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Abstract In the current study, we examined the planning
abilities of rhesus monkeys (Macaca mulatta) by training
them on a Wve-item list composed of coloured photographs
and then testing them on switch and mask trials. In contrast
to previous studies where monkeys made responses using a
joystick, in the current study, monkeys made responses
directly to a touch screen. On switch trials, after a response
to the Wrst list item, the on-screen positions of two list items
were exchanged. Performance on trials in which the second
and third list items were exchanged was poorer compared
to normal (non-switch) trials for all subjects. When the
third and fourth items were exchanged, however, only one
subject continued to show performance deWcits. On mask
trials, following a response to the Wrst item, the remaining
items were covered by opaque white squares. When two
items were masked, all four subjects responded to each
masked item at a level signiWcantly above chance. When
three items were masked, however, only one subjected was
able to respond to all three masked items at a level signiW-
cantly above chance. The results of the present study indi-
cate that three of our four monkeys planned one response
ahead while a single monkey planned two responses ahead.

The signiWcance of these Wndings is discussed in relation to
previous studies on planning in chimpanzees and monkeys.

Keywords Planning · Serial order · Simultaneous chain

Introduction

Recently, comparative psychologists have developed para-
digms to investigate whether nonhuman animals share our
ability to plan (e.g. Beran et al. 2004; Biro and Matsuzawa
1999; Correia et al. 2007; Inoue and Matsuzawa 2007,
2009; Mulcahy and Call 2006; Ohshiba 1997; Osvath 2009;
Osvath and Osvath 2008; Paxton and Hampton 2009; Raby
et al. 2007; Scarf and Colombo 2009, 2010). One of the
most frequently used paradigms is the simultaneous chain-
ing paradigm (Terrace 1984), which has been used to test
the planning abilities of a range of species (Humans: Cook
and Wilson 2010; Silberberg and Kearns 2009, Chimpan-
zees: Biro and Matsuzawa 1999; Inoue and Matsuzawa
2007, 2009; Kawai 2001; Kawai and Matsuzawa 2000,
Monkeys: Beran et al. 2004; Ohshiba 1997; Scarf and
Colombo 2009, and Pigeons: Scarf and Colombo 2010).
The basic paradigm presents subjects with n number of
simultaneously displayed stimuli. The subject’s task is to
respond to these stimuli in a prescribed order learnt during
training. For ease of exposition, we refer to the stimuli with
letters of the alphabet, and the order in which they should
be pressed with an arrow. Thus, the order of responses to a
list of Wve items is shown as A ! B ! C ! D ! E.

Matsuzawa and colleagues have conducted a series of
experiments on the planning abilities of chimpanzees using
variations of the simultaneous chaining paradigm. In the
Wrst of these, Biro and Matsuzawa (1999) trained their
female chimpanzee Ai to respond to three numerals, ranging
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from 0 to 9, in ascending order. Once Ai had acquired
this task, ‘switch trials’ were introduced. On switch trials,
following a response to the Wrst item (A), the positions of
the second (B) and third (C) items were exchanged. Ai’s
accuracy on switch trials was signiWcantly lower than on
normal (non-switch) trials (45% vs. 90%). Also, Ai’s
response time to the second numeral on successfully com-
pleted switch trials was signiWcantly longer than the
response time to the second numeral on normal trials
(t900 ms vs. t500 ms). Biro and Matsuzawa (1999) sug-
gested that Ai’s lower accuracy on switch trials was the
result of her executing a response plan formed at the start of
a trial. Similarly, the higher response latency to the second
item on correct switch trials was thought to reXect Ai
updating the response plan. By “response plan”, we mean
that at the start of each trial, the subject encodes the spatial
position of each list item and then prepares an appropriate
sequence of motor responses.

Matsuzawa and colleagues have also trained six chim-
panzees on a ‘mask task’ (Inoue and Matsuzawa 2007,
2009; Kawai and Matsuzawa 2000). On this task, when a
subject responds to the Wrst item, the remaining items are
covered by opaque white squares. In order to pass this task,
the subject must use the response plan formed at the outset
of a trial to guide responding. On each trial, when a masked
item is responded to correctly, the item disappears from the
display leaving only the to-be-responded-to items onscreen.
Because the masked items disappear, when the subjects
reach the last item of a list, it is the only item left onscreen
and is thus always responded to correctly. Accordingly,
when we report the number of masked items a subject can
respond to the Wnal item is excluded. Regarding Matsuzawa
and colleague’s chimpanzees, their performance ranged
widely across subjects. Two of the chimpanzees (Chloe and
Pan) could only respond to a single masked item signiW-
cantly above chance, two (Pal and Ai) were able to respond
to four, one (Cleo) was able to respond to Wve and one
(Ayumu) subject was able to respond to seven.

Beran and colleagues conducted a similar set of experi-
ments with their chimpanzees and monkeys. With respect
to switch trials, Beran et al. (2004) switched the positions
of the second and third items within a Wve-item list. That is,
following a response to the Wrst item (A), the positions of
the second (B) and third (C) items were exchanged, while
the positions of the fourth (D) and Wfth items (E) remained
the same. Similar to Ai, the monkeys and chimpanzees per-
formed markedly worse on switch trials compared to nor-
mal trials (Chimpanzees: 75% vs. 89%; Monkeys: 37.5%
vs. 55%). On mask trials, the chimpanzees (with the excep-
tion of one chimpanzee that could respond to two masked
items) and monkeys only responded signiWcantly above
chance to the Wrst masked item, accuracy to the second and
third masked items was no diVerent from chance.

Given that many of Matsuzawa and colleagues chimpan-
zees were able to respond to between four and seven masked
items, it is interesting that, with the exception of one subject,
Beran et al.’s chimpanzees and monkeys were only able
respond to one masked item. A potential reason for this
marked diVerence is that Beran et al. (2004) had their subjects
respond using a joystick-controlled cursor, while Matsuz-
awa’s chimpanzees responded using a touch screen. Although
this may appear to be a trivial issue, it is possible that this
subtle diVerence represents what Bitterman (1965) referred to
as a contextual variable, that is, a non-cognitive factor that is
responsible for the observed diVerences in performance on a
task. For example, as noted by Beran et al. (2004), it is possi-
ble that, because it takes longer to make a response with a
joystick than it does with a touch screen, Beran et al.’s sub-
jects had less information available in working memory than
Matsuzawa and colleagues chimpanzees. Another possibility
is that the spatial discontiguity created by using a joystick-
controlled cursor impaired the performance of Beran et al.’s
subjects. Indeed, studies with both chimpanzees and monkeys
have shown that performance on cognitive tasks is adversely
aVected when there is a large degree of stimulus–response
spatial discontiguity (Iwai et al. 1986; Meyer et al. 1965;
Yaginuma and Iwai 1986).

It is possible that if Beran et al. (2004) had trained their
subjects on a touch screen, some of their subjects would
have shown performance levels comparable to those of
Matsuzawa and colleagues chimpanzees (Inoue and
Matsuzawa 2007, 2009; Kawai and Matsuzawa 2000). To
address this possibility, in the present experiment, we
investigated the planning abilities of four monkeys when
the stimuli were presented on a touch screen.

Method

Subjects and apparatus

The subjects were four 15-year-old male rhesus monkeys
(Benedict, Horatio, Oberon, and Prospero). All of the mon-
keys had extensive experience at ordering arbitrary and
numerical stimuli (e.g. Brannon et al. 2006; Brannon and
Terrace 2000; Kornell and Terrace 2007; Subiaul et al.
2004; Terrace et al. 2003). The monkeys were housed in a
colony room at the New York State Psychiatric Institute in
accordance with the National Institutes of Health guide-
lines. The monkeys were neither water nor food deprived
during the experiment. In addition to the food they obtained
during each experimental session, subjects were fed a
mixed diet of high-protein monkey chow (Ralston Purina,
Richmond, IN) and various fruits.

Training and testing were conducted in four operant
chambers. The chambers measured 33 in. high, 28.5 in.
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long and 27 in. wide. The back and two side walls of the
chamber were stainless steel. The front wall of the chamber
housed a 15-in. 3 M MicroTouch™ touch screen, and two
speakers located on the top right and top left of the touch
screen. Positioned in front of the touch screen was a trans-
parent Perspex panel that contained 16 (4 by 4 matrix)
equally spaced rectangular cut outs (1.5 in. by 2 in.) that
corresponded to the 16 positions at which stimuli could
appear. A Gerbrands pellet dispenser was Wtted to the out-
side of each chamber. Each touch screen and pellet dis-
penser was controlled by a Macintosh G5 desktop
computer. Reinforcers were 190-mg Noyes (Noyes, Lan-
caster, NH) banana Xavoured pellets.

Procedure

Subjects learnt a single Wve-item list composed of Wve col-
oured digital images (1.5 in. by 2 in.). The list was com-
posed as follows: Man ! Tree ! Parrot ! Slippers !
Glass Cube. All Wve items were displayed from the very
start of training with monkeys learning the correct item
order through the process of trial and error. In the Wrst
phase of training, the paradigm followed that used by Ter-
race et al. (2003), with the stimuli remaining on the screen
throughout each trial. Subjects were trained until they
reached the criterion of 60% or more correct responses in a
single session. In this phase, the chance of responding to
the Wrst item correctly is one in Wve (20%), and the chance
of responding to each of the remaining items correctly is
one in four (25%). The reason the chance value for the Wrst
item is diVerent to that for all subsequent items is because
repeat responses are not counted as errors. The chance
probability of responding correctly to all Wve stimuli is
0.08%. In the second phase of training, the paradigm fol-
lowed that used by Matsuzawa and colleagues (e.g. Inoue
and Matsuzawa 2009), with the stimuli disappearing fol-
lowing a correct response. In this phase, the probability of
responding correctly by chance to the Wrst item is 0.20, to
the second 0.25, to the third 0.33, to the fourth 0.50 and to
the Wfth item 1.0. Thus, the chance probability of respond-
ing correctly to all Wve stimuli is 0.8%. Subjects were
trained on this phase until they reached a criterion of 70%
or more correct responses. In both phases, the spatial posi-
tion of items was varied from trial to trial to ensure that
subjects did not learn a rote motor sequence. With Wve
stimuli and 16 possible positions, there are a total of
524,160 possible conWgurations.

Switch condition

Once the monkeys had reached criterion on the second
phase of training, switch trials were introduced. Now, each
60-trial session consisted of 54 normal (non-switch) trials

and 6 switch trials. Three switch types were used, the sec-
ond (B) and third (C) items exchanging places (BC switch),
the third (C) and fourth (D) items exchanging places (CD
switch) and Wnally the fourth (D) and Wfth (E) items
exchanging places (DE switch). On switch trials, when a
monkey made a response to the Wrst item (A), the respec-
tive switch items exchanged places. For example, on DE
switch trials, after a response to item A, the positions of
items D and E were exchanged. Importantly, the brief stim-
ulus blink created on switch trials was replicated on normal
trials by, after a response to A, having the respective switch
items disappear and then reappear in the same positions.
Each switch type was run for 10 consecutive sessions start-
ing with the BC switch, followed by the CD switch, and
Wnishing with the DE switch. Across the ten sessions on
each switch type, there were a total of 540 normal trials and
60 switch trials.

Mask condition

After completing the switch condition, the monkeys were
moved immediately to the mask condition. Each session
was composed of 60 mask trials. On mask trials, following
a response to item A, all of the remaining list items were
replaced by white squares. In the Wrst phase of training,
only items A and B were presented. When the subject
responded to item A, item B was masked. In the second,
third and fourth phases of training, subjects were trained
with three (A ! B ! C), four (A ! B ! C ! D) and
Wnally Wve items (A ! B ! C ! D ! E). Transition
between phases was dependent on subjects responding at or
above 70% to each masked item. For example, in order to
reach criterion with four items, subjects had to respond cor-
rectly to items B, C and D on at least 70% of the trials
within a single session.

Results

Training

All four monkeys quickly reached the 60% criterion in the
Wrst phase of training in which the items remained on the
screen for the duration of the trial. Trials to criterion for
Benedict, Horatio, Oberon and Prospero were 240, 1,200,
120 and 1,020, respectively. Subjects also quickly trans-
ferred to the second phase of training, when an item disap-
peared following a correct response, requiring on average
just 135 trials (range 60–180). The performance of our sub-
jects on this stage is particularly impressive when com-
pared to the time taken by Beran et al. (2004) subjects to
acquire a Wve-item list (Experiment 2). Their three chim-
panzees, Lana, Sherman and Mercury, required 1,710,
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2,000 and 1,480 trials, respectively, to reach a 70% crite-
rion. Their two monkeys, Baker and Willie, required 7,035
and 5,593 trials, respectively. It is important to remember,
however, that the subjects in the present study were much
more experienced in ordering lists of arbitrary items than
the subjects in the Beran et al. (2004) study (e.g. Brannon
et al. 2006; Terrace et al. 2003).

Switch condition

All subjects performed signiWcantly better on normal trials
than on BC switch trials, in which the second and third
items exchanged places, (Fig. 1a, Benedict: t(9) = 4.23,
P = 0.002; Horatio: t9 = 12.01, P < 0.001; Oberon:
t9 = 5.10, P = 0.001; Prospero: t9 = 2.85, P = 0.019). On
BC switch trials, if subjects were planning a sequence of
responses at the outset of a trial, we would expect them to
make a larger number of ‘planning errors’. On BC switch
trials, a planning error was deWned as a correct response to
A followed by a response to C. Indeed, all subjects made
signiWcantly more planning errors on BC switch trials than
normal trials (Fig. 2a, Benedict: t9 = 2.51, P = 0.033; Hora-
tio: t9 = 7.09, P < 0.001; Oberon: t9 = 3.94, P = 0.003;
Prospero: t9 = 3.35, P = 0.009). With respect to response
latencies on correct BC switch trials, all subjects took sig-
niWcantly longer to respond to item B on switch trials com-
pared to normal trials (Fig. 3a, Benedict: t8 = 3.54,
P = 0.008; Horatio: t7 = 5.56, P = 0.001; Oberon: t9 = 5.28,
P = 0.001; Prospero: t9 = 3.10, P = 0.013). Together, the
poorer performance, higher number of planning and longer
response latencies to item B on BC switch trials suggests
that all subjects were planning at least a response to B at the
start of a trial.

In contrast to the poor performance by all subjects on
BC switch trials, only one subject (Benedict) made signiW-
cantly more errors on CD switch trials compared to normal
trials (Fig. 1b, Benedict: t9 = 3.96, P = 0.003; Horatio:
t9 = 1.49, P = 0.17; Oberon: t9 = 0.38, P = 0.71; Prospero:
t9 = 0.65, P = 0.53). On CD switch trials, a planning error
was deWned as correct responses to A and B followed by a
response to D. Similar to the trial accuracy data, only Bene-
dict made signiWcantly more planning errors on CD switch
trials than on normal trials (Fig. 2b, Benedict: t9 = 2.73,
P = 0.023; Horatio: t9 = 0.56, P = 0.96; Oberon: t2 = 1.64,
P = 0.24; Prospero: t9 = 0.18, P = 0.86). With respect to
response latencies on correct CD switch trials, two subjects
(Benedict and Oberon) took signiWcantly longer to respond
to item C on switch trials when compared to normal trials
(Fig. 3b, Benedict: t9 = 2.96, P = 0.016; Horatio: t9 = 0.87,
P = 0.41; Oberon: t9 = 3.57, P = 0.006; Prospero: t9 = 1.81,
P = 0.10). It is interesting that for Oberon, the CD switch
did not aVect trial accuracy or the frequency of planning
errors, but did have a signiWcant eVect on response latency.

This suggests that response latency may be a more sensitive
measure than either trial accuracy or the percentage of plan-
ning errors. Taken together, however, Benedict was the
only subject to show a consistent eVect across all three
measures.

Before we conclude that Benedict was the only subject
to plan a response to C at the start of a trial, we must
address one issue that may explain our failure to Wnd con-
sistent evidence that any of our other three subjects were
planning a response to C. It is possible that our other three
subjects failed to display evidence of planning a response to
C because they had habituated to the BC switch condition
that preceded the CD switch condition. According to this
view, our subjects failed to show evidence of planning a
response to C in the CD switch condition because during
the BC switch condition, they learnt how to respond cor-
rectly on switch trials. In order to rule out this possibility,
we compared the Wrst Wve sessions to the last Wve sessions
for each of our three performance measures separately for
each subject. If our subjects did habituate to the BC switch
condition, then we would expect to Wnd a diVerence

Fig. 1 Percent correct on normal and switch trials for the BC switch
(a), CD switch (b) and DE switch (c). SigniWcant diVerences in perfor-
mance are indicated with an asterisk
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between the Wrst Wve sessions and the last Wve sessions. For
no subject was there a signiWcant diVerence between the
Wrst Wve sessions and the last Wve sessions for accuracy
(Benedict: t4 = 0.22, P = 0.84; Horatio: t4 = 0.54, P = 0.62;
Oberon: t4 = 0.05, P = 0.96; Prospero: t4 = 1.34, P = 0.25),
the percentage of AC planning errors (Benedict: t4 = 0.17,
P = 0.88; Horatio: t4 = 0.83, P = 0.46; Oberon: t4 = 0.44,
P = 0.68; Prospero: t4 = 1.27, P = 0.28), or response latency
to B on correct trials (Benedict: t3 = 1.24, P = 0.3; Horatio:
t2 = 0.36, P = 0.75; Oberon: t4 = 1.16, P = 0.31; Prospero:
t4 = 0.52, P = 0.63). The absence of a signiWcant diVerence
between the Wrst Wve sessions and the last Wve sessions for
any of the three performance measures suggests that our
subjects did not habituate to the BC switch and suggests
that the absence of any consistent impairment in perfor-
mance for three of our subjects on the BC switch condition
was due to them not planning a response to C at the start of
a trial.

On DE switch trials, only one subject’s performance
(Prospero) was signiWcantly diVerent on switch DE trials
than on normal trials (Fig. 1c, Benedict: t9 = 1.00, P = 0.34;

Horatio: t9 = 0.71, P = 0.5; Oberon: t9 = 1.17, P = 0.27; Pros-
pero: t9 = 2.77, P = 0.022). The direction of the diVerence,
however, was in the opposite direction of what we would
predict if the diVerence was due to planning. Prospero actu-
ally performed slightly better on switch DE trials than on
normal trials (97% correct vs. 100%). In fact, Prospero per-
formed without error on switch DE trials. On DE switch tri-
als, a planning error was deWned as correct responses to A, B
and C followed by a response to E. Because Prospero made
no errors on switch DE trials, we could not make a compari-
son between switch DE trials and normal trials. For the
remaining three subjects, there was no diVerence in the num-
ber of planning errors made on switch DE trials compared to
normal trials (Fig. 2c, Benedict: t8 = 0.98, P = 0.36; Horatio:
t9 = 0.24, P = 0.82; Oberon: t3 = 1.41, P = 0.26). With
respect to response latency, only one subject’s (Benedict)
response time to D on switch trials was signiWcantly longer
than that on normal trials (Fig. 3c, Benedict: t9 = 5.24,
P = 0.001; Horatio: t9 = 0.57, P = 0.58; Oberon: t9 = 1.80,
P = 0.11; Prospero: t9 = 1.99, P = 0.078). Taken together, the
absence of a consistent eVect across the three measures for

Fig. 2 Percent of planning errors on normal and switch trials for the
BC switch (a), CD switch (b) and DE switch (c). SigniWcant diVer-
ences in performance are indicated with an asterisk

Fig. 3 Latency to the Wrst switch item on normal and switch trials for
the BC switch (a), CD switch (b) and DE switch (c). SigniWcant diVer-
ences in performance are indicated with an asterisk
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any subject suggests that subjects were not planning a
response to item D at the start of a trial.

Mask condition

The performance of subjects on the mask condition is
shown in Table 1. On the three-item mask, in which items
B and C are masked, all subjects reached the criterion of
70% or more correct responses to item B (P < 0.05, bino-
mial test). On the four-item mask, however, only one sub-
ject (Benedict) reached the criterion within the 40 sessions
(2,400 trials) on which subjects were trained. As shown in
Table 1, Horatio, Oberon and Prospero responded above
chance to the Wrst masked item (B) but their performance
feel to chance on the third. In contrast, Benedict performed
at 97% and 77% to the two critical masked items (B and C)
on his criterion session. Due to the failure of Horatio,
Oberon and Prospero on the four-item mask condition, only
Benedict was run on the Wnal Wve-item mask phase. Bene-
dict was unable to reach criterion on the Wve-item mask
within the 45 sessions (2,700 trials) he was run for. As
shown in Table 1, Benedict continued to respond above
chance to the second and third masked item but feel to
chance on the fourth.

Discussion

The results of the present study are very similar to those of
Beran et al. (2004). On BC switch trials, all four subjects
were less accurate, made a larger number of planning errors
and showed longer response latencies to B. This perfor-

mance mirrors that of Beran et al.’s (2004) three chimpan-
zees and two monkeys. On CD switch trials, only one of
our four subjects (Benedict) was less accurate, made a
larger number of planning errors and showed longer
response latencies to C. Again, when Beran et al. (2004,
Experiment 5) ran their subjects on a CD switch condition,
they found that only one of their two monkeys made signiW-
cantly more planning errors on CD switch trials than on
normal trials (overall performance and response latencies to
C were not reported). On the DE switch trials, there were
no consistent eVect across the three performance measures
for any of our four subjects. Although our switch condi-
tions were modelled after those used by Beran et al. (2004),
it is important to note that we would have expected the
same results had we switched the positions of nonadjacent
items. For example, if we ran a BD switch condition, we
would have expected results comparable to those we found
with the BC switch condition, and if we ran a CE switch
condition, we would have expected results comparable to
the CD switch condition.

With respect to the mask condition, the success of our
subjects followed exactly what one would predict if perfor-
mance on the BC, CD and DE switch conditions reXected
the degree to which a subject was planning. On the three-
item mask, which corresponds to the degree of planning
required to show performance deWcits on the BC switch, all
four subjects were able to reach the criterion of 70% or
more correct responses to item B. On the four-item mask,
which corresponds to the degree of planning required to
show performance deWcits on the CD switch, only Benedict
was successful. When trained on the Wve-item mask, Bene-
dict was able to accurately respond to the Wrst two masked
items (B and C) but feel to chance on the fourth (D). Bene-
dict’s performance is identical to that of a single subject in
Beran et al.’s (2004) study. The comparable performance of
our subjects and Beran et al.’s (2004) subjects shows clearly
that their results cannot be attributed to the use of a joystick.

In the present experiment, we trained subjects on the
switch conditions before transferring them to the mask con-
dition. An interesting question is: Had we trained subjects
on the mask condition Wrst would our monkeys have dis-
played greater evidence of planning on the switch condi-
tions? For example, had we trained subjects on the mask
condition Wrst would a greater number of subjects have
shown consistent eVects across the three measures on the
CD switch? We think this is unlikely due to the fact that the
BC, CD and DE switch conditions perfectly predicted the
performance of subjects on the mask condition. Indeed,
there was no evidence that on the mask condition, any sub-
ject ascended beyond the level of planning they display on
the switch condition.

The subjects in the present study, two of Inoue and
Matsuzawa’s (2007, 2009) subjects, and Beran et al.’s

Table 1 Performance on the mask task for the three-item, four-item
and Wve-item lists

Performance that is signiWcantly above chance (P < 0.05) is indicated
with an asterisk

Subject List 
length

Percent correct Total

Trials A B C D E

Benedict 3 180 100* 70* 100* – – 70

4 660 97* 97* 77* 100* – 72

5 2,700 95* 95* 57* 52 100* 27

Horatio 3 240 98* 73* 100* – – 72

4 2,400 97* 88* 53 100* – 45

5 – – – – – – –

Oberon 3 1,800 100* 72* 100* – – 72

4 2,400 100* 95* 46 100* – 43

5 – – – – – – –

Prospero 3 1,320 98* 71* 100* – – 70

4 2,400 90* 69* 59 100* – 37

5 – – – – – – –
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(2004) subjects, were all only able to respond to one or two
masked items. In contrast, four of Inoue and Matsuzawa’s
(2009) chimpanzees were able to respond to between four
and seven masked items. An important question is what
separates the majority of subjects that are only able to
respond to a few masked item and the subjects able to
respond to many masked items? One possibility is that
these two groups are using diVerent strategies. Two strate-
gies have been proposed to account for the performance of
nonhuman primates on the mask task, a planning strategy
and an eidetic strategy. As we noted in the introduction, a
planning strategy is one in which a subject scans the array
of list items at the start of each trial, encodes each items
spatial position and then plans a sequence of motor
responses (Kawai 2001; Ohshiba 1997). In contrast, an
eidetic strategy is where a subject encodes an image of the
item display before the items are masked and then uses that
image to guide responding (Haber 1969, 1979; Inoue and
Matsuzawa 2007; Jaensch 1930). Because the planning
strategy requires a subject to encode information about
each item separately, the number of masked items a subject
can respond to is constrained by the capacity of working
memory. A subject using an eidetic strategy does not face
this same limitation because the subject encodes a single
image that contains information about all of the list items.

The fact that the subjects in the present study, two of
Inoue and Matsuzawa’s (2007, 2009) subjects, and Beran
et al.’s (2004) subjects, were only able to respond to a one
or two masked items suggests to us they were using a plan-
ning strategy. In contrast, the performance of Inoue and
Matsuzawa’s (2009) four best chimpanzees suggests that
they were using an eidetic strategy. Of course, we cannot
rule out the possibility that the marked diVerences in per-
formance on the mask task merely reXect diVerences in
working memory capacity. However, we believe that the
diVerent strategies interpretation provides a more parsimo-
nious explanation of the data for three reasons. First, the
fact that majority of subjects were only able to respond to
one or two masked items accords well with studies on the
limits of serial recall in nonhuman primates (Barone and
Joseph 1989; Botvinick et al. 2009; Devine and Jones 1975;
Devine et al. 1979; Funahashi et al. 1997; Ninokura et al.
2003). Second, an analysis of the response time data from
our monkeys revealed that as the number of masked items
in the list increased, response time to the Wrst item also
increased. This relationship is consistent with a planning
interpretation as the greater the number of items in the list
the more time a subject would need to formulate their
response plan. A look the Wrst-item response latencies for
Inoue and Matsuzawa’s (2007, online supplemental meth-
ods) best performing chimpanzees revealed that, if any-
thing, response time to the Wrst item actually decreased as
the number of masked items increased. Obviously, this

Wnding is not consistent with a planning interpretation. It is
important to note that although we attribute the increase in
our monkeys’ Wrst-item response latency to planning, it is
possible that it is due to other factors. For example, as list
length increases the number of items, a subject must scan to
locate the Wrst item also increases, and this would produce
the same increase in Wrst-item response latency that we
have attributed to planning.

Our third and Wnal reason why we believe our diVerent
strategies interpretation is correct is based on the age of
Inoue and Matsuzawa’s (2007) chimpanzees. The three best
performing chimpanzees, who were able to respond to
between four and seven masked items, were all young
(7 years of age) while the two chimpanzees only able to
respond to a single masked item were adults. This Wnding
corresponds well with studies of eidetic imagery in humans
that suggest eidetic imagery is present in some human chil-
dren but is essentially absent in adults (Haber 1969, 1979;
Jaensch 1930).

Recently, studies with adult human subjects have cast
doubt on the hypothesis that Inoue and Matsuzawa’s (2007)
chimpanzees were using an eidetic strategy. These studies
have demonstrated that, on variations of the mask task, the
performance of adult humans can either match or surpass
that of Inoue and Matsuzawa’s (2007) chimpanzees (Cook
and Wilson 2010; Silberberg and Kearns 2009). Accord-
ingly, Cook and Wilson (2010) have suggested that an
appeal to eidetic imagery is unnecessary and that perfor-
mance on the mask task is easily explained by processes,
such as iconic memory or the use of a visual after image.
An additional issue raised by these studies is the role of
experience. Inoue and Matsuzawa’s (2007) compared the
performance of their best chimpanzees to a group of human
participants and found the chimpanzees consistently out-
performed them. Inoue and Matsuzawa’s (2007) chimpan-
zees, however, were markedly more experienced than their
human participants. Cook and Wilson (2010) have now
shown that with comparable levels of training, human par-
ticipants actually outperform Inoue and Matsuzawa’s
(2007) chimpanzees.

Concluding remarks

The present study represents just one step in addressing the
many questions that are raised by the marked diVerences in
performance observed when nonhuman primates are
trained on the mask task. The critical issues that must still
be answered are—(1) whether eidetic imagery, iconic
memory, or a visual after image, underlies high levels of
performance on the mask task and (2) whether age and/or
experience play a critical role in performance on the mask
task.
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