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Abstract

Human and nonhuman primates are not mentally constrained to the present. They can remember
the past and — at least to an extent — anticipate the future. Anticipation of the future ranges from
long-term prospection such as planning for retirement to more short-term future oriented cognition
such as planning a route through a maze. Here we tested a great ape species (chimpanzees), an Old
World monkey species (rhesus macaques) a New World monkey species (capuchin monkeys) and
human children on a computerized maze task. All subjects had to move a cursor through a maze to
reach a goal at the bottom of the screen. For best performance on the task, subjects had to “plan
ahead” to the end of the maze to move the cursor in the correct direction, avoid traps, and reverse
directions if necessary. Mazes varied in difficulty. Chimpanzees were better than both monkey
species, and monkeys showed a particular deficit when moving away from the goal or changing
directions was required. Children showed a similar pattern to monkeys regarding the effects of
reversals and moves away from the goal, but their overall performance in terms of correct maze
completion was similar to the chimpanzees. The results highlight similarities as well as differences
in planning across species and the role that inhibitory control may play in future oriented cognition
in primates.
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There is great interest in comparative cognitive science about the ability of nonhuman
animals to remember their own past and perhaps to plan for their own future (Crystal, 2013;
Roberts, 2002; Suddendorf & Busbhy, 2003; Suddendorf & Corballis, 2007; Tulving, 2005).
For adult humans, the most striking examples of these cognitive processes include episodic
or autobiographical memory (Tulving, 1972, 1993). Future-oriented processes in humans
include instances of prospective memory (i.e., remembering to do something later;
McDaniel & Einstein, 2007), but also more episodic-like instances such as imagining one’s
own future wedding or retirement. There is now some evidence of episodic-like memory for
past events in animals (e.g., Babb & Crystal, 2005; Clayton & Dickinson, 1998, 1999;
Eacott, Easton, & Zinkivskay, 2008; Menzel, 1999; Zentall, 2005), and some evidence for
more future-oriented processes in nonhuman animals as well (e.g., Beran, Perdue, Bramlett,
Menzel, & Evans, 2012; Chappell & Kacelnik, 2002; Clayton, Dally, Gilbert, & Dickinson,
2005; Mulcahy & Call, 2006; Nagshbandi & Roberts 2006; Osvath & Osvath, 2008; Raby,
Alexis, Dickinson, & Clayton, 2007; Wilson & Crystal, 2012, Wilson, Pizzo, & Crystal,
2013; Zentall, 2005).

In addition to studying temporally extended retrospection or prospection, studying instances
of planning, even those that occur on very limited time scales, can provide insights about the
comparative foundations of future-oriented cognition as well as the potential limitations
faced by species other than humans in such future orientation. Broadly defined, planning
simply requires the organization of behavior in the present to obtain a future goal. The time
frame does not matter, and so planning can occur for an event that is seconds, hours, days, or
years in the future (Miller, Galanter, & Pribram 1986). Of course, the time scale and spatial
scale can be important aspects in differentiating cognitively distinct processes that might all
be called planning. Stacking items to reach a goal might require different processes such as
seriation of movement. Route planning might be more reliant on spatial navigation skills.
And, anticipating the need to find and retrieve a tool that is needed to complete a task might
rely on prospective memory capacities. Thus, the cognitive processes involved in different
types of planning might not necessarily be identical, but they are all likely related, and all
have some degree of future-orientation. As noted, there is some evidence that animals may
plan on a relatively long time scale for future events, but there is a more extensive literature
that reflects planning on a limited time scale in nonhuman animals.

One influential line of research into animal planning required animals to sequence visual
stimuli in a particular order using a variation of the chained response task (e.g., D’Amato &
Colombo 1988, 1989; Terrace, 1986). Some chimpanzees (Pan troglodytes) proved highly
adept at seeing and then remembering a long sequence of needed responses when shown an
array of to-be-sequenced stimuli for only brief intervals. These chimpanzees then completed
the sequence based on their memory for the order that was needed for item selection (Inoue
& Matsuzawa, 2007; see also Biro & Matsuzawa, 1999). Although not all chimpanzees
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performed this well on the task (Beran, Pate, Washburn, & Rumbaugh, 2004), all
chimpanzees, as well as rhesus monkeys (Beran et al., 2004; Scarf & Colombo, 2009; Scarf,
Danly, Morgan, Colombo, & Terrace, 2011; see also Washburn, 1992), capuchin monkeys
(Cebus apella; Beran & Parrish, 2012) and pigeons (Columba livia; e.g., Scarf & Colombo,
2010), showed evidence of planning one or two moves ahead in similar sequencing tasks.

Another approach to examining choice behavior and potential planning in nonhuman
animals involves the use of mazes and similar route-taking tasks (Fragaszy, Johnson-Pynn,
Hirsh & Brakke, 2003; Fragaszy et al., 2009; Menzel & Menzel, 2007; Miyata & Fujita,
2008; Miyata, Itakura, & Fujita, 2009; Mushiake, Saito, Sakamoto, Sato & Tanji, 2001,
Washburn, 1992). For example, Fragaszy et al. (2003) first trained chimpanzees and
capuchin monkeys to use a joystick to navigate the alleys of computerized mazes consisting
of up to five choice points to reach a rewarded goal area. The researchers then tested the
animals on novel mazes including some that involved solutions that initially led away from
the direction of the goal before reaching the end (and thus required animals to look beyond
the next one or more turns before getting too far into the maze). Both species solved the
mazes at rates above chance performance. However, capuchin monkeys erred more often
than chimpanzees, especially when the correct alley led away from the goal. Fragaszy et al.
(2009) extended this research by training capuchins and chimpanzees to perform a long
series of mazes either in a random order or in an order of ascending solution difficulty (with
regard to the number of choice points as well as turns that led away from the direction of the
goal). Chimpanzees again outperformed capuchins and were unaffected by the training
condition, whereas capuchins appeared to benefit from learning the mazes in ascending
order. Most recently, Pan et al. (2011) further investigated the influence of task experience
on maze performance in capuchins by having monkeys perform the same series of mazes as
in Fragaszy et al. (2009) until they mastered them. These monkeys subsequently exhibited
improved performance in novel transfer mazes, particularly those that involved solutions
with detours initially leading away from the direction of the goal.

Another approach to assessing maze performance was through presentation of finger mazes
to two chimpanzees (Iversen & Matsuzawa, 2001). Subjects had to move an onscreen “ball”
through a visual maze presented on the screen. Both chimpanzees learned to do this with
finger movements first by learning to move the ball around obstacles onscreen and then with
training mazes. Their successful performances with the training mazes then generalized to
new mazes, although not immediately. They also learned to approximate the optimal
response path to the goal on many of these mazes. The one limitation in their flexible and
proficient performance of the mazes came when a shorter path in the direction of the goal
also had an obstacle that prevented the ball from reaching the goal. On those trials, the
chimpanzees were equally likely to take that (impossible) path as they were to take the
longer but possible path to the goal. Although this experiment was not specifically about
planning abilities in chimpanzees, the success of chimpanzees with these mazes highlighted
that such an approach could be used to assess planning skills.

Using a somewhat related approach, Tecwyn, Thorpe, and Chappell (2013) examined
planning behavior in a manual maze task by apes. They devised a “paddle-box” task for use
with bonobos (Pan paniscus) and orangutans (Pongo pygmaeus) that consisted of levels of
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short platforms (i.e., paddles) that had to be manipulated in order for a food item to pass
from the top level to the bottom level of the maze where the animal could access the food.
The researchers tested the apes in two experiments in which the lower paddles sometimes
had to be arranged before manipulating the top paddle holding the food item in order to
successfully guide the food from top to bottom. Apes only succeeded when they did not
have to arrange lower paddles in advance, suggesting that they could not plan multiple steps
in advance in this task (possibly because they could not inhibit a prepotent response to the
food item and its initial location). Tecwyn, Thorpe, & Chappell (2014) extended this
research to 4- to 10-year-old human children (Homo sapiens) and devised new measures to
assess whether reducing the inhibitory control demands of the task would allow for greater
planning ability. One measure involved requiring children to pause for a few seconds before
performing the task, and the other measure replaced the food reward with a token
representing the reward. Neither method influenced the extent to which children showed
advanced levels of planning. These results could be interpreted to show that failed inhibition
did not prevent children from succeeding in this planning task, or possibly that these
manipulations were not effective.

Volter and Call (2014a) conducted a similar study to Tecwyn et al. (2013, 2014) with
bonobos, chimpanzees, gorillas (Gorilla gorilla), orangutans, and 4- to 5-year-old human
children in which the participants manipulated a reward item to the bottom of a vertical
maze by sliding the item with a finger into gaps within the vertical levels. Different
configurations of the maze required subjects to plan their movements up to two steps in
advance in order to solve the puzzle, and researchers found that younger apes and older
children successfully planned movements two steps in advance, while younger children
planned one movement in advance, and older chimpanzees did not seem to plan their moves
at all in this task. Apes’ performance was largely influenced by number of changes in
direction (a potential measure of response inhibition, as suggested by Tecwyn et al., 2013),
whereas children’s performance was more influenced by the number of sub-goals of the task
(a potential measure of attention). Thus, there appear to be some differences in how human
children, apes, and monkeys approach different kinds of maze tasks with regard to planning
routes through those mazes, exhibiting the inhibition needed when reversals of direction are
needed, and in the ability to anticipate “traps” that might occur later in a maze if one travels
in a certain direction. All of these characteristics of mazes make them a good choice for
assessing short time-scale planning abilities across species.

To provide a related but novel assessment of planning abilities across species, we designed a
computerized maze task that operated visually much like the physical mazes used by Vélter
and Call (2014a, b) and Tecwyn et al. (2013, 2014). Our mazes were completed by using a
joystick to move a cursor leftward or rightward onscreen until the cursor reached gaps at
each level of the maze and “fell” to the next level. To successfully complete a trial,
participants were required to move the cursor into contact with a goal location somewhere at
the bottom of the screen, while avoiding traps and gaps that instead dropped the cursor onto
the maze bottom without hitting the goal. We presented 100 unique mazes to an ape species
(chimpanzees), an Old World monkey species (rhesus monkeys, Macaca mulatta), a New
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World monkey species (capuchin monkeys), and human children to provide a broad
phylogenetic assessment of planning abilities in the order Primates.

Our mazes were designed so that participants had to make one, two, or three choices within
the maze that potentially could have led to irreversible errors at those choice points.
Additionally, each maze varied in a more conceptual way with regard to its degree of
difficulty. Some mazes, independent of the number of objective choice points, could be
completed by simply moving the cursor always in the direction of the goal. These were
considered the easiest mazes. Other mazes, however, required a reversal of direction at one
of the choice points. These reversals required a degree of manual inhibition and control so
that after falling from one level to the next, the participant had to reverse the cursor direction
or else an error would be made on that level. These mazes were considered to be challenging
for any individual or species that struggled with motor control or behavioral inhibition with
regard to maintaining a course of action when change was needed. Other mazes required a
movement away from the goal so as to eventually reach it, whereas continued movement
always toward the goal guaranteed an error. These trials challenged individuals (and species)
to anticipate that moving toward the goal would lead to an error, whereas looking instead at
the later effects of each movement could lead to recognition that the correct route required
moving away from the goal. And, in the most difficult trials, a reversal and a movement
away from the goal were required within the same maze.

We expected that an individual (or species) that showed planning behavior in terms of
determining the correct route through the maze would perform equally well in all of these
trial types, whereas difficulty with movements away from the goal in order to reach it or
reversals in direction would reflect less planning ability and less inhibitory control in
performing this task, respectively. Therefore, we predicted that chimpanzees would
outperform the monkey species given past research showing greater planning abilities in
these animals. We also predicted that chimpanzees might approach the performance levels
of children overall, although we expected that older children would be more proficient with
all maze types relative to younger children. Finally, we predicted that mazes requiring
movements away from the end goal or a change of direction would prove especially difficult
for the monkey species based on previous research (e.g., Fragaszy et al., 2003). Such
changes might also prove difficult — although to a lesser degree — for chimpanzees, given
past research showing that such movements sometimes disrupted performance in other maze
tasks (lversen & Matsuzawa, 2001; Volter & Call, 2014a).

There are multiple reasons to expect that species differences might be present in this kind of
task. Fragaszy et al. (2009) outlined one ecological perspective for such differences. They
proposed that chimpanzee ecology allowed for greater sustained attention to small parts of
the visual field versus the need for much more vigilant scanning of all areas within view for
primates such as capuchin monkeys that must be on the lookout for predators. Solving
mazes would require more focused attention to a small visual stimulus, and thus even
captive chimpanzees would have an advantage because of this predilection to sustained
attention.
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A second possibility is that chimpanzees benefit from greater general executive functioning
abilities because of their larger brain size, and thus can show the inhibition and planning
necessary to perform better on mazes. Brain size has been related to general cognitive ability
in a variety of tasks (Deaner, Isler, Burkart, & van Schaik, 2007; Rumbaugh & Pate, 1984),
and chimpanzees (and other apes) have the largest brains among primates. From this
perspective, chimpanzees should exceed all monkeys in their performance on this maze task.
From a more ecological perspective (that also has been linked to the selection for larger
brain size in apes), it may be that the fission-fusion dynamics of chimpanzee social groups,
that involve splitting and merging of members often and keeping track of many social
interactions, requires a higher degree of inhibition in a rapidly changing social environment
relative to the more stable and hierarchical environments of monkeys (see Amici, Aureli, &
Call, 2008). This greater inhibition might also serve to facilitate better performance in maze-
like tasks where acting in a prepotent manner without careful monitoring of the environment
leads to trouble.

Fragaszy et al. (2009) suggested that it would be informative to observe performance in
maze tasks by a primate species that differed in its vigilance (or distractibility) from both
chimpanzees and capuchin monkeys. Rhesus monkeys would be one potential species for
such a comparison. They have smaller brains than chimpanzees but larger brains than
capuchin monkeys (e.g., Rilling & Insel, 1999). They also sometimes show greater
executive functioning abilities in areas such as uncertainty monitoring compared to capuchin
monkeys (e.g., Beran, Perdue, & Smith, 2014; Beran & Smith, 2011; Beran, Smith,
Coutinho, Couchman, & Boomer, 2009). And, they perform similarly to chimpanzees on
other metacognition tasks (e.g., Call & Carpenter, 2001; Hampton, Zivin, & Murray, 2004)
but capuchin monkeys typically fail to match such performances (Basile, Hampton, Suomi,
& Murray, 2009). However, in other tasks such as prospective memory and monitoring
tasks, they perform equivalently to capuchin monkeys (e.g., Evans & Beran, 2012). Thus, it
would be informative to compare rhesus monkeys to capuchin monkeys and chimpanzees in
an effort to indirectly examine what ecological and biological factors may impact maze task
performance.

Experiment 1 — Nonhuman Primates

Participants

We tested seven adult male rhesus monkeys (Chewie: age 13; Gale: age 29; Han: age 10;
Hank: age 29; Luke: age 13; Murph: age 19; and Obi: age 9). Rhesus monkeys were housed
individually at the Georgia State University Language Research Center (LRC), but had
constant visual and auditory access to other nearby monkeys, in addition to a 24-hour period
with direct access to a compatible social partner once per week. All rhesus monkeys had 24-
hour access to water and were fed manufactured chow, fruits and vegetables daily between
1700 and 1800 hours.

We tested eight capuchin monkeys including four males (Griffin: age 15; Liam: age 9;
Logan: age 7; and Nkima: age 5) and four females (Gambit: age 16; Lily: age 15; Nala: age
10; and Wren: age 10). Capuchin monkeys were group housed at the LRC but voluntarily
shifted into individual enclosures for testing. All capuchins had 24-hour access to water and
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were fed manufactured chow following test sessions, as well as various fruits and vegetables
between 1600 and 1700 hours.

We tested 4 chimpanzees, including two males (Mercury: age 27; and Sherman: age 40) and
two females (Lana: age 43; and Panzee: age 28). All chimpanzees were housed together in
the same building at the LRC and spent time together in social groups daily, but they were
tested separately. Chimpanzees received a full diet of fruit, vegetables, and primate chow at
multiple times each day and had ad libitum access to water.

All primates had participated previously in multiple psychological experiments involving
the computerized test system used in this study (e.g., Beran, 2006, 2008; Beran, Evans,
Klein, & Einstein, 2012; Beran & Parrish, 2013; Beran & Smith, 2011; Beran & Washburn,
2002; Evans & Beran, 2012, 2014; Evans, Perdue, Parrish, & Beran, 2014; Klein, Evans,
Schultz, & Beran, 2013). All chimpanzees had some experience in working on computerized
mazes that looked different from the present mazes but that still involved moving to a goal
on a computer screen (Fragaszy et al., 2003, 2009). Some rhesus monkeys also had
performed different kinds of spatial detour tasks that approximated maze-like tasks (e.g.,
Menzel & Menzel, 2007). These capuchin monkeys had not performed any type of
computerized maze before this study. None of the animals, however, had ever performed a
computerized variation of a vertical maze where the cursor appeared to fall down the levels
of the maze.

Apparatus and Materials

The nonhuman primates were tested using the Language Research Center’s Computerized
Test System (LRC-CTS) comprising a personal computer, digital joystick, color monitor,
and pellet dispenser (Evans, Beran, Chan, Klein, & Menzel, 2008; Richardson, Washburn,
Hopkins, Savage-Rumbaugh, & Rumbaugh, 1990). Primates manipulated the joystick with
their hands to produce isomorphic movements of a small cursor on the computer screen.
Contacting stimuli with the cursor sometimes resulted in the delivery of a food reward.
Monkeys were rewarded with 45-mg (capuchins) or 94-mg (rhesus) banana-flavored chow
pellets (Bio-Serv, Frenchtown, NJ) via a pellet dispenser interfaced to the computer through
a digital 1/0 board (PDISO8A; Keithley Instruments, Cleveland, OH). Chimpanzees were
rewarded with fruit pieces delivered by hand by an experimenter who otherwise could not
see the computer screen and responded only to the feedback tones produced by the
computer. The task program was written in source code using Visual Basic 6.0.

Design and Procedure

Training—Training with the computerized maze program progressed through three phases.
In Phase 1 (Figure 1a), the maze consisted of a single level at the top of the computer screen,
with that level consisting of three bars, with gaps between the two end bars and the screen
edge, as well as between the middle bar and each end bar. The cursor randomly appeared on
one of the three bars (as if resting on top of it), and the goal location (a green rectangle)
appeared at the bottom of the screen in one of seven possible locations, although that
location on a given trial had to be in one of the possible locations to which the cursor could
fall. The subject moved the joystick to move the cursor left or right until it reached a gap at
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which point it fell downward automatically into contact with the goal or into empty space.
Contact with the goal led to a melodic chime and food reward whereas missing the goal led
to a buzz tone and a timeout period (8 seconds for chimpanzees, 20 seconds for monkeys)
before presentation of the next trial. Different timeout periods were used with different
species because these were the standard periods used with each species in other forms of
computerized testing. When a subject was correct on at least 12 of the most recent 15 trials,
they progressed to the next phase.

In Phase 2, there were two levels presented, and so now the cursor fell from a gap in the top
level of the maze to the next level of the maze, and then after being moved to another gap,
fell to the bottom of the screen and either landed on the goal or did not (Figure 1b). Thus,
subjects had to make two movements of the cursor to get it through the maze, whereas they
had to make one movement in the previous phase. The training criterion was the same, and
in Phase 3 a third level was added (Figure 1c). This trained the participants about the need to
make multiple movements through the maze, and also how to reverse the direction of the
cursor.

When a subject met criterion on Phase 3, the subject then moved to Phase 4 in which
vertical walls were introduced into the maze. These blocked lateral movement of the cursor
and forced a change in direction, and these trials were presented to teach the subjects about
how walls could block progress. Each participant was given extensive experience with these
mazes prior to moving to the formal test phase, and nearly all participants became quite
proficient with this phase of training (see Results).

Test Phase—Each maze now consisted of four levels (see Figure 2). As in training, the
cursor began on each trial at the top level, and the remaining screen area consisted of
parallel horizontal lines that contained gaps through which the cursor could pass to move
from higher to lower levels of the maze. Some of these gaps brought the cursor closer to the
goal, whereas others brought the cursor farther away from the goal. Gaps occasionally even
dropped into a trap (a bar section blocked by a vertical wall on each side) that prevented the
participant from completing the trial (e.g. see Figure 2b). Mazes were randomly designed,
and 100 unique mazes were generated. Each trial therefore varied in the start location of the
cursor, the goal location, the locations of the gaps, traps, and walls, and the number of
movements required.

Each maze could be objectively defined in terms of the number of critical choices needed,
and this number ranged from one to three choices. Critical choices were those for which an
incorrect choice led to a guaranteed (and irreversible) error, such as missing the goal when
the cursor finally reached the bottom of the maze, or falling into a trap. When participants
fell into a trap, the cursor remained active but could not go anywhere, and this continued
until a set time interval elapsed for the trial, after which the program provided a buzz tone,
cleared the screen, and began the timeout period. This interval was 30 seconds for the
chimpanzees, 60 seconds for the rhesus monkeys, and 90 seconds for the capuchin monkeys.
These values differed because of unique species’ responses to such delays, and because we
wanted an interval that would make falling into the traps sufficiently aversive to try to get
subjects to avoid those traps and to complete the mazes correctly. Chimpanzees were most
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likely to discontinue working the task altogether when delays were longer than 30 seconds,
and capuchin monkeys were most likely to keep working on trials even after experiencing
the 90 second interval.

Each maze also was classified as requiring a move away from the goal at one of these
critical choice points (“Away Trials”) or not requiring such a move (“Direct Trials”) In
Away Trials, the subject had to move the cursor in the opposite direction of the goal (e.g.,
move the cursor to the left even if the goal was located to the right of the cursor). Thus, a
subject had to see that continuing toward the goal would lead to an error on that level or a
future level of the maze (Figure 2b). Each critical choice point in a maze also could require
(or not) a reversal of cursor movement from the direction in which it had been heading
(“Reversal Trials”; Figure 2c). Reversal Trials did not necessarily require moving away
from the goal, but did require stopping movement in one direction that was ongoing at a
choice point and moving in the opposite direction. These reversals and moves reflected
motor control (and inhibition) of cursor movement and reflected the difficulty of negotiating
the maze from the perspective of controlling cursor movement and reversing ongoing
activity. Some mazes required a reversal and a move away from the goal, and these were
considered the most difficult mazes in the series (“Reversal + Away Trials”; Figure 2d).
Overall, each subject completed 200 trials (two trials with each of the 100 unique mazes,
with all 100 unique mazes being completed in the first block of trials and then being
repeated in the second block). Within these 200 trials, 48 trials were Away trials, 50 were
Reversal trials, and 38 were Reversal + Away trials. The remaining 64 trials were Direct
trials. These maze types were randomly presented from trial to trial.

In all phases of the experiment, chimpanzees typically worked on the task for 30 to 60
minutes per session, and monkeys worked on the task for two to four hour blocks of time.
Chimpanzees continuously worked with an experimenter present, and so they tended to stay
on task throughout the session although they occasionally took short breaks to drink water or
to watch other areas of the building. Monkeys worked on the automated system and rested
as they chose throughout the longer session. Thus, sessions were self-paced to a large degree
by the motivation of the animal to engage the task. This meant that different numbers of
trials were generated each session by each animal because of this freedom to work and rest
as they chose.

Training—Table 1 presents the number of sessions, total trials, trials at the final training
level, and percentage of trials correct at the final level. All subjects except for one capuchin
monkey (Wren) reached the final training phase, although performance at that level varied
greatly.

Test Phase—The chimpanzees each required two sessions to complete the 200 mazes. The
rhesus monkeys required 3 to 11 sessions (Chewie — 3; Gale — 8; Han — 4; Hank — 6; Luke —
11; Murph - 4; Obi — 5). The capuchin monkeys required 1 to 6 sessions (Griffin — 5; Liam
—3; Lily - 6; Logan — 1; Nala — 2; Nkima — 1; Widget — 5; Wren - 5).
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The first thing that we assessed was whether performance differed between the first and
second presentation of each specific maze, to determine if there were any learning effects
(Figure 3). None of the chimpanzees showed any improvement on the second presentation
of the mazes compared to the first presentation, all X2 (1, N = 200) < 1.0, p > .10. Only one
rhesus monkey (Chewie) showed a significant improvement, X2 (1, N = 200) = 4.5, p < .05,
whereas all other rhesus monkeys did not, X2 (1, N = 200) < 1.50, p > .10. Only one
capuchin monkey (Griffin) showed a significant improvement, X2 (1, N = 200) = 3.98, p<.
05. One capuchin monkey (Widget) performed significantly worse on the second
presentation of the mazes, X2 (1, N = 200) = 7.42, p < .05. All other capuchin monkeys
showed no difference in performance, X2 (1, N = 200) < 1.00, p > .10. Thus, experience
with a particular maze generally did not improve performance when seeing that same maze
for a second time in the current study, and so we collapsed across presentation block for all
remaining analyses.

To assess the degree of trial difficulty and its impact on the performance of species and
individuals, we separated all mazes into one of four categories as outlined in the Methods
section (Direct Trials, Reversal Trials, Away Trials, and Reversal + Away trials). Here, the
number of choice points was not relevant because the trials were defined on the basis of
their difficulty in terms of requiring (or not) moves away from the goal and reversals of
ongoing direction. This decision was made because it was found that an increase in critical
choices did not necessarily warrant an increase in difficulty. It would be possible for a maze
to have three critical choice points, but the correct choices at each point to be in the same
direction toward the end goal (see Figure 2A) which would subsequently be relatively easy
for a subject focused only on moving in the direction of the end goal. To analyze the effect
of these trial types on performance, we conducted a repeated measures ANOVA with maze
type as a within-subjects factor and species as a between-subjects factor. There was a
significant main effect of species, F(1, 16) = 631.2, p < .001, np? = .75, and a main effect of
maze type, F(3, 48) = 62.81, p < .001, np? = .80. However, these main effects were qualified
by a significant interaction between species and maze type, F(6, 48) = 7.66, p < .001, np? = .
49,

To better assess the differences in performance across maze types, we conducted paired t-
tests for all four maze types for each species. To control for family-wise error rate given the
repeated tests, we applied the Bonferroni correction and set alpha at .0083. The results of
these tests are shown in Table 2. Individual results for each member of each species are
shown in Figure 4 to provide information about how each animal performed. In general, all
members of the same species appeared to perform similarly, with the exception that two
capuchin monkeys (Widget and Wren) who were very poor performers overall.

Discussion

Chimpanzees clearly succeeded with all types of maze trials in this experiment. They were
nearly as proficient when they had to move away from the goal and when they had to
reverse directions, as when they did not need to do these things. Statistically, performance
was equivalent, although it is important to note that the sample size was small for
chimpanzees, and an examination of the data for individual chimpanzees in Figure 4 does
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show that performance sometimes did suffer for the more difficult trial types. Overall,
though, the data suggest that these four chimpanzees examined the mazes, noticed the
potential error-causing areas within the maze, and completed the mazes even when they
have to make multiple decisions within the maze. These data complement other tasks given
to chimpanzees that also show they are capable of some degree of planning (e.g., Fragaszy
et al., 2003, 2009; Vélter & Call, 2014a).

The monkeys were less proficient. Both species proved fairly capable when they could move
directly to the goal location and did not have to reverse cursor direction or move away from
the goal. Both species had particular difficulty when the mazes required them to move the
cursor away from the goal location (either independent of — or in combination with — having
to reverse directions), and this suggested rather limited abilities to plan movements through
this form of maze, perhaps as a result of behavioral inhibition problems or difficulty in
seeing future trouble spots within the maze. We return to these issues in the General
Discussion, where we compare the overall performances of all nonhuman primate species to
the performances of human children tested in Experiment 2.

Experiment 2 - Children

In Experiment 2, we gave children the same 100 unique mazes that the nonhuman primates
completed in the test phase of Experiment 1. This allowed us to directly compare children’s
performance against that of the nonhuman primates, and specifically to see if the same
factors predicted success or failure for children as they had for the nonhuman primates.
These data also were valuable in comparison to previous work using computerized or
manual mazes with children in tasks that could be compared to performances from
nonhuman species (e.g., Miyata et al., 2009; Tecwyn et al., 2013, 2014).

Participants

We tested 27 children ranging in age from 28 months to 66 months (13 females and 14
males). All children were tested at a local preschool near Atlanta, Georgia. Children were
tested during normal school hours. Experimenters brought pairs of children from their
classrooms to the testing room where they each worked on the task on a separate computer
and with the aid of a separate experimenter. Parents of the children consented to their
participation in the study, and children chose if they wanted to work with the experimenters,
and when they wanted to stop working during each session.

Materials

Children performed the task on laptop computers with digital joysticks using the same
computer program as the nonhuman primates. However, rather than food rewards, children
received visual and auditory feedback following correct/incorrect trials (i.e., happy/sad faces
and melodic/buzz tones). Additionally, children received a sticker and/or small toy of their
choice at the end of each test session as a reward for participating, regardless of how many
trials they completed correctly or incorrectly.
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Design and Procedure

Results

The experimenter sat next to the child and reminded them at the outset of each test session
that they needed to move the cursor down the maze and try to land on the green rectangle.
Otherwise, the experimenter only provided verbal praise for the child’s efforts, and also
sometimes interacted with the child to provide short breaks from working. All children
completed multiple sessions in the experiment, as they typically performed somewhere
between 10 and 30 mazes in a session.

One child (29 months of age) showed great difficulty manipulating the joystick while
looking at the computer screen, and so that child was removed from the study. The data
from that child were not included in the analyses. Twenty children completed all 100 mazes,
one time only, but six children did not finish the experiment because they left the school
during the study. Four of those children (ages 44, 62, 64, and 66 months) completed at least
50 mazes, and the remaining two children (28 and 60 months) completed 36 and 32 mazes.
We included the data from those children in all analyses. The mean number of test sessions
completed for this group of children was 5.5, with a range of 2 to 8 sessions.

To assess the degree of trial difficulty and its impact on the performance of individuals and
age groups, we again separated all mazes into one of four categories as outlined in the
Method section (Direct Trials, Reversal Trials, Away Trials, and Reversal + Away trials).
To analyze the effect of these trials types on performance, we conducted a repeated
measures ANOVA with maze type as a within-subjects factor and age group as a between-
subjects factor. For age groups, there was a clear point for splitting the children into older
and younger age groups. Of the 26 children in the analysis, 13 were 48 months or younger at
the start of the experiments, and 13 were 54 months or older. The results for these two age
groups for each condition are shown in Figure 5. There was a significant main effect of
maze type, F(3, 72) = 37.74, p < .001, np? = .61, and a main effect of age group, F(1, 24) =
9.12, p = .006, np2 = .27, with older children outperforming younger children. These effects
were qualified by a significant interaction of age group and maze type, F(3, 72) =4.65, p=.
005, np? = .16.

To investigate performance more closely, we conducted paired t-tests for all four maze types
for children in each age group. Given the repeated tests, we applied the Bonferroni
correction and set alpha at .0083. Younger children performed significantly better on Direct
trials than on Away Trials, t(12) = 4.85, p < .001, and significantly better on Direct trials
than on Reversal + Away Trials, t(12) = 10.51, p < .001. They also performed significantly
better on Away Trials than on Reversal + Away Trials, t(12) = 4.53, p = .001. With the
corrected alpha level, there was no significant difference between Direct trials and Reversal
Trials, t(12) = 2.87, p = .014. There also was no significant difference between Reversal
Trials and Reversal + Away Trials, t(12) = 2.85, p = .015, and there was no significant
difference between Reversal Trials and Away Trials, t(12) = 1.04, p = .32.

Older children performed significantly better on Direct trials than on Reversal Trials, t(12) =
4.38, p = .001 and better on Direct trials than on Reversal + Away Trials, t(12) = 4.68, p=.
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001. They also performed significantly better on Away Trials than on Reversal + Away
Trials, t(12) = 4.30, p = .001. There was not a significant difference between Direct trials
and Away Trials, t(12) = 1.96, p < .073, between Reversal Trials and Reversal + Away
Trials, t(12) = .17, p = .86, or between Reversal Trials and Away Trials, t(12) = 1.00, p=.
34.
Discussion

Across the age range of 28 months to 66 months, children were successful to varying
degrees in learning to perform these computerized mazes. Our opportunity to repeatedly test
the children so that many of them could complete as many as 100 of these mazes allowed us
to present a variety of different maze types as in Experiment 1. The results in some ways
paralleled those from the two monkey species in Experiment 1, but in other ways more
closely matched the performance of the chimpanzees. We discuss these comparisons in the
General Discussion in more detail.

It is important to note that there were some methodological differences that require caution
in making too direct a comparison between the performance of children and that of the
nonhuman primates. The children were verbally instructed as to the goal of the task whereas
the nonhuman primates had to learn this, and did so through hundreds of trials of exposure
to the training phases that we designed. The nonhuman primates also completed two trials
each of the 100 unique mazes instead of just one trial. Although there was not a difference
between first and second exposure to those mazes, this still meant there was a difference in
experience across the species. And, children did not work for food rewards whereas
nonhuman primates did, and this could have influenced their motivation to perform that task.

Our results matched previous reports that showed an effect of age on performance in other
variations of maze tasks (e.g., Miyata et al., 2009; Tecwyn et al., 2014). We had predicted
better performance for older children on this task as well, and that was the case for all
conditions except the easiest one. Thus, such maze tasks in computerized format, including
the need for responding through joystick use, can be a useful tool in assessing spatial
abilities and planning abilities in children.

General Discussion

Four species, including human children, a great ape (chimpanzees), an Old World primate
(rhesus monkeys) and a New World primate (capuchin monkeys) completed the same
computerized maze task in an effort to understand the relative competencies of these
species, and the degree to which certain aspects of maze presentation might disrupt
performance. The results were illuminating, specifically with regard to the role of inhibition
and anticipation of trouble spots within the maze that necessitated moving away from the
goal in order to reach it. These factors contributed differently to the performance of each
species although the overall trends among the four species were quite similar.

Among the nonhuman primates, the chimpanzees clearly performed the best. In fact, of all
species, the chimpanzees alone showed no significant differences among the four qualitative
kinds of mazes in terms of what behavioral responses were required in those mazes (i.e.,
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reversals, moves away from the goal, or both). However, it is important to note that only
four chimpanzees were tested, and these were highly experienced individuals in terms of
cognitive testing on computerized tasks, including some experience with computerized
planning tasks. And, a visual inspection of Figure 4 indicates that even the chimpanzees
showed apparent performance decrements for reversals and moves away from the goal
(especially Lana). But, overall, the chimpanzees seemed to show clear evidence that they
were investigating routes through the maze, because they anticipated the need to move away
from the goal sometimes, and they also showed the motoric inhibition needed to execute the
reversals. These chimpanzees showed better planning abilities than the monkeys, and in
particular may have excelled with regard to the inhibitory requirements of the task, even
relative to other apes given maze tasks (e.g., Tecwyn et al., 2013). For example, Iversen and
Matsuzawa (2001) found that chimpanzees preferred short paths toward a goal over long
paths to the goal even when the short path was blocked. And, Vélter and Call (2014a) noted
that chimpanzees sometimes struggled more when maze tasks involved direction reversals
than when they did not. The chimpanzees that were tested here did not seem to struggle as
much with these task demands, but this could be the result of our different kind of planning
maze rather than being something different about these chimpanzees. Despite some of these
performance differences, which may be the result of methodological variations, our
chimpanzees’ results overall complement those found in other kinds of tasks with
chimpanzees with regard to showing that chimpanzees do show some degrees of planning
behavior (e.g., Beran et al., 2004; Biro & Matsuzawa, 1999; Fragaszy et al., 2003; Iversen &
Matsuzawa, 2001; Volter & Call, 2014a).

The monkey species showed two consistent patterns. First, the need to reverse the cursor
direction at some point came at a performance cost relative to trials in which the cursor
could always move directly to the goal. Second, the need to move away from the goal added
another (seemingly larger) performance cost, and for most monkeys, trials with both
requirements were extremely difficult and were performed at the lowest levels. This
indicates that monkeys showed both inhibitory difficulties and difficulty anticipating trouble
spots that require moving away from the goal. A comparison of performance on the first and
second presentation of each maze indicated that performance did not improve with
experience with a specific maze, and so this may be a real limitation in monkey planning
abilities, although it remains to be determined if this limitation would hold for other testing
paradigms or after some attempt at remediation for these inhibitory difficulties (e.g.,
increased training and experience; see Fragaszy et al., 2009; Pan et al., 2011).

There are several potential explanations to account for the observed differences in monkey
and ape performance on these computerized mazes and previously reported differences (e.g.,
Fragaszy et al., 2003, 2009; Pan et al., 2011). The chimpanzees tested in our experiment
have participated in a number of automated maze experiments that vary in their degree of
difficulty and inhibitory requirements (Fragaszy et al., 2003; Menzel & Menzel, 2007).
These previous experiments provided the chimpanzees with more opportunities to learn
about the nature of navigating 2-dimensional mazes with a joystick and potential strategies
for doing so successfully (e.g., looking ahead to the end goal) in comparison to the monkey
species that we tested. Although this experience may have aided the chimpanzees’
performances, naive chimpanzees in other studies also have demonstrated higher
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performance levels in comparison to capuchin monkeys, and subsequently benefitted more
from practice in maze tasks than did monkeys (Fragaszy et al., 2009).

The chimpanzees outperformed the monkey species because they were better at inhibiting
movements towards the end goal if a maze required a change in direction or traveling away
from the goal for a correct response. If this was the main difference in performance, it would
suggest that the chimpanzees and monkeys might all perceive the correct routes through the
mazes, but that the monkeys were unable to complete the necessary inhibitory behaviors to
carry out the appropriate route. Alternatively, the monkeys may have failed to “plan ahead”
prior to maze completion, instead only attending to one level at a time and losing focus on
the whole maze. This greater susceptibility to distraction would lead to irreversible mistakes
in mazes that required changes in direction or moves away from the end goal. Although the
chimpanzees may have planned their route through the mazes more so than the monkeys,
more research is needed to explore this hypothesis (e.g., eye-tracking data during automated
maze completion). And, this difference does not necessarily hold across all tasks that assess
planning abilities. For example, capuchin monkeys and rhesus monkeys performed similarly
to chimpanzees on a sequential responding task that required sequencing visual stimuli in a
learned order, suggesting that the planning abilities between great apes and monkeys may be
more closely related in other kinds of tasks (Beran & Parrish, 2012; Beran et al., 2004).

There are also some biological and ecological aspects of these species that may have
contributed to performance differences in the current planning task. These include
differences in focused attention (versus vigilant scanning), differences in overall brain size,
and differences in social systems (fission-fusion versus stable hierarchies). Fragaszy et al.
(2009) proposed that wild capuchin monkeys, being smaller-bodied animals than
chimpanzees, must engage in much more vigilant scanning of all areas within view to be on
the lookout for predators, whereas chimpanzees can afford to focus greater sustained
attention to small parts of the visual field without risk of predation. Rhesus monkeys are
significantly larger than capuchin monkeys, but they are still occasionally preyed upon
(Fooden, 2000), and therefore may also divide their attention between what is happening in
front of them and what is happening around them. Thus, chimpanzees may have
outperformed both monkey species in the current maze task because they were better able to
focus their attention on the path of the cursor long enough to foresee upcoming pitfalls.

A second possibility is that chimpanzees outperformed the monkey species because they
have larger brains and benefit from greater general executive functioning abilities, and thus
can show the inhibition and prospection necessary to perform better on mazes. Greater
executive capacities such as inhibition may have emerged in chimpanzees because of their
greater need to track the splitting and merging of groups members that often occurs in
fission-fusion social systems, relative to the more stable and hierarchical environments of
monkeys (Amici et al., 2008). This greater inhibition, in particular, may have served to
facilitate better performance in our maze-like task where acting in a prepotent manner
without careful monitoring of the environment led to task failure.

In terms of absolute performance levels, children matched the performance of chimpanzees.
Many of the children completed 80% or more of the mazes correctly, and some did so even
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for the mazes requiring reversals or moves away from the goal. Older children performed
better than younger children, although both groups showed the same negative effects of the
requirement for a reversal or a move away from the goal, although those two requirements
produced about the same general degree of performance decrement. These two
manipulations required a greater degree of behavioral inhibition and anticipation,
respectively, than the Direct maze trials. As with the monkeys, there seems to be a clear
relation between inhibition and performance on these kinds of mazes, but the question is
whether the need to plan routes through the mazes disrupts the inhibitory skills, or whether
the difficulties with inhibition produce the troubles in performance with the mazes. As noted
by Tecwyn et al. (2014), testing children on other tasks requiring behavioral inhibition as
well as mazes that require planning routes could be highly informative about the role of
inhibition in planning, and also about how much having to plan can tax inhibitory processes
and vice versa (McCormack & Atance, 2011). Our data echo this idea, and suggest that there
is a clear link across numerous species in the general inhibitory abilities and planning
abilities of individuals.

Ideally, one could measure the eye tracking behavior of children and nonhuman primates
during this task, as has sometimes been done in other test paradigms (e.g., Scarf &
Colombo, 2009; Scarf, Terrace, Colombo, & Magnuson, 2014), but we did not have the
ability to do that in this experiment. Anecdotally, the children often made spontaneous
verbal announcements about the mazes and their actions within the maze. Specifically,
children sometimes noted that they saw a trouble spot further in the maze (e.g., “if | keep
going that way, | will fall into the trap”), or they announced the general difficulty of the
maze (e.g., “I have to go slow here so I do not fall off the edge and lose”). They also
sometimes pre-traced their routes through the maze with a finger, or just by saying things
such as “first | will go that way, but then | have to go the other way before turning back
again.” These behaviors and verbal reports indicated attempts to plan successful routes
through the maze, and undoubtedly contributed to better performance. Future research could
more carefully control the use of such verbal or motoric anticipatory route planning, and
perhaps use such behaviors as a means to facilitate inhibition and promote better
performance on complicated mazes.

In summary, four species of primates, including human children, showed variable degrees of
success with computerized mazes that required, in some cases, anticipation of future
responses for correct maneuvering of the full maze, and also varying degrees of inhibition of
movement for successful completion of the mazes. Children and chimpanzees outperformed
monkey species, likely due to better inhibition and greater skill at recognizing the need to
avoid future trouble spots before they were encountered. However, within each species (and
across ages in children) there was variability in performance, suggesting that a number of
other cognitive processes may influence planning processes and also may be influenced by
the use of such processes. Clear candidates are various inhibitory processes, but at least for
children there also may be some verbal processes such as talking aloud about the mazes
prior to completing the mazes that affect performance. This study showed the viability of a
“vertical” maze under joystick control as a comparative tool for assessing such processes,
and for providing more insights into future oriented and motoric behaviors.
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Figure 1.
Training mazes from the study. The small circle on the top row is the cursor, and the solitary

rectangle at the bottom of each image is the goal location. A. Phase 1. B. Phase 2. C. Phase

3.

C
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Example test mazes. A. Direct Trial. B. Away Trial. C. Reversal Trial D. Reversal + Away

Trial
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Figure 3.

Comparison of performance for each nonhuman primate for the first and second presentation
of all mazes.
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Comparison of the four maze types for each nonhuman primate species. Chimpanzees are

shown in the top panel, rhesus monkeys are shown in the middle panel, and capuchin

monkeys are shown in the bottom panel.
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Figurebs.
Comparison of the four maze types for children separated into a Young age group (48

months and younger) and an Old age group (54 months or older).
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Comparison of performance in each pairing of maze conditions for each species in Experiment 1 with Alpha
=.0083 (Bonferonni correction)

Chimpanzees Reversal Away Reversal + Away
Direct t(3)=-.67,p=.878 | 4(3)=3.81,p=.032 | t(3)=3.64, p=.036
Reversal t(3) =4.58,p=.020 | t(3)=3.10, p=.053
Away t(3) = 1.40, p=.255
Capuchin monkeys Reversal Away Reversal + Away
Direct t(7) =2.47,p=.043 | t(7)=7.37,p<.001 | t(7)=7.00, p=.001
Reversal t(7) =8.10, p<.001 | t(7) =9.00, p <.001
Away t(7)=.23,p=.83
Rhesus monkeys Reversal Away Reversal + Away
Direct t(6) = 3.94, p =.008 | t(6)=9.56, p<.001 | t(6)=6.09, p=.001
Reversal t(6) =4.83,p=.003 | t(6) =5.62, p=.001
Away t(6) = 2.24, p = .066
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