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Abstract This study investigated the ability of chim-
panzees, gorillas, orangutans, and bonobos to make in-
ferences by exclusion using the procedure pioneered by
Premack and Premack (Cognition 50:347-362, 1994) with
chimpanzees. Thirty apes were presented with two different
food items (banana vs. grape) on a platform and covered with
identical containers. One of the items was removed from the
container and placed between the two containers so that sub-
jects could see it. After discarding this item, subjects could
select between the two containers. In Experiment 1, apes
preferentially selected the container that held the item that
the experimenter had not discarded, especially if subjects
saw the experimenter remove the item from the container
(but without seeing the container empty). Experiment 3 in
which the food was removed from one of the containers be-
hind a barrier confirmed these results. In contrast, subjects
performed at chance levels when a stimulus (colored plas-
tic chip: Exp. 1; food item: Exp. 2 and Exp. 3) designated
the item that had been removed. These results indicated that
apes made inferences, not just learned to use a discriminative
cue to avoid the empty container. Apes perceived and treated
the item discarded by the experimenter as if it were the
very one that had been hidden under the container. Results
suggested a positive relationship between age and inferen-
tial ability independent of memory ability but no species
differences.

This contribution is part of the special issue “Animal Logics” (Watanabe
and Huber 20006).

J. Call ()

Max Planck Institute for Evolutionary Anthropology,
Deutscher Platz 6,

04103 Leipzig, Germany

e-mail: call@eva.mpg.de

Keywords Inferential reasoning - Animal logic - Object
individuation - Behavior control by exclusion - Object
representation

One of the most important functions of cognition is to deal
with the problem of inconsistent or incomplete information
that animals often encounter in their environment. Inferential
reasoning, defined as associating a visible and an imagined
event (Premack 1995), is one of the processes that can be
used to deal with fragmentary information. One of the most
interesting types of inference is the so-called inference by
exclusion, which consists of selecting the correct alternative
by logically excluding other potential alternatives. Several
studies have shown that chimpanzees, sea lions, and dolphins
can solve inferences by exclusion using different paradigms
(Herman et al. 1984; Schusterman et al. 1993; Schusterman
and Krieger 1984; Tomonaga 1993, see also Watanabe and
Huber 2006). For instance, in the fetching paradigm, subjects
are presented with a set of familiar items and one novel item.
Each of the familiar items has been associated with a label
which, depending on the studies, can be either a visual or
an auditory stimulus. Then subjects are requested to fetch
the ‘X’ (i.e., the unknown label that designates the novel
object). Results show that subjects select the novel item when
requested the unfamiliar label, thus making the inference that
the novel label refers to the novel unfamiliar item.
Analogous results have been obtained with a matching to
sample paradigm in which subjects had to select an unfamil-
iar alternative after witnessing a novel sample (Hashiya and
Kojima 2001; Schusterman et al. 1993; Tomonaga 1993).
Hashiya and Kojima (2001) showed positive results for a
chimpanzee in a cross-modal matching to sample paradigm.
They presented the subject with two pictures of people that
she knew and the voice of one of them. The chimpanzee’s
successfully matched the voice with the correct picture. Next,
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the authors presented the chimpanzee with two pictures (one
of someone she knew and the other of a stranger) and an
unfamiliar voice. The chimpanzee correctly matched the un-
familiar voice to the unfamiliar picture.

Although subjects use the new label to select the new
item, it is unclear whether animals also learn to associate the
new label with the novel object. Schusterman et al. (1993)
argued that animals used labels to discriminate between the
alternatives but they did not learn to use those labels to
refer to particular objects, which is precisely what studies
on language acquisition in children have shown. Children
can learn a new label for a new object (when presented with
familiar alternatives) and later use that label to refer to the
novel object. Recently, this skill has also been found in a
9-year-old dog (Border collie) that can fetch more than 200
different objects by their verbal label (Kaminski et al. 2004).

Going beyond the information provided by perceptual in-
puts not only enables subjects to acquire new associations,
or at least distinguish between alternatives, it can also enable
them to make efficient foraging decisions when searching
for food. Numerous studies have documented how several
species can infer the position of food items, which they have
not seen directly based on the trajectories that they may have
followed (see Doré and Dumas 1987; Tomasello and Call
1997 for reviews, but see Collier-Baker et al. 2004, 2006,
for a critical analysis of some of those studies). A recent
study reported that apes can find the location of food with-
out directly perceiving the food or the displacements that
it may have followed, but use indirect information to in-
fer its location (Call 2004). Apes were presented with two
opaque containers with one of them baited. Then, the ex-
perimenter shook the empty container and lifted the baited
one. Subjects selected the baited container above chance
levels even though there was no auditory cue emanating
from any of the containers. Control conditions showed that
subjects did not solve the problem by using inadvertently
given cues from the experimenter or the food (e.g., smell
or noise produced during baiting). This means that apes
were able to infer the location of reward by the noise it
would have made if it had been in a given location. Briuer
et al. (2006) found no evidence suggesting that dogs made
such inference when presented with the same problem as the
apes.

Premack and Premack (1994) tackled the question of in-
ferential reasoning using a different paradigm. They pre-
sented four 3- to 4-year-old chimpanzees with two boxes and
two types of fruit (banana and apple). Chimpanzees were al-
lowed to witness the experimenter deposit each fruit in one
of the boxes so that both boxes were baited. Later, subjects
saw the experimenter eating one of the fruits (e.g., banana)
without seeing the experimenter removing the food from the
box. The question was whether given the opportunity to se-
lect one of the boxes, they would avoid the box in which the
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experimenter had deposited the food that he was currently
eating, presumably because it was now empty. Premack and
Premack (1994) found that one of the chimpanzees, the old-
est one, solved this problem from the first trial, suggesting
that she was able to infer that if the experimenter was eating
the banana, the box where the banana was deposited would
be empty. Two other chimpanzees failed the first two and four
trials, respectively, before responding correctly in a consis-
tent manner for the remaining trials. One of the chimpanzees
failed the problem because she always selected the box that
had contained the food that the experimenter ate. Thus, these
results indicated that there was some evidence of inference
by exclusion in at least one of the chimpanzees. The alterna-
tive to this inferential strategy would be to learn to use the
sight of the banana in the experimenter’s possession as a dis-
criminative sign for choosing the box with the other reward.
Although this alternative cannot easily explain the perfor-
mance of the chimpanzee that selected the correct container
above chance from the beginning, it may explain the perfor-
mance of the two chimpanzees that initially failed the test.
Furthermore, the last chimpanzee did not solve the problem,
and therefore, it is unclear how easily can chimpanzees use
this learning strategy.

The current study had three main objectives. First, it inves-
tigated whether a successful performance in this task could
be explained as a result of conditional discrimination. In-
stead of inferring the solution, subjects may have learned to
associate the presence of a certain food type with the ap-
propriate response without understanding that the food that
the experimenter was eating was the same food that was in-
side the box. For instance, if the experimenter was eating the
banana, the subjects could have learned to select the grape
box and vice versa. Although Premack and Premack (1994)
acknowledged that two of the chimpanzees that they tested
may have solved the problem in this way, the authors did
not directly test this possibility. Therefore, the current study
included tests aimed at finding out whether subjects would
be able to learn to associate the presence of certain cues
with producing particular responses instead of using inferen-
tial abilities. Two critical indicators that would suggest that
inference rather than learning a conditional discrimination
was involved would be a faster acquisition in the inferential
compared to the association conditions, and no evidence of
improvement during the test.

Second, this study also investigated two possible causes
of the relative low performance of some of the chimpanzees
tested by Premack and Premack (1994), given that chim-
panzees (and other apes) have shown evidence of inference
by exclusion in other paradigms (e.g., Call 2004; Hashiya
and Kojima 2001; Tomonaga 1993). One obvious reason
for this result could be that the subjects tested by Premack
and Premack (1994) were too young (3—4 years of age).
Therefore, the current study investigated the effect of age
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on inferential reasoning by including apes of various ages.
Another reason for the observed low performance may have
been that there was an extended period of time between bait-
ing the boxes and allowing subjects to select one of them.
Indeed, the time elapsed since subjects last saw the reward
has been postulated as one of the factors that may contribute
to the difficulty of invisible object displacements compared
to visible displacements (e.g., de Blois et al. 1999; Doré
et al. 1996). Therefore, there were two types of inference
task in which the timing when subjects could witness the
reward removal from the box was varied. Subjects were ex-
pected to perform better if they were allowed to see how
one of the food pieces was removed from the box com-
pared to finding the reward after all manipulations had been
completed.

Third, most of the research on ape cognition is based
on chimpanzees. It is unclear how other apes would per-
form in this task. Although two previous studies have
found no important differences in inferential reasoning
among the great apes species (e.g., Barth and Call 2006;
Call 2004), these results need to be confirmed. There-
fore, all four great apes species were included in this
study.

Experiment 1: Displacements included

This experiment tested apes in three different tasks corre-
sponding to three conditions. There were two types of in-
ference task that differed in the timing when the object that
was removed from the box was shown to the subject. In one
task, the object was shown as soon as it was removed from
the container while in the other task, subjects had to wait
until all manipulations had been completed. The third task
assessed whether subjects would be able to solve the task by
learning a conditional discrimination, in which the color of a
plastic chip indicated the food that remained intact after the
manipulation had been completed.

Methods
Subjects

Seven orangutans, seven chimpanzees, five gorillas, and
five bonobos housed at the Wolfgang Kohler Research
Center, Leipzig Zoo (Germany) participated in this study
(see Table 1). There were 15 females and 9 males, with age
ranging from 4 to 32 years. All male bonobos and all adult

Table 1 Name, species, age,

sex, rearing history, and the Name Species Age (years) Sex Rearing history Experiment participation

expte.rl.metn;s in which subjects Annett Chimpanzee 6 F Nursery 3

participate Alex Chimpanzee 4 M Nursery 3
Alexandra Chimpanzee 6 F Nursery 3
Brent Chimpanzee 4 M Mother 1 and 3
Dorien Chimpanzee 25 F Nursery 1-3
Fraukje Chimpanzee 29 F Nursery 1-3
Pia Chimpanzee 6 F Mother 1and 3
Jahaga Chimpanzee 12 F Mother 3
Fifi Chimpanzee 12 F Mother 3
Sandra Chimpanzee 12 F Mother 1-3
Gertrudia Chimpanzee 12 F Mother 3
Frodo Chimpanzee 12 M Mother 1-3
Patrick Chimpanzee 8 M Mother 1-3
Gorgo Gorilla 24 M Nursery 1-3
Bebe Gorilla 26 F Unknown 1-3
Ndiki Gorilla 26 F Unknown 1-3
Viringika Gorilla 10 F Mother 1-3
Ruby Gorilla 8 F Mother 1-3
Joey Bonobo 23 M Nursery 1-3
Ulindi Bonobo 12 F Mother 1-3
Limbuko Bonobo 10 M Nursery 1-3
Kuno Bonobo 9 M Nursery 1-3
Yasa Bonobo 8 F Mother 1-3
Dunja Orangutan 32 F Unknown 1-3
Bimbo Orangutan 25 M Mother 1-3
Pini Orangutan 17 F Mother 1-3
Walter Orangutan 16 M Mother 1 and 2
Dokana Orangutan 16 F Mother 1-3
Toba Orangutan 11 F Mother 1 and 2
Padana Orangutan 8 F Mother 1-3
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Fig.1 Setup for Experiment 1 (inference condition)

chimpanzees were nursery-reared whereas all other subjects
were mother-reared. All subjects lived in social groups
of various sizes, with access to indoor and outdoor areas.
Subjects were individually tested in their indoor cages and
were not deprived of food or water.

Materials

Two blue opaque bins (25 cm x 13 cm x 13 cm) were
placed on a plastic sliding platform about 40 cm apart (see
Fig. 1). A small barrier (11 cm x 8.5 cm) with its top
and sides covered by plastic pieces (to prevent subjects from
seeing if a reward was behind it) was placed between the two
bins forming a straight line. Depending on the conditions,
this barrier was made of gray or clear plastic, rendering it
either opaque or transparent, respectively. Grapes and pieces
of banana were used as rewards. A green and a blue plastic
chip 3 cm x 2 cm) served as discriminative stimuli for the
association condition. The test materials were presented on
a sliding platform situated behind a plexiglass partition that
separated the subject from the experimenter. This plexiglass
partition had two circular holes cut on its bottom that allowed
subjects to touch one of the blue bins.

Procedure and design

There were three phases: pre-test, test, and post-test. The pre-
and post-test phases were identical and assessed the prefer-
ence for one of the two types of food. Such information was
needed in case a strong preference for some types of reward
may have interfered with test performance. The experimenter
(E) sat facing the subject behind the platform separated by
a plexiglass partition and placed a banana slice on one side
of the platform and a grape on the other side, closest to the
subject but still outside of reach. In half of the trials the grape
was on the left side and the banana on the right side and vice
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versa for the other half trials. After the subject had witnessed
the reward placement, the E covered each reward with a blue
bin and pushed the sliding platform forward against the plex-
iglass partition so that the subjects could touch one of the
bins located in front of the holes. The first container touched
by the subject was scored as his/her choice. Subjects received
12 trials in the pre- and post-test phases.

During the test phase, the E also placed two rewards on the
platform and covered each with a blue bin. Then he placed
the barrier in the center of the platform between the blue
bins. The E executed the following sequence of movements
in all conditions aimed at removing one of the rewards from
one of the bins: E reached inside the left bin, closed his
hand, pulled his hand out, and moved it to the center barrier.
There he opened his hand, pulled it out from the barrier and
showed it empty to the subject. Finally, he reached inside
the second bin, again closing his hand and bringing it behind
the barrier. In the perceptual condition, the E extracted the
reward and moved to the barrier while visibly holding the
reward whereas in the other two conditions he kept his hand
closed so that subjects were not able to see the reward. After
this sequence was completed, the E removed the barrier from
the platform so that the subject was able to see the object that
the experimenter had left behind it. After the subject had seen
the reward, the E discarded the reward by throwing it into a
bucket, and pushed the sliding platform forward so that the
subjects could touch one of the bins located in front of the
holes. The first container touched by the subject was scored
as his/her choice.

There were three conditions that differed depending on the
type of barrier that the experimenter used (clear or opaque)
and the type of object that subjects saw after removing the
barrier:

Perceptual: The barrier was clear and subjects witnessed
one of the two rewards on the platform before being
discarded.

Inference: The barrier was opaque and subjects witnessed
one of the two rewards on the platform before being dis-
carded.

Association: The barrier was opaque and upon its removal
subjects witnessed one of the two plastic chips that indi-
cated the reward that remained under one of the two bins.
The color associated with each reward was counterbal-
anced between subjects, this means that for some subjects
the blue chip signaled the presence of grapes under of the
bins while for others it signaled the presence of the banana
slice. Since establishing an arbitrary association between
the colored chip and the presence of one of the rewards
is a demanding task, half of the subjects were tested with
a simplified version of the task that consisted of leaving
the plastic token on the platform while subjects made a
choice.
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Each subject received two 12-trial sessions per condition
(24 trials total). The order of the conditions was counterbal-
anced across subjects so that the six possible orders were
presented to the same number of subjects. The two sessions
corresponding to a given condition were tested sequentially,
with no other session between them. The position of the type
of reward (left vs. right) was randomly determined with the
only two restrictions that it appeared the same number of
times on each side and could not appear more than two times
in succession on the same side.

Data analysis

The main analyses investigated whether the condition,
species and age affected performance. The three conditions
were also compared against chance both at the group and
at the individual level. I also investigated whether there was
any evidence of improvement during testing. I did not assess
inter-observer reliability because subjects’ choices could be
determined without uncertainty. I used parametric statistics
except for those analyses on the first trial (one sample chi-
square, sign test) and individual performance (binomial test).
All tests were two-tailed.

Results

Subjects showed no significant preference for grapes over
banana pieces during the pre-test, t,3 =1.21, p=0.24, or
the post-test, f,3=0.52, p=0.61. Moreover, preferences
were quite consistent between the pre-test and the post-test,
r=0.57, p=0.004, n=24. Finally, there was no signifi-
cant relation between grape preference (calculated as the
joint preference for grapes over banana in the pre-test and
post-test) and any of the conditions (perception: r= —0.17,
p =0.42; association: r = 0.16, p = 0.45; inference: r = 0.20,
p=0.34; n=24 in all cases). Thus, there was no evidence
that food preference affected the subjects’ performance.
Figure 2 presents the mean percent of correct trials in
each condition. A 3 x 4 ANOVA with condition as within-
subject factor and species as between-subject factor revealed
a significant effect for condition, F, 49 =33.85, p<0.001,
and no significant effect for species, F3 9 =2.31, p=0.11
or condition x species, Fg 40 =0.73, p=0.63. Bonferroni—
Holm post hoc tests (Holm 1979) revealed that subjects per-
formed significantly better in the perception compared to
the inference and association conditions (p<0.001 in both
cases). Subjects also performed significantly better in the in-
ference compared to the association condition (p =0.014).
Moreover, subjects as a group were above chance in the
perception, #3 =9.12, p<0.001, and inference conditions,
ty3 =2.64, p=0.015, but not in the association condition,
)3 =0.54, p=0.59. Such results were already evident in
the first trial. Subjects selected the correct container above
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Fig. 2 Mean percent of correct trials (£ SEM) in each of the three
conditions of Experiment 1 (*p<0.05,*p<0.01)

chance in the perception (X2 =16.67,df =1, p<0.001) and
inference conditions (x2=4.17, df =1, p=0.041) but not
in the association condition (2 =0.17, df =1, p = 0.68).

There was no evidence of an improvement in performance
throughout testing either when comparing the first and the
last trial in each condition (sign test: perception, p =0.5; in-
ference, p = 0.39; association, p = 0.29) or when comparing
the first and the second session for each condition (percep-
tion: .3 =0.11, p = 0.91; inference: t,3 = — 2.35, p = 0.028;
association: f,3 =0.0, p=1.0). In fact, the performance of
subjects in the inference condition significantly worsened.

Individual analyses showed that 12, 5, and O subjects
were above chance (Binomial test: p<0.05) in the per-
ceptual, inference, and association conditions, respectively.
There was no significant relation between age and any of
the conditions (perception: r=0.01, p =0.96; association:
r= —0.07, p=0.76; inference: r =0.32, p =0.13).

Discussion

Subjects performed above chance (and from the start) in the
perception and inference conditions, but not in the associ-
ation condition. Moreover, subjects performed significantly
better in the perception compared to the inference condition.
There were no significant effects of species or age on the
percent of correct responses and no evidence of improve-
ment over trials in any of the conditions. In fact, subjects’
performance worsened in the inference condition, perhaps
due to the high attentional demands of the task.

Subjects performed above chance in those conditions in
which they saw which food item was being discarded. This
means that subjects understood that the bin that had con-
tained that food item was now empty — an inference that they
were able to make even when they did not directly see the
food being pulled out from the bin but found it later once the
opaque barrier was removed. Nevertheless, being able to see

a Springer



398

Anim Cogn (2006) 9:393-403

the reward being pulled out of the bin (without seeing the bin
empty) substantially improved the subjects’ performance, as
indicated by the clear difference between the perception and
inference conditions. It is very likely that a reason for such
improvement was that subjects did not have to remember the
location of the reward that had been pulled out. Such a differ-
ence between conditions in the current study is reminiscent
of the data on visible and invisible displacements found in
the literature (e.g., Call 2001; Pepperberg and Funk 1990;
Mendes and Huber 2004). Subjects perform better when they
are allowed to see (as opposed to not see) whether the reward
is still being displaced between containers.

It is precisely the absence of the food on the platform after
the opaque barrier was removed that may have increased the
difficulty of the association condition, thus compromising
the comparison across conditions. Recall that the discrim-
inative stimulus in the association condition (i.e., colored
chip) was not as attractive as the one used for the inference
or perception conditions (i.e., food reward). This means that
subjects may have paid less attention to the plastic chip than
to the food item on the platform. It is possible that if the dis-
criminative cue had been a food item, subjects would have
paid more attention. However, the absence of the food item
at the end of the manipulation may not be the only factor
that contributed to the low performance in the association
condition because there was a decrease in performance over
trials in the inference condition. This may indicate that the
current procedure in which the experimenter removed one
of the rewards may have taken too long to complete and
subjects got distracted during its implementation.

There were no species or age differences in the inference
or perception conditions. This fits with previous results in
which no major differences were found between great ape
species (Call 2004). One possible reason for this result, espe-
cially regarding the lack of an age influence, is that I was un-
able to control for memory differences independently from
inferential ability. If some adults had worse memory than
that of some youngsters, this would have influenced their
performance in the inference test and masked any possible
age effects.

The next two experiments introduced several variations to
solve the potential problems raised in the current experiment
regarding the high attention demands (produced by a long
experimental manipulation and an unattractive discrimina-
tive cue in the case of the association condition) and the lack
of a memory control test.

Experiment 2: Increasing the salience
of the discriminative cue

This experiment addressed the issue of providing an attrac-
tive discriminative cue that subjects could use to make a
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correct decision. The colored plastic chips of Experiment
1 were replaced by apple pieces or peanuts to indicate the
presence (or absence) of the rewards at the time of choice.

Methods
Subjects

There were 22 apes in this experiment. I tested all apes
included in the previous study except the chimpanzees Brent
and Pia, which were not available at the time of testing.

Materials

I used the same bins and opaque barrier as in Experiment 1
but replaced the two colored plastic chips with two food types
(peanut and apple) that served as discriminative stimuli.

Procedure

The procedure was the same as in the Association condition
of Experiment 1 except that one of two food types instead
of one of two colored chips signaled the permanence of one
or the other reward under the bins. Such discriminative cue
was removed before subjects were allowed to select one of
the bins. Although the type of discriminative stimuli was ini-
tially counterbalanced across subjects, the failure of several
subjects to participate made the groups unbalanced. In all, 9
and 13 subjects received the peanut as an indication that the
grape and the banana remained, respectively. The position of
the reward (left-right) was counterbalanced within subjects
across trials. Subjects received two 12-trial sessions with the
same constraints as in the original test regarding the position
of the reward. Data were analyzed in the same way as in
Experiment 1.

Results

Subjects did not find the reward above chance, f,; =0.28,
p=0.78. Individual analyses confirmed this result as no-
body performed above chance (Binomial test: p>0.05). The
type of discriminative cue had no effect on the percent of
correct trials, t0 = 0.62, p = 0.54. There was no evidence of
improvement throughout testing either when comparing the
first and the last trial (sign test: p = 0.34) or the first and the
second sessions, ;1 = 1.20, p =0.24.

Discussion

Subjects performed at chance levels with no evidence of im-
provement over trials. This means that the use of neutral
stimuli in the last experiment cannot alone explain those
negative results. The current experiment also highlights that
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learning a conditional discrimination in which one type of
food indicated which reward was available is hard. Indeed,
Nissen et al. (1948) found that it took chimpanzees hundreds
or even thousands of trials to master conditional discrimina-
tion. These negative results contrast with the positive results
of the inference test in the previous experiment, and it could
suggest that mastering a conditional discrimination is harder
than is solving the problem by inferential reasoning.

One could argue that the difference between tests did not
reside in the type of cognitive process involved (conditional
discrimination vs. inferential reasoning) but in the type of
stimuli used. Note that in the current experiment the pres-
ence of one type of food (e.g., peanut) between the two bins
indicated the absence of a different type of food (e.g., ba-
nana) from under one of the bins. In contrast, in the previous
inference test, the type of food present between the bins also
indicated its absence from one of the bins.

I addressed this problem in the next experiment by making
the food type that act as the same discriminative cue as the
food type that would be removed from under one of the bins.
This manipulation also made the association and inference
tests more comparable to each other because the discrimina-
tive cue in both tests was identical. Additionally, I simplified
the bin manipulations, thus reducing the presentation time
and added a condition to assess memory retention.

Experiment 3: Memory test and simplified procedure

This experiment addressed two outstanding issues that made
the interpretation of the two previous experiments problem-
atic. First, subjects received a memory test to screen out
those subjects that may have failed the inference test because
they experienced difficulties remembering critical informa-
tion regarding the food locations. Second, the procedure was
simplified by reducing the time devoted to manipulating the
stimuli and implementing an association test that used the
same edible discriminative stimuli as those used in the infer-
ence test.

Methods
Subjects

There were 28 apes included in this experiment. I tested
all apes included in Experiment 1 except Walter and Toba
(which were not available at the time of testing) and six ad-
ditional chimpanzees (one male, five females) ranging in age
from 4 to 12 years of age that had not participated in any
of the previous experiments. These additional chimpanzees
belonged to a second group of chimpanzees housed at Wolf-
gang Kohler Research Center, Leipzig Zoo. Their housing

conditions were comparable to the apes tested in previous
experiments. Although these chimpanzees were also experi-
enced in cognitive testing, they had not received Experiments
1 and 2. The inclusion of these subjects allowed us to assess
whether previous experience on this kind of task facilitated
the performance in the current experiment.

Materials

Two white opaque cups (9.5 cm x 7 cm) placed upside
down on a sliding platform were used. An opaque plastic
screen was used to block the subjects’ visual access to some
experimental manipulations. Grapes, pieces of banana, or
monkey chow were used as rewards.

Procedure and design

The procedure was similar to that used in previous exper-
iments. Namely, the experimenter placed two different re-
wards on the platform covered with cups and removed one
of them before letting the subject choose one of the cups.
Subjects received four conditions depending on the number
of rewards placed initially on the platform and the timing in
removing them from it:

Inference (I): The E placed a banana piece and a grape on
opposite sides of the platform in full view of the subject
and covered them with the white cups. Then, he interposed
the opaque screen between the subject and the cups, lifted
the left cup with one hand while moving the other hand
toward the uncovered reward first and then to the center
of the platform while at the same time replacing the left
cup in its original position. This procedure was repeated
with the cup on the right side. In half of the trials, the
experimenter removed the reward from the left side while
in the other half of the trials he removed the reward from
the right side. Then, the experimenter removed the screen
revealing the removed reward in the center of the platform
that was discarded after the subject had seen it.

Association (A): The E placed one banana slice and a grape
on opposite sides of the platform in full view of the sub-
jectand covered them with the white cups. Additionally, he
placed a third reward on the center of the platform that cor-
responded to the reward that the experimenter would later
removed from under one of the cups. Thus, if the E was
intending to remove the banana, he placed another banana
on the center. This manipulation was aimed at investigat-
ing whether subjects would use that as a signal for the
reward that would be missing after the E’s manipulation.
Then, he interposed the screen and carried out the same
food removal procedure mentioned in the previous con-
dition except that before removing the screen, the E took
out one of the two rewards that were now on the center
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of the platform (recall that one reward had been placed
there before the screen was raised and the other resulted
from removing it from under one of the cups). So when the
E removed the screen, there was only one reward on the
center of the platform that he discarded after the subject
had seen it.

Memory (M): The E placed one banana and one grape on
opposite sides of the platform in full view of the subject
and covered them with the white cups. Then, he lifted
one of the cups, removed the reward (in full view of the
subject) and discarded it. The E then interposed the screen
and waited for the same amount of time that it took him to
complete the food removal manipulation in the previous
conditions. After this period had elapsed, the E lowered
the screen and allowed the subject to select one of the two
cups on the platform. The aim of this condition was to
assess whether subjects were able to remember the reward
that had been removed. More importantly, this condition
allowed us to screen out those subjects that may have failed
the previous two conditions due to inattention or memory
failure.

Control: The E placed two cups on the platform, inter-
posed the screen, and showed the subject a food re-
ward (either a grape or a piece of chow). Then, he
placed the reward under one of the two cups behind the
screen. The baiting procedure consisted of lifting each
cup in succession and depositing the reward under one
of then. After completing this procedure, the E removed
the screen and allowed the subject to select one of the
cups. This condition assessed whether subjects may be
solving previous conditions by using inadvertently given
cues either from the experimenter, the food, or the baiting
procedure.

Each subject received one session of 20 trials. The first
16 trials were devoted to the inference (four trials), associa-
tion (four trials), and memory (eight trials) conditions. Each
condition was administered in four-trial blocks. Thus, in a
given session there was one inference and one association
block and two memory blocks. Inference and association tri-
als never followed each other but were always preceded or
followed by memory trials. In particular, there were four test-
ing orders (I-M-A-M, M-I-M-A, A-M-I-M, and M-A-M-I)
counterbalanced across subjects so that the four possible or-
ders were presented to the same number of subjects. The last
four trials of the testing session (trials 17-20) were devoted
to the control condition because if subjects had learned to
use inadvertently given cues, the last few trials were deemed
the best trials to discover it. The position of the type of re-
ward (left vs. right) was randomly determined with the only
two restrictions that it appeared the same number of times
on each side and could not appear more than two times in
succession on the same side.
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Data analysis

The memory condition was used to screen out subjects that
may not be paying attention to the experimenter’s manipula-
tions or were not able to remember critical events accurately.
Subjects that scored less than six trials correctly (out of
eight) were excluded from further analyses. After the initial
screening was completed, it was investigated whether con-
dition, species, or age had an effect on performance. Finally,
I also analyzed whether there was any evidence of improve-
ment during testing, including the assessment of first trial
performance.

Results

Overall, subjects selected the correct container in 84.8%
(SEM =3.2) of the trials in the memory condition, which
is well above chance, t,7 = 10.97, p<0.001. However, there
were six subjects (two gorillas, two bonobos, one orangutan,
and one chimpanzee, all of which had participated in the pre-
vious experiments) that scored less then six correct responses
(out of eight) in this condition and were dropped from subse-
quent analyses. Figure 3 presents the mean percent of correct
trials in each condition. A 3 x 4 mixed ANOVA investigated
the effect of species and condition on the percentage of cor-
rect trials. Since sphericity could not be assumed for the
condition factor (Mauchly’s W =0.543, df =2, p =0.006),
the degrees of freedom were adjusted using the Huynh—Feldt
index. There were significant differences across conditions,
F» 31 =8.20, p =0.002, but no effect of species, F3 33 = 1.23,
p=0.33, or species x condition, Fs53; =0.23, p=0.95.
Bonferroni—-Holm post hoc tests revealed that subjects per-
formed significantly better in the inference compared to the
association (p =0.015) and control conditions (p =0.016).
There were no significant differences between the asso-
ciation and the control condition (p=0.39). Moreover,
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Fig. 3 Mean percent of correct trials (£ SEM) in each of the three
conditions of Experiment 3 (*p<0.05, *p<0.01)
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Fig.4 Percentof correct trials in the inference condition of Experiment
3 as a function of age. Numerals denote those data points that represents
two subjects instead of just one

subjects were above chance in the inference condition,
)1 =5.26, p<0.001, but not in the association, f,; = 1.14,
p=0.27, or in the control condition, #,; = 0.0, p =1.0.

These results were already evident in the first trial. Sub-
jects performed significantly better in the inference com-
pared to the association condition (sign test: p=0.022,
n=13). Although 15 of the 22 subjects selected the correct
alternative on the first trial of the inference condition, this was
not statistically significant (x>=2.91, df=1, p=0.088).
There was, however, no significant improvement over tri-
als when comparing the first with the last trial (sign test:
p=0.29, n=22). I also investigated the effect that previous
experience with this task may have on performance in the in-
ference condition by comparing those chimpanzees that had
previously participated in Experiment 1 with those that had
only participated in the current experiment. There were no
significant differences between those two groups, t;o = 1.60,
p =0.14, especially after matching the groups by age by re-
moving the two adults (Fraukje and Dorien) that had only
participated in Experiment 1, g =1.08, p=0.31.

Figure 4 presents the number of correct responses in the
inference condition as a function of age. Due to the non-linear
distribution of the variables depicted in Fig. 4, the variable
age was log transformed and a significant correlation be-
tween the number of correct responses and age emerged,
rp1 =0.53, p=0.011. This correlation was still significant
after controlling for the performance in the memory condi-
tion, r19 = 0.56, p = 0.008. No significant relation was found
between age and the score in the association condition with,
ri9=0.21, p=0.37, or without controlling for the memory
score, 11 =0.20, p =0.37.

Discussion

The results of the current experiment replicated those of Ex-
periment 1. Subjects found the reward above chance in the

inference but not in the association or in control conditions.
This means that subjects were not solving the task by learning
to associate the sight of one reward with the selection of the
other reward, or by using inadvertently given cues. Further-
more, the ability to establish inferences appeared to increase
with age. Subjects below 8 years of age rarely scored above
75% correct in the inference test. This effect was indepen-
dent of memory ability, which in the current study remained
constant regardless of age (although this may have happened
because only subjects above 3 years of age were included
in the study). Finally, there was no evidence of improve-
ment in the inference condition either within this experiment
or across experiments by comparing naive and experienced
subjects in the inference task administered in Experiment 1.

A comparison between inference and association con-
ditions is important. These two conditions were identical
regarding what the subjects saw just prior to selecting one
of the containers—a food item informed them of what they
should avoid. The difference, of course, was created during
the setting up of the experiment. In the inference condition,
there were only two items, one under each cup, whereas in
the association condition there was an additional item placed
on the center of the platform that could have been used as
discriminative cue. Subjects consistently performed better in
the inference compared to that in the association condition,
a result that was independent from memory ability and that
was evident from the beginning of testing.

Subjects performed better in the inference condition of
the current experiment compared to the inference condi-
tion of Experiment 1. In fact, the inference condition of
Experiment 3 was equivalent to the perceptual condition of
Experiment 1. Such an improvement cannot be attributed to
a practice effect because the six naive chimpanzees that only
participated in Experiment 3 performed at the same level
as the others. Moreover, recall that there was no evidence
of improvement due to practice in Experiment 1. There are
two other factors that may have contributed to the observed
improvement. First, the task administration substantially re-
duced the attentional demands on the subjects because there
were less containers and no displacements. Second, the mem-
ory condition in Experiment 3 allowed us to screen out those
subjects that may have suffered from attention or memory
deficits during the task. This may have boosted the scores,
although recall that subjects performed at the same level in
the inference condition of Experiment 3 and the perception
condition of Experiment 1.

One could argue that the greater number of items in the
association condition may have imposed greater cognitive
demands than the inference condition, thus explaining the
poorer performance in the former. Alternatively, the sight of
the food item on the platform prior to raising the screen may
have distracted the subjects, thus impairing their memory
of the items’ locations. However, recall that in the previous
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experiments included in the current study, there were the
same number of items in all conditions, and subjects still
performed better in the inference compared to the association
conditions.

General discussion

Subjects of all great ape species were capable of making
inferences by exclusion involving two different food items.
After one item was hidden in one of two bins, and they later
saw one of those items being discarded, they selected the
bin containing the non-discarded item. There was a positive
relation between inferential ability and age, which was inde-
pendent from species and memory ability. In contrast, apes
were unable to solve the same problem using conditional
discrimination with a variety of discriminative cues. Several
implications can be derived from these results.

First, it appears that subjects found the food using an
inferential process, not one based on conditional discrimina-
tion in which they learned to avoid the bin that contained the
discarded food. In fact, there was no evidence of learning in
any of the three experiments. Moreover, if very fast learning
explains the performance in the inference conditions, it is
unclear why subjects did not learn in any of the three associ-
ation conditions in each of the three experiments. This lack of
learning would fit Schusterman et al.’s (1993) proposal that
subjects in exclusion paradigms do not learn to associate the
novel label to refer to unfamiliar stimuli, but they used labels
to discriminate between the alternatives available. Similarly,
in the current task subjects did not learn to associate cer-
tain cues with certain outcomes, they were using the cue to
decide between alternatives. Therefore, it is highly unlikely
that conditional discrimination is responsible for the current
findings.

One could postulate that subjects may have learned to as-
sociate the discriminative cue (i.e., the sight of a particular
food item) with the appropriate response (i.e., selection of
the container that held the other food item) in the past. How-
ever, this possibility is unlikely for several reasons. First,
and most importantly, it is unclear why subjects did not also
apply such a rule in the association condition of Experi-
ment 3. Recall that in that experiment, subjects witnessed
the same discriminative stimulus in both the inference and
association conditions at the time of choice. Yet, they only
performed above chance in the inference condition. One way
to further rule out a previous history of conditional discrim-
ination would be to present subjects with novel foods in this
setup and see how they respond. Second, it is very unlikely
that subjects had experienced a situation in which they wit-
nessed a human (let alone another ape) hide two different
types of food under two different containers and later they
observed the human discard one of the food items without
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seeing from where the food item had been extracted. This
is simply something that apes do not typically experience in
our facility and the current experiment was the first time that
they received this kind of test. Moreover, our results confirm
that conditional discrimination involving arbitrary stimuli,
which is often invoked to explain a variety of phenomena,
is extremely difficult to master for apes (e.g., Nissen et al.
1948).

Second, the current findings also have important impli-
cations for current discussions on object representation in
animals. Indeed, using inference by exclusion in the current
setup requires subjects to encode ‘what is where’ informa-
tion because there were two locations and two types of food
item. Moreover, it also requires subjects to be capable of
object individuation based on object features (Santos et al.
2002; van de Walle et al. 2000; Xu and Carey 1996) because
subjects have to understand that the object that the experi-
menter discarded was the same that was in the box. Results
from the association condition in Experiment 3 further re-
inforce the notion that apes engage in object individuation.
In fact, subjects’ failure in this condition may have occurred
precisely because they assumed that the piece left in the cen-
ter of the platform during the baiting process and the one
they found right before their choice was the same one. In
this case, however, object individuation was based on spatio-
temporal features, not on object features. Mendes, Rakoczy,
and Call (unpublished data) have recently found that apes
can use both spatio-temporal and feature object information
in a search paradigm previously used with human infants
and rhesus macaques (Santos et al. 2002; van de Walle et al.
2000).

Third, the current results suggested an improvement in
inferential ability as a function of age. Compared to older
subjects, subjects below 8 years of age rarely scored above
75% correct. Such change with age was not detected in the
association or the memory conditions. The former is prob-
ably due to a floor effect (since subjects did not master the
task), the latter probably due to a ceiling effect because even
our younger subjects were capable of solving the memory
task. The age before adolescence may have especial signif-
icance for ape cognitive development. Other studies have
shown that this age marks a transition in several abilities
such as double-checking in gaze following (Bréduer et al.
2005), mirror self-recognition (Povinelli et al. 1993), and
second-order classification of objects (Spinozzi 1993). Such
a marked change with age suggests that the type of infer-
ence investigated in the current study is not equivalent to
the inference displayed in object permanence tasks such as
invisible displacement, which is mastered much earlier dur-
ing development. Since Barth and Call (2006) had tested
invisible displacements in many of the same subjects in-
cluded in the current study, it was possible to correlate
the performance in both tasks. There was no significant
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relation between the performance in the inference condi-
tion of Experiment 3 and single (r=0.39, N=19, p =0.10)
or double adjacent displacements (r= —0.14, N=19,
p=0.57). Additional studies will be needed to confirm the
positive relationship between inferential ability and age ob-
served in the current study.

Finally, there was no evidence of species differences in
inferential ability. This means that this ability can be traced
at least as far back to the common ancestor of all extant
great apes. Clearly, other non-human species such as marine
mammals and one dog have shown evidence of inference by
exclusion (e.g., Herman et al. 1984; Kaminski et al. 2004;
Schusterman et al. 1993). However, all these studies involved
an extensive period of training in which subject learned to
associate certain labels with certain objects, and only then
exclusion was tested. In contrast, the current study tested
subjects without any prior training on stimuli relations. It is
still an open question whether those species that can solve
exclusion problems after extensive training on stimuli rela-
tions will also be able to solve the task used in the current
study.
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