning involves the development and implementation of strategies in anticipation of future
needs or situations. Planning is a basic requirement of many cognitive processes employed
by adult humans (Owen, 1997). Some have argued that envisioning the future and planning
for it are core functions of human memory (e.g., Klein, Robertson, & Delton, 2010). With
regard to the most advanced kinds of planning, it remains unclear whether animals can show
similar capacities to humans, because these forms of planning seem to require mental time
travel (see Roberts, 2002). Despite this potential limitation, there are some very nice
demonstrations of future oriented processes in animals that might reflect planning. For
example, Chappell and Kacelnik (2002) reported that crows chose appropriate tools in
anticipation of future food retrieval. Similarly, chimpanzees have been observed
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transporting nut-cracking rocks considerable distances, suggesting that they collected those
rocks with the intention of cracking and eating nuts (Boesch & Boesch, 1984).

Planning in animals is not limited to tool selection. Computerized tasks presented to
nonhuman primates have shown some evidence that primates plan future responses,
although in all cases this evidence is limited to only the very near future (within a few
seconds). For example, various monkey species may plan travel routes through
computerized mazes (Fragaszy, Johnson-Pynn, Hirsh, & Brakke, 2003; Mushiake, Saito,
Sakamoto, Sato, & Tanji, 2001; Washburn, 1992). Animals also have shown evidence for
planning on limited scales for sequenced responding to stimuli (e.g., Beran, Pate, Washburn,
& Rumbaugh, 2002; Biro & Matsuzawa, 1999; Kawai & Matsuzawa, 2000; Scarf &
Colombo, 2009, 2010).

Another capacity that seems likely to be related to planning is the use of prospective coding
of future responses. Here, the idea is that an animal (or human) could encode a future
response that cannot be made immediately, and then retain that intended response until later
implementation. One can imagine the way this would work by thinking about the delayed
matching-to-sample (DMTS) paradigm, in which a sample is presented, but then is removed
for some period of time before match choice are presented. Although animals may
remember, at the time of choice, what sample they had seen at the beginning of the trial
(retrospective coding), they also may encode, at the beginning of the trial, what stimulus
they will select later at the time of choice (prospective coding; see Roitblat, 1980). There is
some debate about the nature of the memory code used during experimental tasks such as
DMTS (e.g. Honig, 1978; Urcuioli & Zentall, 1992). Although most evidence suggests that
retrospective codes are consistently used (e.g., Urcuioli & Zentall, 1986), there is some
evidence in support of the idea of prospective coding for some tasks (e.g., Jackson-Smith,
Zentall, & Steirn, 1993; Santi & Roberts, 1985; Zentall, Jagielo, Jackson-Smith, & Urcuioli,
1987).

This is true not only for matching-to-sample tests, but also for other tests such as radial arm
maze tests, in which an animal can receive a reward at the end of each maze arm by running
down that arm only once. In this radial maze task, one can distinguish between prospective
and retrospective codes on the basis of where in a sequence of maze runs errors are most
likely to occur. If errors occur most often when the maze is approximately half depleted, it
would suggest that animals shift from a retrospective code early (“where have I been”) to a
prospective code later (“where do I still need to go”). Some animals seem to show exactly
this dissociation in coding (e.g, Cook, Brown, & Riley, 1985; Zentall, Steirn, & Jackson-
Smith, 1990; but see DiGian & Zentall, 2007; Klein, Evans, & Beran, 2011).

Consider also the task used by Colombo and Graziano (1994), which used an auditory–
visual matching task to investigate the type of coding used by pigeons. In this task, the
sample stimuli were tones and the match stimuli were objects associated with the tones. The
researchers found that interference occurred when visual stimuli were presented during the
delay between sample and match presentation, but not when auditory stimuli were presented
during the delay, suggesting that monkeys were using a prospective code of the anticipated
visual match stimulus. This dissociation between retrospective and prospective coding may
be evident in neural processes as well. Rainer, Rao, and Miller (1999) reported that monkeys
showed a shift in prefrontal neural activity throughout the delay period of a delayed paired-
associate task that suggested early in the trial the monkeys were remembering the sample
but late in the trial were remembering the target.

We presented rhesus monkeys and capuchin monkeys with a variation of a matching-to-
sample task in an effort to examine specific aspects of their behavior that would be relevant
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to planning behavior, at least as evidenced through use of prospective coding of responses.
Here, we discuss a very limited form of planning, similar to that seen in tests of motor
planning in animals (e.g., Chapman & Weiss, 2010), and some of the computerized tests that
show that animals may anticipate and plan one or more responses in a sequence (e.g., Beran
et al., 2002; Biro & Matsuzawa, 1999; Scarf & Colombo, 2010). Our test was based on the
delayed matching-to-sample tasks conducted to examine the different processes that might
occur during a retention interval. However, we devised a new variation of that test that
placed a greater premium on the use of a prospective code rather than a retrospective code,
to determine whether rhesus monkeys and capuchin monkeys could solve such a task
through use of prospective coding of future responses.

Experiment 1
In this task, a sample image appeared in the center of the computer screen at the same time
that four choice images (one match and three non-matches) appeared in the corners of the
screen (see Figure 1). The monkey had to move a cursor, from a location on the edge of the
screen, into contact with the sample in the center of the screen. However, by the end of
training in Experiment 1, movement of the cursor toward the sample stimulus immediately
concealed the four comparisons. Therefore, monkeys could only succeed on this task if they
discerned the location of the correct comparison before even beginning the trial by starting
toward the sample. This manipulation was critical for making this task require a prospective
mode of encoding (i.e., remembering where they needed to go later) rather than a
retrospective mode of coding (i.e., remembering what they had seen as the sample). In
essence, monkeys had to remember not what the sample was, but what match choice they
were going to choose in the (near) future.

Methods
Participants—Eight capuchin monkeys and eight rhesus monkeys were tested. The
capuchins were Drella (male, 20 years old), Gabe (male, 12 years old), Griffin (male, 13
years old), Liam (male, 7 years old), Lily (female, 13 years old), Logan (male, 5 years old),
Nala (female, 8 years old), and Wren (female, 8 years old). The macaques were all adult
males named Murph (17 years old), Lou (17 years old), Willie (25 years old), Hank (27
years old), Chewie (11 years old), Han (8 years old), Luke (11 years old), and Obi (7 years
old). All were previously trained to use joysticks to participate in computerized tests and had
years of experience performing in such tasks. Thus, they had all learned previously how to
contact stimuli on the screen using the cursor shown on the screen.

Apparatus—The monkeys were tested using the Language Research Center's
Computerized Test System—LRC-CTS (described in Evans, Beran, Chan, Klein, & Menzel,
2008; Rumbaugh, Richardson, Washburn, Savage-Rumbaugh, & Hopkins, 1989; Washburn
& Rumbaugh, 1992)—comprising a personal computer (Systemax, Port Washington, New
York), a digital joystick (Logitech Precision, ), a 17-inch LCD color monitor (Acer, San
Jose, CA), and a pellet dispenser (Med Associates, St. Albans, VT). Monkeys viewed the
monitor from a distance of approximately 30 to 60 cm depending on each monkey's own
preference for where in the test cage it sat as it worked. Monkeys manipulated the joystick to
produce isomorphic movements of a computer-graphic cursor on the screen. Contacting
appropriate computer-generated stimuli with the cursor brought them a 45-mg (capuchins)
or 94-mg (macaques) fruit-flavored chow pellet (Bio-Serv, Frenchtown, NJ) using a pellet
dispenser interfaced to the computer through a digitial I/O board (PDISO8A; Keithley
Instruments, Cleveland, OH).
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Design and Procedure—At the outset of each trial, a sample image appeared in the
center of the screen along with four choice stimuli around the screen edge (Figure 1a). These
stimuli were clip art images (3.4 cm by 3.4 cm) randomly drawn from a library of over 500
images on each trial, and the match choices were approximately 12 cm apart from their
horizontal neighbor and 7.5 cm apart from their vertical neighbor. The locations of the
choice stimuli were randomly determined so that the location of the match choice that was
the same as the sample varied across trials. The cursor initially appeared in any of the four
positions between two adjacent match stimuli. To be successful, the monkey had to view the
screen and determine the location of the correct match choice before responding, because
movement of the cursor would cause the match options to become masked (Figure 1b),
eliminating any future opportunity for the subject to discern the correct response. Therefore,
at the outset of each trial, the subject had to remember not what the sample was, but which
match choice they were going to choose later in the trial. At present, however, the monkey
still had to move the cursor into contact with the sample before the trial would continue.
Once the sample was contacted, it disappeared from the screen for the remainder of the trial,
and the monkey had to remember the correct response location without any additional
information about the identity of the sample if it was to correctly complete the matching
task.

During training, there were five phases. In Phase 1, there were only two match choices. In
Phase 2, this was increased to four match choices. Phase 3 to Phase 5 progressively slowed
the speed of the cursor to increase the trial duration. Within each of these phases, the subject
progressed through seven steps, each of which successively decreased the distance from the
start position that the cursor could move before the match choices were masked. Step 1 was
the easiest, and the cursor had to be in contact with the sample before the match choices
were masked. By Step 7, however, any movement of the joystick led to the masks appearing.
At that point, the monkey had to decide which match choice it would later choose before it
initiated any cursor movement or engaged the task at all. To progress from one phase to the
next, a monkey had to successfully meet criterion at all seven steps within that phase and do
so within a single test session. The criterion was 20 trials correct for the most recent 25 trials
at each step in all phases except Phase 5, where this was reduced to 16 trials correct out of
20 to accommodate that trials required more time to complete and that animals needed the
time to complete enough trials in the session to make it through all seven steps.

Monkeys worked as many trials as they chose to in a session. Macaques had access to the
task for approximately 4 hours in each test session, and capuchins had access for 2 to 3
hours in each session. Correctly completed trials were rewarded with a single food pellet.
Incorrect trials led to either a 10 sec (Phase 1-3) or 5 sec (Phase 4-5) timeout period during
which the screen was blank. There was a 1 sec inter-trial interval for trials that followed both
correct and incorrect responses.

Results
Because of the stringent progression criterion, any monkey that met that criterion
substantially exceeded chance levels of performance. Chance was 50% in Phase 1 and 25%
for all subsequent phases. Completing 20 of 25 trials correctly or 16 of 20 trials correctly
was significantly better than this chance level, p < .01. Here, we report in how many phases,
and in how many steps within phases, each monkey met the criterion.

Table 1 presents the number of sessions required by each monkey at each phase to either
meet the criterion or work for multiple consecutive sessions with no discernible
improvement. Six of eight capuchin monkeys progressed all the way to Phase 5, and four of
those six monkeys met the criterion at all seven steps within that final phase. Seven of eight
rhesus monkeys also progressed all the way to Phase 5, and five of those seven monkeys met
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the criterion at all seven steps within that final phase. Figure 2 presents the mean
performance of these four capuchin monkeys and five rhesus monkeys on their very last
session in this experiment, which was the hardest test in the series. By Step 7 of Phase 5, any
deflection of the joystick masked the match options, and then the monkeys had to slowly
move the cursor to the sample before they were allowed to make a matching choice. The
mean trial durations at this step and phase from the point at which the masks appeared
onscreen to when the monkey completed its matching response were as follows (data are
presented only for successful monkeys): Capuchin monkeys: Griffin – 8.3 s; Liam - 9.7 s;
Logan – 12.0 s; Nala – 10.9 s; Rhesus monkeys: Han – 9.4 s; Hank – 7.6 s; Lou – 8.1 s;
Murph – 10.2 s; Obi – 8.0 s.

Discussion
The majority of monkeys completed all phases and levels, suggesting that, on a very limited
temporal scale, monkeys can determine a future response before initiating a computerized
trial. These monkeys had to discern where the identical match choice was located in relation
to the sample in the middle of the screen. They had to do this before interacting with the
task, and then they had to make an initiation response by moving to the sample before they
were allowed to move on to actually select the match choice. By then, it was no longer
visually on the screen. If they had not already anticipated that future response, they would
perform at chance levels. However, the monkeys did anticipate that response, and then
followed through with it after they moved the cursor to the sample image.

In some ways, this behavior can be called planning, in the sense that monkeys could not
immediately act but instead had to encode information that would later be needed to guide
future action. Thus, the present results join those from other tasks (e.g., Beran et al., 2004;
Biro & Matsuawa, 1999; Scarf & Colombo, 2009) to indicate some planning competence in
rhesus monkeys and capuchin monkeys. However, this task used a very short time period for
trials. And, the monkeys could have visually fixated on the correct response throughout the
trial, and they could have focused their attention on making that solitary matching response.
To better demonstrate planning-like behavior, and prospective coding of responses,
something needed to occur between encoding of the future matching response for later
retrieval and actually making that response. Thus, we introduced an intervening task that
would force the monkeys to disengage their visual attention from the matching location and
that would also increase the trial duration. This allowed us to determine whether monkeys
would still prospectively encode future responses even when they had additional task
demands that were qualitatively different from the memory demand of the matching
component.

Experiment 2
In Experiment 2, the program introduced a filler task between selection of the sample and
match stimuli so that monkeys could not simply wait to make the matching response.
Instead, the monkeys had to perform a psychomotor task in which they pursued moving
targets on the screen after they had encoded the correct match choice to be made later in the
trial. Only after they had completed some designated number of these target trials could they
then complete the matching part of the task (by moving the cursor to the correct match). The
visual tracking of moving targets decreased the chances that the monkeys could use
continual rehearsal and prevented the monkeys from keeping eye gaze on the correct spatial
location.
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Methods
Participants and Apparatus—The same monkeys participated using the same
experimental apparatus and software.

Design and Procedure—The beginning of each trial looked the same as it did in
Experiment 1. A sample was centered in the middle of the screen, and there were four match
choices in the corners, one of which was identical to the sample. However, an intervening
task was presented after the sample was contacted with the cursor. That intervening task
involved the presentation of a green circle in the center of the screen that moved in a random
pattern around the center part of the screen. The monkey had to move the cursor into contact
with that moving circle in order to capture it and remove it from the screen. No food pellets
were given for catching the moving target during the intervening task. The target circle only
moved so long as the monkey was moving its cursor, so the monkey had to engage its
attention to both the cursor and the target in order to complete this intervening task. Thus,
the intervening task provided a distraction to the ongoing rehearsal of the memory for the
match location.

There were four phases in this experiment. In Phase 1, after the monkey contacted the
moving target, it disappeared and the only things remaining on the screen were the four
match locations (now masked) and the cursor. So, the monkey then could complete the
matching portion of the trial, and if correct it received a single food pellet. In Phase 2, the
cursor speed and the speed of the moving target were both slowed so that the intervening
task was more time consuming and required greater effort on the part of the monkey. This
was done to increase the delay between encoding of the correct match response location and
when the monkey could actually make that response. In Phase 3, two moving stimuli had to
be captured, with the second one appearing after the first was contacted and removed from
the screen. This further elongated the duration of the intervening task, and in Phase 4 the
monkey had to contact five of these sequentially presented moving targets during the filler
task. In all phases, food reward was only presented when the matching portion of the trial
was completed correctly. No food reward was given for contacting the moving targets.

Each of these phases presented five steps within each session, in which the masks over the
match location appeared earlier and earlier with cursor movement toward the sample, so that
by Step 5 any deflection of the cursor again immediately masked the choice options (this
was the same as what was designated Step 7 in Experiment 1). Criterion for each of these
steps in each of these phases was again 16 trials correct in the most recent 20. Thus, by the
end of this experiment, a monkey that successfully met criterion all of the way through the
experiment was completing trials where it had to find the match location before doing
anything else, then move the cursor to the sample, then chase and contact five moving
targets in the center of the screen, and then finally complete the matching portion of the trial
correctly in order to receive a food reward.

Results
As in Experiment 1, the progression criterion meant that any monkey that met that criterion
substantially exceeded chance levels of performance (p < .01, binomial test). Again, we
report how far each monkey made it through the experiment and the number of sessions that
each monkey completed overall in each phase (see Table 2). Six of eight capuchin monkeys
progressed all the way to Phase 4, and three of those six monkeys met the criterion at all five
steps within that final phase. Five of eight rhesus monkeys also progressed all the way to
Phase 4, and four of those five monkeys met the criterion at all five steps within that final
phase. Figure 3 presents the mean performance of these three capuchins and four rhesus
monkeys on their very last session in this experiment, which was the hardest test in the
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series. In this last session, trial durations were longer than those of Experiment 1. The mean
trial durations from the point at which the masks appeared until the monkeys made a
response were as follows (data are presented only for successful monkeys): Capuchin
monkeys: Liam – 18.3 s; Logan – 16.3 s; Nala – 14.0 s; Rhesus monkeys: Han – 15.5 s; Lou
– 15.8 s; Murph – 17.8 s; Obi – 15.2 s.

Discussion
That nearly half of the monkeys completed all phases and levels indicated that, on a longer
temporal scale than in Experiment 1, monkeys could anticipate a future response before
initiating a computerized trial. After prospectively encoding this future response, monkeys
now also had to engage another task that required them to attend to other parts of the screen
and perform motor responses that were in conflict with those necessary later to complete the
matching part of the trial. Although this manipulation does not necessarily prevent continual
rehearsal of the later matching response it certainly decreases the chances that monkeys
were continuously rehearsing the matching response to be made later in the trial.

Despite the fact that all monkeys showed some success, and many monkeys completed all
levels of each presented phase, it was still true that the intervening task had few motivational
properties in comparison to the matching component of the test. The monkeys only received
food reward for completing the matching component successfully. Thus, the intervening task
was not inherently motivating except as a means to move on to the part of the test where
food could be earned, and so this greatly increased the chances that the monkeys were
remaining attentive to and perhaps even rehearsing the correct match location. This raised
another important issue in the assessment of future-oriented processes in nonhuman animals.
Specifically, the question is whether animals, like humans, can anticipate future responses
that are not, in the present, highly motivating.

Some people have argued that planning in animals is limited to situations in which
motivation at the time a behavior is planned matches that at the time of the planned response
(sometimes this is called the Bischof-Köhler hypothesis; Bischof, 1978; Roberts, 2002;
Suddendorf & Corballis, 2007; Tulving, 2005). However, some recent reports seem to
suggest that animals may be capable of anticipating future needs that differ from present
ones. For example, Raby, Alexis, Dickinson, and Clayton (2007) reported that scrub jays
(Aphelocoma californica) would cache food in locations that were close to where the birds
would be later when they were in a hungry state (see also Correia, Dickinson, & Clayton,
2007; Feeney, Roberts, & Sherry, 2011, for other positive outcomes). Mulcahy and Call
(2006) reported that bonobos and orangutans transported and saved tools that they could
only use 1 hour or 14 hours later. Osvath and Osvath (2008) showed that chimpanzees and
orangutans could override immediate needs by choosing a tool they could only use later
rather than choosing a food they could eat now. Experiment 3 attempted to manipulate
motivation in a more subtle manner, but one that could provide useful data within the
computerized paradigm that has been outlined

Experiment 3
In Experiment 3, we provided the monkeys with substantially more food reward for doing
the filler task than they could receive for the matching response. This was designed to
greatly reduce the appetitive and motivational value of making the matching response
compared to the filler task. Here, the question was whether monkeys would still
prospectively encode that matching response even though it provided very little value
relative to the filler task in terms of the magnitude of reward that was earned. Such results
would indicate that animals will encode future responses even when other things are
presently more motivating in a task context. Although not a direct assessment of the
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Bischof-Köhler hypothesis, this manipulation seems valuable for assessing the broader issue
of what constrains nonhuman animal prospective coding. It is clear that animals would be
highly motivated to prospectively encode responses (if they are so capable) when those
responses are the only means for obtaining food reward in experimental tasks. However,
little research has asked about such encoding in a context in which the benefits for
prospectively remembering future responses are much lower than the benefits for concurrent
task demands, and whether this manipulation would effectively disrupt prospective coding.
So, these data provide another possible route for determining how motivation interacts with
memory in computerized tests and possibly other tests with concurrent task demands.

Methods
Participants and Apparatus—The same monkeys participated using the same
experimental apparatus and software.

Design and Procedure—The beginning of each trial looked the same to the monkey,
and, when the sample was contacted, moving targets again appeared as in Experiment 2. In
the first session, monkeys had to contact five successive moving targets before moving on to
the matching response. For each contacted target, the probability of getting a single food
pellet was .33. A single pellet also was given for a correct matching response. At the end of
the session, if the monkey exceeded 50% correct on the matching response (which exceeded
chance levels of performance, p < .05, binomial test), the next session presented five
additional moving targets before the match response could be made. So, monkeys would
progressively complete 5, 10, 15, etc., target contacts on each trial across sessions until they
reached a point at which performance did not exceed 50% correct for five consecutive
sessions, at which point their participation in this experiment ended. The criterion was
lowered because it was anticipated that the diminished level of reward for the matching
component of trials should have some detrimental effect on performance, as would the
progressively longer trial durations that would occur as monkeys were presented with higher
numbers of moving targets before they could attempt the matching response.

Again, moving target contacts were rewarded on a .33 probability schedule. This meant that,
for example, trials with 15 moving targets would produce, on average, 5 food pellets for the
monkey before the matching component of the trial could be completed. Thus, monkeys that
could increase their number of moving target contacts by meeting the session criterion
would be getting more food for completing the intervening task than for completing the
matching task. Unlike previous experiments, different levels of cursor movement before
masks appeared over the choice options were not used. Instead, an intermediate step was
used where masks appeared when the cursor was halfway between its start point and the
sample image.

Results
Figure 4 (capuchin monkeys) and Figure 5 (rhesus monkeys) show the session by session
performance level of each monkey for each number of moving target contacts that were
required before a matching response could be made. Capuchin monkeys were successful,
with all individuals meeting criterion for at least the 5-contact trials, and four of eight
monkeys meeting criterion for 20-contact trials or better. The average trial durations for the
last test session at which criterion was met for each of these four monkeys, from the point at
which the masks appeared until the match response was made, were as follows: Liam – 68.2
s; Lily – 55.2 s; Logan – 112.9 s; Nala – 123.6 s. Two monkeys in particular stand out.
Logan met criterion even when completing 40 contacts with moving targets, and Nala did so
for trials with 50 such contacts. This means that on average Logan and Nala were receiving
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13.3 and 16.7 pellets per trial for contacting moving targets for every possible single-pellet
reward in the matching component of the task.

Rhesus monkeys also showed success. All rhesus monkeys except for one met criterion for
at least the 5-contact trials, and four of eight monkeys met criterion for 20-contact trials. The
average trial durations for the last test session at which criterion was met for each of these
four monkeys, from the point at which the masks appeared until the match response was
made, were as follows: Chewie – 65.5 s; Luke – 70.6 s; Murph – 51.5 s; Obi – 48.7 s.

Discussion
These results indicate that the majority of monkeys performed well by encoding a future
response even when they were more heavily rewarded on the intervening task. This should
have greatly decreased the immediate motivation for the planned matching response
encoded at the outset of the trial. By this we mean that monkeys learned that the target
tracking component of the task was much more heavily rewarded. This result is important
for what it might indicate about the potential for nonhuman animals to plan future responses.
Planning involves the development and implementation of strategies in anticipation of future
needs or situations. As noted earlier, the Bischof-Köhler hypothesis states that animals
cannot plan for future rewards that are not presently desired. Although the present results do
not refute this hypothesis, it should be clear that performance on the matching component of
the trial was greatly diminished in its motivational structure compared to performance on the
target-contacting component because of the greatly inflated number of pellets that could be
obtained in the latter component relative to the former. Yet, most monkeys still encoded that
future spatial response location and retained that information even while completing, in
some cases, dozens of target contacts and eating in some cases 10 times as many pellets
during that part of each trial. This indicates that monkeys will encode future responses even
when those responses are not the most presently motivating features of their test
environment, including here when successful performance on the matching component made
only a small contribution to the overall food consumption of the monkeys.

General Discussion
This series of experiments progressively increased the difficulty of a matching-to-sample
task that was designed to probe potential planning and prospective encoding of responses.
Monkeys of two species succeeded in all tests presented to them in this study, illustrating a
number of points about the planning and memory capacities of nonhuman animals. In
particular, four aspects of this project merit attention.

First, as demonstrated initially in Experiment 1, but also throughout the entire study, all
monkeys were capable of forming an intended future response before initiating a trial.
Experiment 1 required by its end that a monkey survey the computer screen, encode where
the correct match choice was located, and then remember that location for at least as long as
it took to move the cursor first to the sample in the center of the screen. By the end of
Experiment 1, monkeys had to do this before they engaged the joystick or moved the cursor,
and so their success indicated they inhibited that initiation of the joystick long enough to
accurately assess what response they would make. In this sense, the present data support
other reports that monkeys can plan responses on a computer screen, at least to a limited
temporal degree (e.g., Beran et al., 2004, Scarf & Colombo, 2009, 2010, 2011).

Second, the monkeys demonstrated that not only would they encode this future response
when they were preparing to make it in the very near future (i.e., when there was nothing
else to do but make that response), but they also proved capable of doing that even when an
intervening task was introduced. That task prevented continuous visual fixation because the
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monkeys instead had to track moving targets and move the cursor in directions not directly
related to the later matching response. Monkeys did this quite well, in part because matching
performance still dictated whether the monkeys received any food reward. On the other
hand, the large number of trials in each session surely could have produced high levels of
proactive interference, and it is impressive that the monkeys were able to plan a response
and then execute it after delays filled with an intervening activity. Thus, forming a durable
encoding of a future response and then performing an intervening task before being allowed
to make that response is within the capacity of monkeys of both species, as clearly indicated
in Experiment 2. The present task extends previous tests of planning using computerized
tests by adding this intervening task requirement, and monkeys still succeed.

Third, the monkeys’ performance provided evidence contrary to one of the main issues that
is foundational to the Bischof-Köhler hypothesis – that animals do not anticipate future
responses that are less motivating than possible responses in the present. We made the
intervening task substantially more motivating in terms of food reward that could be
obtained. Thus, matching responses in Experiment 3 were reduced in their importance
compared to Experiment 1 and Experiment 2. But, most monkeys demonstrated that they
still would encode and remember the correct match location before obtaining most of their
food reward from the intervening task. Some monkeys, in fact, showed extremely high
levels of performance in terms of how many target contacts they could perform and still
show high matching performance. Thus, Experiment 3 demonstrated that monkeys can
encode future responses and later execute them even when those responses are not the most
motivating aspects of the animals’ present environment. This does not refute the Bischof-
Köhler hypothesis, which is more specific with regard to its claim that animals cannot plan
for things they presently do not want, because in our task, pellets were all equally
motivating. However, we contend that these data still are interesting because they address
the issue of relative motivational value of different task components in a multi-response test
paradigm, and the data suggest monkeys will engage in a concurrent task to obtain a
relatively small reward amount even when that concurrent task is the harder component of
an ongoing experiment (e.g., spatial memory encoding and retention versus psychomotor
responding). Moreover, the results demonstrate that monkeys can plan for actions that will
not benefit them until 60 s or so later.

A reviewer of this paper suggested that the monkeys could retrospectively retrieve memories
of the sample and memories of the stimuli originally shown in each match location for that
trial. Then, monkeys could have found the equivalent match choice for that sample, and
completed the trial, without need of encoding any future response at any point in the trial.
Although this possibility cannot be fully discounted with the present data, we believe that
such a strategy or response pattern would be much less efficient and require higher memory
loads than the prospective coding interpretation. Monkeys would have to store more
information at the trial outset – the sample, and each of the four choice stimuli as well as
their locations. Then, at test, the monkeys would have to compare all of those stored units of
information to find the matching pair, before moving to the location of that matching item.
Given the large number of trials and the potentially high levels of interference across trials
from using a retrospective coding strategy, it seems unlikely that this strategy (without a
deliberate attempt to encode the location of the objects) could support such high levels of
performance.

Planning has been reserved by some as a uniquely human capacity. However, nonhuman
animals have shown some planning-like behavior, albeit in far more restricted ways than for
other behaviors shared with humans. The present experiments suggest that two species of
monkeys, an Old World species and a New World species, may, in a self-initiated manner,
plan future responses on a limited time scale. In addition, the matching to sample task used
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here has clear applications for assessing deterioration of planning and prospective encoding
and memory as a function of age, cognitive load (e.g., by making the intervening task more
cognitively demanding), and other variables that can account for individual differences. As
such, it is a useful tool for better understanding the evolution of future oriented processes in
nonhuman animals and may provide even greater insights into the future oriented processes
that are present in nonhuman animals.

The ability to anticipate and plan for the future also factors heavily into specialized kinds of
memory such as prospective memory. Prospective memory refers to remembering to
perform some action in the future, and it relies on the processes of encoding, storing, and
delayed retrieval of a future action (e.g., Einstein & McDaniel, 1990, 2005; Ellis, 1996; Ellis
& Freeman, 2008; Kliegel, McDaniel, and Einstein, 2000; Shallice & Burgess, 1991).
Humans are quite capable at using prospective memory for a variety of tasks on a wide
range of time scales, from remembering something in the immediate future (e.g., to attach a
file to an email message one is about to send) to the more distant future (e.g., to change the
oil in one's car next weekend; Kliegel et al., 2000; McDaniel & Einstein, 2007; McDaniel,
Einstein, Graham, & Rall, 2004; Smith, 2003, 2008). Some of those tasks may even
approximate the demands of the computer task used here – for example, having to remember
to specifically encode where you parked your car in a complex airport parking lot because
you will need that information later. In order to do this, one has to be aware that this
information will be necessary in the future and one has to self-initiate the encoding process.
Thus, experimental paradigms that can illustrate some of the constituent processes of
prospective memory in animals can have value for better understanding similar mechanisms
in humans. Although the present task cannot assess prospective memory in animals,
adaptations of that paradigm that allow animals to choose when to report remembered
responses on the basis of either temporal or event-based cues will provide additional data
pertaining to future oriented processes in nonhuman animals.
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Figure 1.
Depictions of the task. A. Monkeys initially saw a sample image in the center of the screen
and up to four choice images in the corners. They had to determine where the correct match
was located prior to moving the cursor into contact with the image in the center. B. When
the cursor moved toward the sample, masks were placed over all choice images, so that
monkeys no longer could look to find the matching image.
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Figure 2.
Mean performance of four capuchin monkeys and five rhesus monkeys on their very last
session in Experiment 1. By Step 7 of Phase 5, any deflection of the joystick masked the
match options, and then the monkeys had to slowly move the cursor to the sample before
they were allowed to make a matching choice. Errors bars represent 95% confidence
intervals.
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Figure 3.
Mean performance of three capuchins and four rhesus monkeys on their very last session
Experiment 2. Errors bars represent 95% confidence intervals.
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Figure 4.
Session by session performance level of each capuchin monkey for each number of moving
target contacts that were required before a matching response could be made in Experiment
3. The horizontal line indicates the 50% performance level that was the criterion for moving
to a larger number of required target contacts. Chance was still 25% as in the previous
experiments.
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Figure 5.
Session by session performance level of each rhesus monkey for each number of moving
target contacts that were required before a matching response could be made in Experiment
3. The horizontal line indicates the 50% performance level that was the criterion for moving
to a larger number of required target contacts. Chance was 25%.
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Table 2

Number of sessions to meet criterion for each monkey in Experiment 2

Phase 1 Phase 2 Phase 3 Phase 4

Capuchins

Drella 24 DNMC

Gabe 23 2 5 DNMC

Griffin 3 4 2 DNMC

Liam 6 1 6 18

Lily 25 2 1 DNMC

Logan 9 1 1 12

Nala 11 1 2 2

Wren 25 DNMC

Rhesus

Murph 11 2 1 3

Lou 2 1 1 2

Willie DNMC

Hank 1 DNMC

Chewie DNMC

Han 2 1 1 4

Luke 1 1 1 DNMC

Obi 1 1 1 3

Note. DNMC means the monkey did not meet the criterion in that phase.
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