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Abstract This paper explores the effectiveness of token
rewards in maintaining chimpanzees (Pan troglodytes) in
working at intellectually costly tasks, and studies the “saving” behavior of the subjects, investigating the factors that
can condition it. Two experiments were run. Tokens were
introduced as rewards in a matching-to-sample task and
used as exchange tools for food by three adult female chimpanzees. Subjects’ performances were maintained at constant high levels of accuracy, suggesting that the tokens
were almost equivalent to direct food rewards. The results
also showed the emergence of saving behavior. The subjects spontaneously saved the tokens during the matchingto-sample task before exchanging them for food. The chimpanzees also learned a new symbolic discrimination task,
with tokens as the reward. During this learning process a
rarely reported phenomenon emerged: one of the subjects
showed symmetry, a form of stimulus equivalence.
Keywords Tokens · Tools · Matching-to-sample ·
Chimpanzees · Stimulus equivalence
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changed for a primary reward or food reward. They have
mainly been used in studies of operant behavior, and with
the purpose of studying their effectiveness in comparison
to food rewards.
In the classical experiments of Wolf (1936), six immature chimpanzees had to lift weights in order to receive
food, an exchangeable poker chip, or a non-exchangeable
poker chip. By comparing performance achieved by each
individual with the three different types of rewards, Wolf
concluded that valuable-token rewards were almost as effective as food rewards, but that non-valuable ones altered
the subject’s motivation.
Later, Cowles (1937) ran a series of experiments with
small catalin (plastic) disks as tokens. This author showed
also that the subjects spontaneously responded to food-tokens and non-food-tokens in different ways. In comparison to food rewards, token rewards caused a motivation
decrement. Beyond that, he also investigated the effectiveness of tokens in a learning task. The chimpanzees
succeeded in learning new tasks with food-tokens as rewards, reaching above-chance accuracy. From his results,
Cowles (1937) concluded that chimpanzees can work for
tokens, and, after training, they can even accumulate several tokens (bouts) before exchanging them. However, he
recognized the importance of individual differences in determining the lengths of these bouts.
Kelleher (1956, 1957a, 1957b, 1957c, 1958) trained
chimpanzees to obtain tokens (i.e., poker chips) by pressing a telephone key. He studied the characteristics of the
subjects’ performance, by varying the number of responses
(presses on the telephone key) required to get one poker
chip (called fixed ratio, FR, schedule of reinforcement for
tokens), and the number of poker chips received before it
was possible to exchange them for food. The results were
comparable to those obtained with food reinforcement,
that is, subjects showed highly stable rates of response.
The only difference was the occurrence of prolonged pauses at
the beginning of sessions with higher FR values for tokens.
In general, in previous studies the task that the subjects
had to perform to receive tokens consisted only of responses on keys or levers, which require mainly physical
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cost (Suzuki and Matsuzawa 1997). The only exception
was the study of Cowles (1937), in which the tasks used
also required some degree of intellectual cost, in that the
subjects had to solve some simple discrimination tasks.
So, although we know that chimpanzees can work for exchangeable tokens, an empirical question remains to be
answered: can chimpanzees perform an intellectually costly
task reinforced by tokens?
The previous studies focused only on the use of tokens
as rewards. However, there is another neglected aspect of
“tokens”: they can also function as tools to get a goal.
There are several definitions of tools or tool-use. A tool can
be defined as “a detached object that is used in some way
to arrive at an apparent goal” (Matsuzawa 1999, p. 650).
Our definition of tool-use excludes the use of individual
body parts to get a goal, such as the use of the tail by the
rhesus monkey (Macaca mulatta) to acquire objects (Erwin
1974). It also does not include the use of any object permanently connected to the substrate, like the use of fixed
lianas by aye-ayes (Daubentonia sp.) to gain access to
food (Sterling and Povinelli 1999). The term tool-use is
applied to the use of a detached, easy-to-handle, and
transportable object, used to achieve a well identified goal.
In this sense, a token can also be a tool. A token is a detached object, which is easy to handle and transport, and
which can be used to get a specific goal.
A token is a very special tool which, like money, has
several interesting properties. It can be exchanged for different kinds of items (exchangeability). It is easy to handle and transport (portability). Its value can remain unchanged for extended periods so that it can be accumulated (saving). Finally, a token can also be used within a
hierarchical system (hierarchy), that is, tokens of different
values can exist, and these can be inter-converted.
This paper explores two important aspects of tokens:
their value as rewards and function as tools. It seeks to
clarify whether chimpanzees can use tokens as tools to get
a food reward. It also analyzes the effectiveness of tokens
in maintaining the chimpanzees’ motivation in performing a discrimination task. Although four properties were
referred to in describing tokens as tools, here we start by
analyzing only two of them, saving and portability. We
aim also to investigate the learning capacities of chimpanzees in a novel discrimination task with token reward
instead of direct food reward.

subjects were always given a second chance in case of error (Cowles 1937). No experiment so far has focused on
the introduction of a token reward in the context of a discrimination task using a computer setting, which is more
objective and complex, and with differential token reinforcement. This first experiment tested whether or not tokens are efficient enough as rewards to maintain subject
performance in a discrimination task that had previously
been acquired by direct food reward. In this case the tokens were differentially awarded. The study of saving behavior associated with the use of token rewards was another aim of this experiment.
Methods
Subjects
The subjects were three captive adult female chimpanzees
(Pan troglodytes), Ai, Pendesa, and Popo, living in seminatural conditions (Ochiai and Matsuzawa 1997). They had
extensive experience of matching-to-sample tasks (Biro
and Matsuzawa 2001b; Matsuzawa 2001) and had already
received coins as a reward in a previous study (S. Suzuki
and T. Matsuzawa, unpublished work). They were free to
eat leaves and grasses whenever they wanted in the outdoor enclosure, and were also fed fruit and vegetables at
least five times a day, including experimental sessions.
Apparatus
Subjects were tested in an experimental booth (approximately 180 ×180 ×180 cm) with acrylic panels as walls.
A touch-sensitive panel (Micro Touch SMT2) was installed on one wall (Fig. 1). It was connected to a computer

Experiment 1:
maintenance of discrimination performance
with token reward
From previous studies, we know that tokens are effective
in maintaining chimpanzees’ performance in tasks requiring very little or no intellectual cost such as pressing
levers or opening boxes. Moreover, in previous experiments subjects were always reinforced with a token. Even
in cases where the task consisted of simple positional
habits, or visual size or color-pattern discrimination, the

Fig. 1 The experimental booth used in experiment 1, showing the
position of the two monitors with touch-sensitive panels. Ai is performing a matching-to-sample task on the monitor on the left.
There is another monitor for token use located to the right
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Fig. 2 The 10 colors (presented as colored squares), 10 lexigrams,
10 kanji, and 3 Arabic numerals used as stimuli. The size of the
stimuli was 6 cm×6 cm (see electronic supplementary material,
ESM, S1 for a color version of this figure)

(NEC PC-9821Xn) that controlled a discrimination task
using tokens as reward. A second touch-sensitive panel
(Hyper Touch CT-1000) was installed on another wall. It
was connected to two sets of computers (NEC PC-9821Xa9
and NEC PC-9821Xn) that controlled the second part of
the experiment, the use of tokens to get food rewards. A
vending machine (CZX CONLUX ZD-160-A) for tokens
was also located on the wall adjacent to the touch panel.
Above each monitor was a universal feeder (Biomedica
universal feeder BFU-310) that delivered tokens or food
rewards into a food tray. Japanese 100-yen coins were
used as tokens. Food rewards consisted of pieces of apple
(about 1 cm cube, 1.2 g a piece on average) for Pendesa,
and pieces of apple and blueberries (about 1.5 g each on
average) for Ai and Popo.

subjects were invited to return to their residential enclosure.
The experiment involved two phases, a matching phase
and an exchange phase. The matching phase used an identity matching-to-sample task (IMTS) with two alternatives and token reinforcement. In the exchange phase, the
subjects were required to insert the token in the vending
machine to receive a food reward. A daily experiment
usually consisted of three sessions of 80 trials each. All
sessions ended after the 80th coin had been used. All three
subjects received the same three types of IMTS tasks:
color-color, lexigram-lexigram, and kanji-kanji. They participated in 12 sessions for each different task, producing
a total of 36 sessions for each individual.
Matching-to-sample procedure. Each trial began with the
presentation of a white circle against a black background
near the bottom of the touch monitor. After the chimpanzee touched this starting stimulus, the circle disappeared and a sample stimulus appeared on the monitor. To
proceed to the next step, the subject was required to touch
this sample stimulus. The touch resulted in the appearance
of two choice stimuli while the sample stimulus remained
on screen. The subject was then required to choose and
touch one of the two alternatives, which physically matched
the sample stimulus (Fig. 3). A correct response was fol-

Stimuli
The discrimination tasks used the following sets of stimuli (Fig. 2) (see also electronic supplementary material,
ESM, S1): ten colored (red, orange, yellow, green, blue,
purple, pink, brown, white, gray) squares; ten visual symbols called lexigrams that corresponded to the ten colors;
and ten kanji, Chinese characters, which corresponded to
the ten colors and the ten lexigrams (Biro and Matsuzawa
2001a; Suzuki and Matsuzawa 1997).
Procedure
The subjects were invited to come into the experimental
booth from the residential outdoor enclosure. For that purpose, we simply called the name of each individual. They
spontaneously walked into the booth. They were allowed
to engage in any kind of activity in the booth. Each trial
was initiated by the chimpanzee’s spontaneous touch to an
empty white circle displayed at the bottom of the touch
monitor. Usually, each daily experiment consisted of three
sessions, depending on the subject’s willingness to participate. Each session comprised a fixed number of trials.
There was no interaction between the experimenter and
the subject during the sessions. In between sessions, interactions such as social play or chasing between the experimenter and the subject were allowed, and the subjects also
received additional food. At the end of the experiment, the

Fig. 3 Schematic diagram illustrating a trial in the identity matching-to-sample task. Time Out for 3–4 s means that the subject had
to wait for 3–4 s after an incorrect response before proceeding to
the next trial
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Fig. 4 Schematic view of the
exchange of tokens. The filled
circles represent “marks”

lowed by a chime sound and the delivery of a coin. A feeder
connected to the computer automatically delivered the
coins. The starting stimulus then appeared again to mark
the start of a new trial. An incorrect response was not rewarded and was followed by a beep sound and a “time
out” (3 or 4 s). The subject was allowed to complete as
many trials as she wished, before proceeding to the exchange phase, resulting in the accumulation of tokens by
the subject.
Procedure for the exchange of tokens. To obtain a food reward, the subject had to insert the tokens into the vending
machine through a slot in the acrylic panel to the right of
the touch monitor. A solid white circle (henceforth referred to as a “mark”) appeared on the touch monitor, after a coin had been inserted (Fig. 4). The subject had to
touch the solid white circle, or mark, to receive the food
reward. The mark signaled to the chimpanzee that the
vending machine had accepted the coin and was now operational. In a sense, the mark provided a visual feedback
for the token-use.
The subject was allowed to insert consecutively as many
coins as she wanted into the vending machine before exchanging them for food reward (succession strategy). This
would result in the accumulation of tokens in the vending
machine, signaled by the appearance of multiple marks on
the monitor. They could also insert one token at a time, exchanging it immediately by touching the mark on the monitor (sequential strategy). The procedure assured that the
number of token rewards was constant (80) across sessions.
Results
Matching performance
Accuracy, measured as the percentage of correct responses
in IMTS, showed little variance as sessions progressed
Table 1 Average percentage
of correct responses with the
standard deviation for a total of
12 sessions per task, for each
individual chimpanzee

Task

Color-to-color
Lexigram-to-lexigram
Kanji-to-kanji
Average

(Table 1). The subjects’ accuracy was significantly above
chance level (i.e., 50%), for a chi-square test applied to
the total of responses in each task for each subject (for
color-to-color, Ai: χ2=828.82, df=11, P<0.01, Pendesa:
χ2=940.10, df=11, P<0.01, Popo: χ2=912.60, df=11, P<0.01;
for lexigram-to-lexigram, Ai: χ2=881.67, df=11, P<0.01,
Pendesa: χ2=889.35, df=11, P<0.01, Popo: χ2=728.02,
df=11, P<0.01; for kanji-to-kanji, Ai: χ2=693.60, df=11,
P<0.01, Pendesa: χ2=735.00, df=11, P<0.01, Popo:
χ2=663.34, df=11, P<0.01), and very close to 100% in
some cases. The two-way ANOVA showed some significant differences between individuals, F2,99=59.28; P<0.01,
and between tasks, F2,99=11.27; P<0.01. There were also
some significant differences resulting from the interaction
of individuals and tasks, F2,99=6.69; P<0.01.
Saving patterns
How many coins were saved before they were exchanged
for food? Data from the total number of sessions for each
individual was combined in order to calculate the saving
pattern. We computed a “saving index” in order to accurately reflect the saving behavior. This index is based on
the weighted probability per opportunity and was computed as Ix=(Px–1×Px)×100. Px is the probability of collecting each token, in a rank position (x) in a saving bout. Px
is given by the number of saving tokens divided by the
number of opportunities of saving them. P0 is defined as 1.
According to this procedure the saving index for the first
token, I1, is 100%. The saving index I2 is based on P2 that
is the probability of continuing to collect the second token. The saving index I3 is given by the equation (P2×P3)×
100. In this index we distinguish two types of situations:
(1) stop collecting coins based on the subject’s own will,
and (2) stop collecting coins because is it the end of the
session and there is no more opportunity to continue to
save. The former situation is the research target of the pre-

Subject
Ai

Pendesa

Popo

Average

96.5 (±2.0)
97.9 (±1.7)
92.5 (±2.9)
95.6

99.48 (±0.6)
98.13 (±1.0)
93.75 (±2.8)
97.1

98.75 (±1.2)
93.54 (±2.8)
91.56 (±3.4)
94.6

98.2
96.5
91.6

217

Fig. 5 The probability of continuing to collect coins during experiment 1 for Ai, Pendesa (Pen), and Popo. Each curve represents the
probability of continuing to collect coins (y axis) for each opportunity in a bout (x axis), depending on the number of coins already
collected

sent study. All bouts from all sessions for each subject
were combined for this analysis.
Figure 5 shows the “saving index” for the three subjects. The probability of continuing to collect coins drops
very quickly after the first coin for Ai, and after the second coin for Popo, while it declines very slowly for
Pendesa. For Pendesa, the probability of collecting more
than 15 coins per bout is 70%. A 50% threshold was also
calculated for each subject (3.13 coins for Ai, 4 for Popo
and 25 for Pendesa). This 50% threshold value represents
the number of tokens saved on average, and is not based on
the arithmetic mean but on the weighted probability per opportunity. In other words, based on the data, Ai continued
to save up to 3 coins and Popo saved up to 4 coins in half
of the bouts. In contrast, Pendesa showed a 50% probability of continuing to save up to 25 coins. These values illustrate the similarity between the saving patterns of Ai
and Popo, which were very different from that of Pendesa.
Following the same idea of analyzing the pattern of
saving tokens, we also analyzed the pattern of saving
marks on the monitor. We calculated the probability of
continuing to insert coins without an immediate exchange
for food, in other words, saving marks. For Ai and
Pendesa the probability of inserting the next coin, without
exchanging the previous one for a food item drops from
100% to 0% after the insertion of the first coin (sequential
strategy). This means that the two chimpanzees never saved
marks. For Popo the probability is maintained constant at
100% (succession strategy). This means that Popo continued to insert all the coins she had, and stopped only when
she did not have any more coins to insert.

token reward was sufficient to maintain their discrimination performance with high accuracy at a stable level.
The present experiment also revealed an important aspect of the use of tokens as rewards, i.e., saving. The subjects had never saved food rewards in the same discrimination tasks in the traditional food-reward experiments.
However, they spontaneously saved token rewards in this
experiment. This is a unique feature of token rewards in
contrast to direct food reward. From the description of the
saving pattern we can also conclude that the amount of
tokens already saved influenced the saving pattern.
There were also individual differences in saving patterns, that is, the number of coins saved in the discrimination task and the number of marks saved on the monitor
for the vending machine. One subject, Pendesa, saved multiple tokens during the matching phase, in contrast to Ai
and Popo who saved only a few tokens. All the subjects
saved and transported the tokens either in the hand or in
the mouth. Only one of the subjects, Popo, saved tokens
in the vending machine (succession strategy), in contrast
to the other two who showed a sequential strategy.

Experiment 2:
learning of a new discrimination task
with token reward
We have proved that tokens were sufficient to maintain
the subjects’ performance in a discrimination task previously maintained by direct food rewards. But we may still
argue that the intellectual cost of this task was relatively
low, because the subjects were used to performing this
task. The introduction of a completely new task would resolve this problem and would test whether or not tokens
are also effective in shaping a new discrimination task in
the subjects. Experiment 2 analyzed the effect of a token
reward, instead of a food reward, in shaping a new discrimination task. The introduction of a new task will
cause the subjects to score many errors. As after an error
the chimpanzees are subjected to a waiting period; this
creates the perfect context to test the influence of such
waiting time on the saving behavior. From experiment 1 we
know that the amount of token already saved influenced
the saving pattern. So, experiment 2 aims also to identify
another factor that determines the saving behavior.
Method
Subjects
Two of the chimpanzees in experiment 1, Ai and Pendesa,
served as subjects.

Discussion
Apparatus
Experiment 1 confirmed that tokens were effective in maintaining the subjects’ work in a discrimination task that had
already been learned. All three subjects showed that the

Chimpanzees were tested in an experimental booth slightly
different from the one previously described. In this booth
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the touch panels were installed on two opposite walls.
The equipment was similar to the one used in the previous booth except that there was only one computer (NEC,
PC-9821Xn) controlling the second part of the experiment
for token use. For the exchange of tokens for food there
were two universal feeders connected to the same food
tray. Food rewards were of ten different types (pieces of
apple, banana, blueberry, carrot, chow, grape, peanut, pistachio nut, potato, and/or raisin).
Stimuli
The stimuli used for Pendesa were three colored squares
(red, yellow and green) and the three corresponding lexigrams. Ai had already learned this symbolic correspondence between color and lexigram (Matsuzawa 1985a).
She had also learned to use Arabic numerals (Matsuzawa
1985b). Therefore, a new correspondence was created for
Ai. For the same colors, red, yellow, and green, she had to
match the numerals 0, 2, and 3, respectively (Fig. 2; see
also ESM S1 for this figure in color).
Procedure
The procedure was the same as in experiment 1, except
that a symbolic matching-to-sample (SMTS), rather than
an IMTS, task was used. It also involved an initial matching phase where subjects received tokens, and an exchange phase. Ai performed 42 sessions (48 trials each)
for the numeral-to-color matching and then switched to 42
sessions of color-to-numeral matching. Pendesa performed 42 sessions (48 trials each) for lexigram-to-color
matching and then switched to 24 sessions of color-to-lexigram matching. During both phases, a daily experiment
consisted of a block of three sessions, for both subjects.
Each session ended after the subject inserted her last coin
into the vending machine to get a food reward. In order to
make the decision to switch from the pre-reversal phase to
the post-reversal phase a learning criterion was defined.
The individual was considered to have learned the task if
the average accuracy in six consecutive sessions was equal
to or above 75%.
Matching-to-sample procedure. The procedure of this
SMTS task was the same as that of the previous one, except for the difference in the sample-choice relationship.
The sample stimulus and the choice stimuli were taken
from different categories, such as color and shape. For example, when a color was presented as sample stimulus,
the choice stimuli were two numerals. The sample color
corresponded to one of the two alternative numerals. The
symbolic relationship between the sample and the choice
stimuli was completely new for both subjects. The subjects had thus to learn to associate each color to the corresponding number (Ai) or lexigram (Pendesa). As in experiment 1, only correct responses were rewarded by a token automatically delivered by the feeder.

Fig. 6 Ai’s learning curve in new symbolic matching-to-sample
(SMTS) tasks shaped by token reward

Procedure for the exchange of tokens. The exchange procedure was essentially the same as in experiment 1 (Fig. 4),
but after touching each solid white circle, or “mark”, on
the monitor, two pictures from among the 45 possible
combinations of ten different food items appeared on the
monitor. The subject was required to choose one of the
two by touching the picture and then received the corresponding food item. The ten food items shown were
pieces of apple, grape, banana, raisin, peanut, blueberry,
carrot, potato, chow, and pistachio nut. This procedure was
used in order to maintain the high motivation of the individuals.
Results
Matching performance
Ai performed 68.8% correct in the first session (Fig. 6),
which was significantly above chance level (i.e., 50%),
χ2=6.75, df=11, P<0.01. This means that Ai acquired the
new SMTS task in the first session, although the performance was not far above chance level. After training, performance reached 79.2% in the 37th session. In contrast,
Pendesa performed 60.4% correct in the first session
(Fig. 7), which was not significantly different from chance
level, χ2=2.08, df=11, P<0.15. After training, accuracy
reached 83.3% in the 41st session. When the results of the
first nine sessions and the last nine sessions of matching
were compared for the two subjects, the differences were
statistically significant both for Ai, χ2=20.37, df=11,
P<0.01, and for Pendesa, χ2=25.89, df=11, P<0.01. This
means that learning had taken place in the newly introduced SMTS task. The chimpanzees did succeed in establishing a new discrimination when rewarded with tokens.
The introduction of the reverse symbolic matching task
of color-to-numeral for Ai and of color-to-lexigram for
Pendesa produced different results. Ai’s accuracy dropped
to the chance level of 50% in the first session, χ2=0.00,
df=11, P<1.00, showing a lack of transfer from the nu-
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Fig. 7 Pendesa’s learning curve in new SMTS tasks shaped by token reward

meral-to-color to the color-to-numeral task, χ2=126.89,
df=11, P<0.01. The performance quickly recovered and
reached 93.9% in the 31st session, which is above chance
level, χ2=36.75, df=11, P<0.01. When the results of the
first nine sessions and the last nine sessions of this second
task were compared, the differences were statistically significant, χ2=176.39, df=11, P<0.01, which means that Ai
also learned the reversed symmetrical discrimination task.
In contrast, Pendesa’s accuracy was already at 77.1% in
the first session of the reversed task, which is above chance
level, χ2=14.08, df=11, P<0.01. Accuracy increased to
83.3% by the seventh session. The comparison of the results of the first nine sessions and the last nine sessions of
this second task, showed no differences, χ2=0.05, df=11,
P<0.81, which means that, in Pendesa’s case, no new
learning of the reverse discrimination task occurred.
Pendesa did not show a decrement of accuracy when the
reverse task was introduced, χ2=0.13, df=11, P<0.72,
which means that she transferred from the lexigram-tocolor to the color-to-lexigram task.
Saving patterns
Saving bouts were analyzed following the same procedure
as in experiment 1. Ai’s saving pattern was very similar in
both phases of the experiment. As in experiment 1, Ai’s
probability of continuing to collect coins dropped very
quickly after receiving the first coin (Fig. 8). In other
words, Ai’s saving pattern was kept constant between
phases and between experiments. Pendesa’s probability of
continuing to collect coins remained at 100% up to 6–7
coins (the 7th coin during lexigram-to-color matching, and
the 6th coin during color-to-lexigram matching). Although
there were some differences between the saving curves
of the two phases of the experiment, both showed a pronounced drop after the 18th coin (Fig. 8).
The 50% threshold indicates the average number of tokens saved per bout. Ai saved about 2 coins on average
(2.13 and 2.35 in number-to-color and color-to-number

Fig. 8 The probability of continuing to collect coins during both
phases of experiment 2 for Ai and Pendesa. Each curve represents,
for one subject in one phase of the experiment, the probability of
continuing to collect coins (y axis) for each opportunity in a bout
(x axis), depending on the number of coins already collected
Table 2 Frequency of stopping to collect coins, after a correct or
incorrect response

Stop to collect coins after a correct response
Stop to collect coins after an error

Ai

Pendesa

10
34

106
0

tasks, respectively). Pendesa saved, on average, about 30
(mean=30.21) coins for the lexigram-to-color task and 22
(mean=21.68) coins for the color-to-lexigram task. These
results demonstrate a drop in the saving pattern with the
transition to the reverse discrimination task.
We also analyzed the influence of the waiting period
associated with the error trials in the SMTS task on the
saving pattern. The data from the first ten test sessions of
the first phase were combined for each subject to determine
the frequency of times they stopped a bout after an incorrect response (Table 2). Ai stopped collecting coins more
frequently than not after an incorrect response (χ2=45.99,
df=13, P<0.01). However, Pendesa never stopped collecting coins after an incorrect response, χ2=383.48, df=13,
P<0.01. These data shows that saving behavior was influenced by the waiting period after an incorrect response in
Ai, but not in Pendesa.
Discussion
This experiment strongly suggests that tokens are a powerful reward in shaping a new discrimination task. Both
subjects learned a new symbolic relationship between
stimuli, reaching high accuracy with token rewards. The
results also showed the existence of individual differences
in the learning process. Ai showed no transfer of the acquired skill to the reversed symmetrical SMTS task. However, Pendesa successfully transferred the acquired skill to
the reversed symmetrical SMTS task.
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“Stimulus equivalence” (Sidman et al. 1982) contains
three kinds of relationships: reflexivity, transitivity, and
symmetry. Although in humans equivalence relations are
easily generated, this does not always apply to non-human
animals. Actually, the spontaneous generation of such
equivalent relations is very rare among non-human animals (Tomonaga et al. 1991). Monkeys sometimes show
reflexivity (Fujita 1983) and transitivity (D’Amato et al.
1985). However, they fail in showing symmetrical relations (Sidman et al. 1982). Chimpanzees in general show
emergence of reflexivity (Oden et al. 1988) and transitivity
(Yamamoto and Asano 1991), but only language-trained
chimpanzees were thought to be able to show symmetric
relations after prolonged training (see Kojima 1984;
Premack 1976; Yamamoto and Asano 1995). Tomonaga et
al. (1991) reported the first and only case of a non-language-trained chimpanzee that showed symmetry. From
these studies, it is clear that symmetrical relations represent the most difficult aspect of equivalence relations and
have a key role in the establishment of “stimulus equivalence”. Experiment 2 provided the second example of a
non-language-trained chimpanzee (Pendesa) showing the
emergence of symmetry, proving that chimpanzees can
generate equivalence relations much like humans. But
why did one particular subject show this phenomenon and
not the other (Ai, the language-trained chimpanzee)? What
are the factors determining the process of transfer? Further
studies will be necessary to answer these questions.
The results of this experiment clearly pinpointed the
determinants of saving behavior. They confirmed that the
amount of tokens already saved influenced the saving pattern. For Ai only 1–3 coins saved were enough to stop
working for more coins. She was now ready to exchange
them for food. However, Pendesa continued to work for
more coins and stopped only once she had already collected a large number of coins (20–30 or more). In the
case of Ai the time-out after an incorrect response also appeared to have an important role in stopping saving. She
probably preferred to exchange the few coins without
waiting for the inserted time-out interval (in other words,
the delay interval) to expire before the opportunity to get
more coins. Further analysis will be necessary to clarify
the factors determining saving behavior.

General discussion
This study proved that tokens are almost equal to food rewards in their capacity to maintain and shape a discrimination behavior. Experiment 1 showed that tokens were
effective in maintaining the subjects working in a discrimination task already acquired, with high accuracy at a
stable level. Tokens were as effective as direct food rewards and were seen as an item exchangeable for food by
the chimpanzees. Experiment 2 further suggested that tokens were also effective in the learning of a novel discrimination problem. Both subjects, Ai and Pendesa, showed
learning as sessions progressed, reaching high levels of

accuracy with tokens as rewards. The acquisition of the
new task was also confirmed by the introduction of the reversal procedure in the SMTS.
The present study provided evidence of a unique behavior, saving, clarifying some details of token use.
Experiment 1 clearly showed that the chimpanzees spontaneously saved tokens, in contrast to food rewards.
Cowles (1937) stated that chimpanzees, after some training, could save 10–30 tokens, exchangeable as a group after obtaining them singly. The present results proved that
saving might occur without any training. All three chimpanzees saved coins, and one even spontaneously saved
“marks” on the monitor, another stage of saving tokens.
This spontaneous behavior which the subjects developed
during the experiment indicates also the existence of inter-individual differences. The results showed three strategies of saving patterns in chimpanzees: (1) saving a few
tokens (Ai) and saving no marks, exchanging them one by
one for food, (2) saving many tokens (Pendesa) but saving
no marks, exchanging them one by one for food, and (3)
saving a few tokens and also saving multiple marks that
were exchanged for food all at once (Popo).
The details of the saving behavior also lead us to conclude that the subjects were adjusting their behavior in
terms of a balance of costs and benefits. The chimpanzees
had to move from the place where they obtained the tokens to the place where they could exchange them. In this
sense, moving from one place to the other has a cost in
terms of energy and time spent. The food that is received
represents the benefit. So, the strategy of collecting just
one coin and going to exchange it for food before collecting another is very costly, which explains the emergence
of the saving behavior. The chimpanzees were not only
saving tokens, but they were also saving energy and time.
This unique feature of spontaneous saving by chimpanzees inevitably leads to the following question. What
are the determinants of saving? Why do chimpanzees spontaneously stop saving at some points and not at others?
Although there were clear individual differences in saving
pattern, we proposed two plausible factors to answer these
questions. One factor is the number of tokens already
saved by the chimpanzee within a bout. The other is the
contribution of the waiting period associated with the errors the subject made, a time-delay as penalty. The results
of both experiments showed that the amount of tokens already saved influenced the decision as to whether the chimpanzee continued working for another token. The waiting
period was also shown to have an important role in determining the saving pattern of one of the subjects. The subject seemed not to want to wait for the end of the time-delay penalty, but preferred instead to insert the tokens that
she had already received. However, further analyses will
be needed to determine the degree of importance of error
trials more precisely.
The chimpanzees saved tokens but with the final objective of exchanging them for food. They were never observed to perform only the MTS task without exchanging
the tokens for food. This means that they were planning a
future action even if it was in the proximate future.
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At this point we can return to our original question of
what a token is. We started by mentioning that a token
could serve as a reward – but was it only a reward for the
chimpanzees? The chimpanzees performed a task to collect tokens with the objective of exchanging them for food
as demonstrated. The chimpanzees moved from one place
to another transporting the tokens to use them to get food.
According to our definition of tools a token is a tool. The
present study showed that the chimpanzees were able to
use the unique tool called a token to obtain a specific goal.
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