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Abstract There is currently much debate about the nature
of social learning in chimpanzees. The main question is
whether they can copy others’ actions, as opposed to repro-
ducing the environmental effects of these actions using their
own preexisting behavioral strategies. In the current study,
chimpanzees (Pan troglodytes) and human children (Homo
sapiens) were shown different demonstrations of how to
open a tube—in both cases by a conspecific. In different
experimental conditions, demonstrations consisted of (1)
action only (the actions necessary to open the tube without
actually opening it); (2) end state only (the open tube, with-
out showing any actions); (3) both of these components (in
a full demonstration); or (4) neither of these components
(in a baseline condition). In the first three conditions sub-
jects saw one of two different ways that the tube could
open (break in middle; caps off ends). Subjects’ behavior
in each condition was assessed for how often they opened
the tube, how often they opened it in the same location as
the demonstrator, and how often they copied the demonstra-
tor’s actions or style of opening the tube. Whereas chim-
panzees reproduced mainly the environmental results of
the demonstrations (emulation), human children often re-
produced the demonstrator’s actions (imitation). Because
the procedure used was similar in many ways to the pro-
cedure that Meltzoff (Dev Psych 31:1, 1995) used to study
the understanding of others’ unfulfilled intentions, the im-
plications of these findings with regard to chimpanzees’
understanding of others’ intentions are also discussed.
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Introduction

For the last decade, there has been a lively debate about the
nature of primate, especially chimpanzee, social learning
in problem-solving situations. Several investigators have
looked but have found no evidence that chimpanzees or
orangutans actually copy the actions of conspecifics in
problem-solving situations that required them to use a
tool to obtain food (Call and Tomasello 1994; Myowa-
Yamakoshi and Matsuzawa 1999; Nagell et al. 1993;
Tomasello et al. 1987). Ape observers in these studies did
benefit from watching others using the tool, but various
lines of evidence suggest that what they were learning was
something about the relation between the tool and the food
as they were being manipulated, not about the demonstra-
tor’s actions or behavioral strategies. Subsequent studies
provided support for this view, especially that of Call and
Tomasello (1995), who did not allow orangutans to observe
the movements of the tool and food but only the demon-
strator’s manipulation of one end of the tool. When result
information was blocked in this way, no effect of demon-
stration could be detected in the orangutans’ subsequent
use of the tool (their behavior was the same as that of a
control group who saw no demonstration at all). Studies
of the social learning of capuchin monkeys led Visalberghi
and Fragaszy (1990) to some similar conclusions about this
species.

Recently, Whiten et al. (1996) reported that chimpanzees
did copy some of a human demonstrator’s actions in a
problem-solving task. The methodological innovation of
this study was that the demonstrated problem-solving ac-
tivity was complex and even contained some irrelevant ac-
tions. Of particular importance, in one experimental con-
dition subjects saw the human twisting a bolt and then
removing it as he tried to open a box—the twisting action
being irrelevant to removal of the bolt (or to the way the
box opened). Some chimpanzees showed evidence of re-
producing this twisting, which Whiten et al. interpreted as
evidence that they were copying actions. Tomasello (1996),
however, pointed out that even though twisting or not
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twisting led to the same ultimate result—removal of the
bolt and opening of the box—it is still possible that the
chimpanzees learned from their observations simply that
the bolt afforded twisting (a kind of lower-level result).
This same interpretation applies to recent findings on mon-
keys and apes (Myowa-Yamakoshi and Matsuzawa 1999,
2000; Custance et al. 1999; Bugnyar and Huber 1997;
Stoinksi et al. 2001; Stoinski and Whiten 2003) because
subjects witnessed both information about actions and re-
sults. Indeed, Myowa-Yamakoshi and Matsuzawa (2000,
p. 16) concluded that “chimpanzees anticipate the forth-
coming action of others by perceiving the directionality
and physical causality of objects as a more available cue
than the details of the body movements of the demonstrator
performing the manipulation.”

In general, Call and Carpenter (2002, see also Carpenter
and Call 2002) point out that demonstrations of object ma-
nipulations contain many different sources of information,
and therefore that an observer might potentially focus on
one or many different components of the behavior. They ar-
gue that what is needed methodologically is a set of experi-
mental demonstrations in which it is possible to tease apart
at least some of these different components. The current
study represents an attempt in this direction using an ob-
ject manipulation task. Although object manipulation tasks
typically exhibit a causal correspondence between actions
and results, it should be possible to dissociate them, at least
to some extent, when a given result can be achieved by
multiple actions. For instance, cracking a nut open can be
achieved by biting, stomping, or throwing the nut against a
hard surface. Likewise, the nut can be opened by splitting it
in the center, puncturing a hole in the top, or simply break-
ing the husk into many small fragments. Using this idea,
we presented chimpanzees and children with an object (a
PVC tube) that could be opened with different actions, and
which could be opened in two different locations corre-
sponding to two different results. In addition to a baseline
condition (with no demonstration), there were three exper-
imental conditions. In the Full Demonstration condition
(FD) a conspecific demonstrated for subjects how to open
the tube; as in previous studies, this was done in different
ways for different subjects (e.g., breaking it open vs taking
off its cap). In the Action Only condition (AO) the conspe-
cific tried but failed to effect the desired manipulation, thus
demonstrating an appropriate action without demonstrat-

ing the desired result (e.g., pulling on the tube’s ends to no
avail—inspired by Meltzoff 1995, and similar to a condi-
tion used in Myowa-Yamakoshi and Matsuzawa 2000). In
the End State Only condition (EO) subjects were presented
with the tube already opened; in this case they saw a salient
affordance of the object but without any behavioral manip-
ulations at all. Thus, each of these conditions emphasized
actions and/or results to different degrees depending on the
degree to which the various components were present in
each condition. If subjects copied actions, they would ben-
efit from the FD and AO conditions whereas if they copied
results they would benefit from the FD and EO conditions.
We tested chimpanzees in one study, and in a second study
we gave the same task in the same experimental condi-
tions to human 2-year-old children to serve as a point of
comparison. Because our procedure replicated in important
ways the procedure of Meltzoff (1995) and Bellagamba
and Tomasello (1999) studies of children’s understanding
of others’ unfulfilled intentions, we also were able to make
some inferences about intention understanding in the two
species as well.

Experiment 1: chimpanzees

Chimpanzees in each of three information conditions (Full
Demonstration, Action Only, End State Only) were shown
a demonstration of one of two ways that a tube could open:
the caps came off the ends or it broke open in the mid-
dle. Two of these three conditions (Full Demonstration,
Action Only) were social conditions, in which a demon-
strator performed some action on the tube. There was also
a baseline condition with no demonstration (see Fig. 1 for a
summary diagram of the different types of conditions). The
demonstrator was another chimpanzee with previous expe-
rience with the tube. The basic questions were (1) whether
the subjects would copy results—open the tube, open the
tube in the same location as in the demonstration and (2)
whether they would copy the particular actions chimpanzee
demonstrators demonstrated (e.g., bend, twist, pull, etc.).
To investigate whether seeing the reward would enhance
chimpanzees’ learning of the task, half the tubes in each
condition were transparent, with food visible inside, and
half the tubes were opaque, with no food inside.

Fig. 1 Number of subjects
assigned to each of the four
conditions



153

Subjects

Fifty chimpanzees (Pan troglodytes) housed at the Yerkes
Regional Primate Research Center participated in this
study. There were 34 females and 16 males with a mean
age of 11.5 years (range 4–40 years). Subjects were tested
individually in their indoor cages. Two adult female chim-
panzees (both dominant in their respective groups) acted
as the main demonstrators in the social conditions. Seven
other chimpanzees also acted as demonstrators for their
respective offspring. Subjects were fed according to their
normal daily routine (i.e., twice a day on a diet of fruit,
vegetables, and monkey chow). Water was available ad li-
bitum, and subjects were not food or water deprived during
testing.

Materials

The apparatuses each consisted of sets of two cylindrical
tubes (10×4.5 cm, 0.5 cm thickness) and two white PVC
caps (3.5 cm in height, 5 cm in diameter). There were two
types of tubes: opaque and transparent. The opaque tubes
were made of opaque gray PVC and the transparent tubes
were made of transparent PVC. The two 10-cm tubes were
glued together (with “super glue” at four points) to create a
20-cm-long tube and a cap was fitted onto each end of the
20-cm tube to create a dumbbell-shaped object. Although
this recomposed 20-cm tube stayed together as a unit, it
still could be opened by either removing the caps from the
ends, or by separating the two 10-cm tubes in the center
(see Fig. 2).

Procedure

Subjects were randomly assigned to one of four conditions
with the only constraints being that age and sex were ap-
proximately equivalent across groups. There were 13 sub-
jects in the Full Demonstration (7 caps and 6 middle, see
below) and baseline conditions and 12 subjects in the Ac-
tion Only and End State Only conditions. Half of the sub-
jects in each condition received transparent tubes whereas
the other half received opaque tubes. Transparent tubes had
fruit inside and opaque tubes were empty. In addition, in
the three information conditions (i.e., Full Demonstration,
Action Only, and End State Only), half of the subjects
received information about removing the caps while the
other half received information about breaking the tube
in the middle. The conditions consisted of the following
steps:

– Full Demonstration. The subject was placed in the same
room with a proficient demonstrator who opened two
tubes in succession in full view of the subject. The
demonstration always took place after the subject had
joined the demonstrator. Although the subject was sub-
ordinate to the demonstrator, it approached and observed
her behavior. If the subject failed to look at the demon-

Fig. 2 Intact tubes (a) and opened tubes showing the two possible
end results (b, c)

strator, the experimenter provided another tube until the
subject had observed two consecutive demonstrations of
how to open the tube. The subject thus saw both the ac-
tions of the demonstrator and the end state of the tube in
this condition.

– Action Only. The subject was placed with a proficient
demonstrator who attempted (but failed) to open a tube
in full view of the subject. This condition thus corre-
sponds to the intention condition of Meltzoff (1995). In
this condition, subjects saw only the actions necessary
to open the tube, without ever seeing the end state of the
tube open. To prevent demonstrators from opening the
tube, we glued the caps and used a 20-cm piece of PVC
that had not been cut in two. To simulate the appearance
of a cut tube, we traced a groove in the center of the
uncut tube. Human observers could not distinguish the
cut from the uncut tube and chimpanzee demonstrators
seemingly treated it as a cut tube—repeatedly trying
to open it. We kept subjects in the same room with the
demonstrator until they had witnessed several attempts,
at which time the subject was moved to a different cage
and given an experimental tube. One shortcoming of
using chimpanzee demonstrators in this condition is
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Table 1 Definitions for the various actions that subjects applied to the tube

Action Definition

Shake Hold the tube with one hand and move quickly up and down or back and forth using quick wrist or arm
movements

Bend Hold onto both caps with each hand and push to break the tube in the center or place foot on the center of the
tube, grab onto both caps with each hand and pull up to break the tube in the middle. This also includes cases
where subjects used a twisting motion in the center of the tube

Twist Hold cap with hand while applying twisting motions to it
Pull Hold cap with hand and pull away from the tube
Drop Release tube to the ground
Hit substrate Hold tube with one hand and apply a quick arm or hand motion to strike some other object such as the ground,

the fence, or any other objects present
Hit centera Hold the tube with one hand and strike its center part or caps with the palm of the other hand
Bite-licka Touch the center of the tube with the lips or the teeth
Bite-twista Hold cap with teeth while applying twisting motions to it
Bite-pulla Hold cap with teeth and pull up away from the tube
Touch substrate Hold the tube with one hand and contact some part of the enclosure in a directed manner
Roll Make the tube rotate on the ground in its main axis
Hit palma Strike the center or caps of the tube with the palm while the tube is resting on the ground
Hit wrista Strike the center or caps of the tube with an inverted wrist while the tube is resting on the ground
Press on While the tube is resting on the ground, apply pressure (weight) on its center or caps with feet, hands, or body.

This may include such actions as stepping or sitting on the tube

a These actions were only observed in chimpanzees

that when they discovered that their usual actions did
not work, they attempted other actions. Despite this
shortcoming, the target action (i.e., action used to try
to open the tube) was still the main action used by the
demonstrators.1

– End State Only. The experimenter placed two empty,
opened tubes inside an empty cage and then allowed the
subject to enter that cage and find the tubes. The subject
thus saw only the end state of the tube, without seeing
any of the actions necessary to open it. This would be
analogous to finding some cracked nutshells in the forest.
All subjects looked at the tubes inside the cage and in
most cases chimpanzees picked them up and carried out
simple manipulations on them such as mouthing them.

– Baseline. The subject was simply handed one tube with-
out any kind of prior exposure to the tubes.

We trained the demonstrators to perform the appropri-
ate actions by offering a baited tube that could only be
opened using one method. For instance, to shape the mid-
dle condition, we glued the caps to the tube so that the
only method to open the tube was breaking it in the mid-
dle. We repeated this process until the subject had opened
the tube four times. Then, we offered a tube that could
be opened in both ways (middle or caps) for four addi-
tional trials. If a subject opened the tube using the shaped
method in all four trials it was judged fit to serve as a
demonstrator.

After the exposure to the demonstration in the informa-
tion conditions, subjects were moved to an adjacent cage

1 Note that this condition may have also offered some indirect infor-
mation about results in the form of information about which actions
do not produce the desired results.

and were allowed to manipulate a test tube for 180 s. If
subjects opened the tube within the 180-s period, they were
given a second tube. Otherwise testing was terminated. All
sessions were videotaped.

Data analysis

Across experimental conditions we analyzed four different
measures: percentage of subjects who opened the tube,
mean latency to open the tube, percentage of subjects
matching the tube’s result, and percentage of subjects
matching the demonstrator’s actions. Opening the tube con-
sisted of either breaking the tube in the middle or removing
at least one of the caps within the 180-s period. Latency
consisted of the time it took the subject to open the tube
after it was placed in the cage within its reach. Since la-
tency to open the tube is directly influenced by whether
subjects were successful at opening the tube, we restricted
the latency analyses to those subjects that opened the tube.
In this way, latency is not directly dependent on the per-
centage of success. Matching the tube’s result consisted of
reproducing the end state of the tube in each of the three in-
formation conditions. For instance, if the subject witnessed
the demonstrator removing the cap, a match was scored if
the subject removed the cap (regardless of the action used
to do so) whereas a mismatch was scored if the subject
broke the tube in the center.

Finally, matching the demonstrator’s actions consisted
of reproducing the demonstrator’s action regardless of the
body part used to execute the action (see Table 1 for the
actions that we considered). Matching the actions that
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they witnessed can only be studied in the social condi-
tions because they are the only conditions in which sub-
jects witnessed a demonstration. However, the significance
of the percentage of matches remains unclear unless it is
compared to a baseline. A high or a low percentage of
matches is meaningful only if it significantly differs from
the baseline. To assess whether the matches in the social
conditions occurred more than expected by chance, we
used the subjects’ behavior in the non-social conditions
in which subjects had seen no demonstration. These two
conditions allowed us to estimate the probability that sub-
jects would use some actions also used by the demonstra-
tor after they had encountered an opened tube (End State
Only condition) or without any prior information (baseline
condition).

However, estimating this probability is not straightfor-
ward. One possibility is to pool all the demonstrators’ re-
sponses and compare them to the subjects’ responses. This
practice, however, compromises any inferential statistical
tests. Another possibility is to randomly pair the subjects’
and the demonstrators’ actions. The problem with this op-
tion is that there are multiple ways in which the subjects’
and the demonstrators’ actions can be paired. We solved the
problem of multiple possible pairings by pairing the sub-
ject’s actions with 100 permutations of the demonstrator’s
actions (we used the actions of the two main demonstrators)
in the Full Demonstration condition and calculating the
percentage of agreement between the subject’s actions and
each of the 100 permutations. The distribution of the per-
centage of agreement, and in particular, the median value
of the distribution, was used to establish the chance prob-
ability of matching the demonstrator’s actions in each of
the non-social conditions. This is the value that appears
in Fig. 5 for the End State Only and baseline conditions.
Note that this does not reflect the percent of matches be-
tween the subject’s and the demonstrator’s actions. It sim-
ply reflects the expected probability of matching the ac-
tions of a model if the subject did not have an opportunity
to observe the model. When matching the demonstrator’s
actions in the Full Demonstration condition with the sub-
jects’ actions in the End State Only condition, we kept the
results consistent. In other words, we paired the actions
used by the demonstrator to remove the cap in the Full
Demonstration condition with the actions of those subjects
who found tubes with the caps off in the End State Only
condition.

A second observer scored 20% of the subjects to assess
the inter-observer reliability of the subjects’ actions. Inter-
observer reliability was excellent (Cohen’s κ=0.78). All
statistical tests were two tailed.

Results

Tube opening

Figure 3 presents the percentage of correct responses as a
function of experimental condition in trial 1. There were no

Fig. 3 Percentage of subjects who opened the tube across conditions

significant differences across conditions (χ2=1.96, df=3,
n=50, P=0.58). Similarly, there were no significant dif-
ferences between the information conditions (combined)
and the baseline condition (Fisher test: P=0.47). The type
of tube used (i.e., opaque or transparent) did not have
any overall (Fisher test: P=0.35) or specific effect within
any of the experimental conditions (Fisher tests: P>0.54
in all cases). Likewise, in the second trial there were no
significant differences across conditions (χ2=2.22, df=3,
n=35, P=0.53) or between the information conditions
and the baseline condition (Fisher test: P=0.30). How-
ever, subjects were more likely to open transparent com-
pared to opaque tubes in this second trial (Fisher test:
P=0.003).

Latency

Focusing on the successful chimpanzees, we analyzed their
latency to open the tube across conditions. A mixed 4×2×2
analysis of variance (ANOVA; Condition: Full Demonstra-
tion, Action Only, End State Only, baseline; Type of tube:
transparent, opaque; Order: trial 1, trial 2) on the latency to
open to the tube indicated only a significant effect of Or-
der, F(1,24)=5.42, P=0.029, and no effect of Type of tube,
F(1,24)=0.16, P=0.69, Condition, F(1,24)=0.23, P=0.88,
Order × Type of tube, F(1,24)=3.30, P=0.082, or Order ×
Condition, F(3,24)=0.87, P=0.47. Thus, subjects opened
the tube in the first trial with equal speed regardless of the
type of tube and experimental condition but took less time
to open the tube in the second trial (M=16.7, SE=4.0) com-
pared to the first one (M=42.5, SE=8.0). Restricting the
analysis to the first trial only also confirmed no significant
effects of Type of tube, F(1,42)=0.19, P=0.66, Condi-
tion, F(3,42)=0.86, P=0.47, or Type of tube × Condition,
F(3,42)=0.28, P=0.84.

Matching results

Figure 4 presents the percentage of subjects who matched
the tube result (or the demonstrator’s attempted result in
the Action Only condition) in each of the experimental
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Fig. 4 Percentage of subjects that copied the tube result across con-
ditions

conditions. Since the type of tube did not have any ef-
fect, data are shown after collapsing the transparent and
opaque tube conditions. There were significant differences
across conditions (χ2=7.68, df=2, N=37, P=0.021). Sig-
nificantly more subjects matched the tube result in the
End State condition than in the Action Only condition
(Fisher test: P=0.015). In fact, subjects in these two
conditions produced the opposite results. There were no
significant differences between the Action Only condi-
tion and the Full Demonstration condition (Fisher test:
P=0.092) or between the End State Only condition and
the Full Demonstration condition (Fisher test: P=0.34).
Thus, chimpanzees matched the demonstration’s result
more often in the condition in which only the end state was
shown.

Matching actions

We conducted two separate analyses, each with differ-
ent criteria for scoring a match between the demonstra-
tor and the observer. The first analysis (the most restric-
tive) considered a match only if the subject successfully
used the same action as the demonstrator to open the tube.
Consequently, this analysis only included successful sub-
jects. The second analysis considered a match if the sub-
ject used the same action that the demonstrator had used
to open the tube, regardless of whether that action was
successful.

Figure 5 presents the results of the first analysis: the
percentage of successful subjects that matched the demon-
strator’s successful (or failed in the Action Only condi-
tion) actions in each condition for trial 1 and trial 2. There
were no significant differences between conditions with
and without a demonstration in trial 1 (Fisher test: P=1) or
trial 2 (Fisher test: P=0.66). Note that only two out of ten
(20%) chimpanzees in the Full Demonstration and one out
of eight (12.5%) in the Action Only condition matched the
demonstrator’s actions. Moreover, note that subjects in the
End State Only condition obtained comparable scores, even
though they had not witnessed a demonstrator in that con-
dition. This means that subjects that witnessed the demon-

Fig. 5 Percentage of subjects that opened the tube matching the
demonstrator’s actions in the Full Demonstration and the Action
Only conditions. Also shown is the estimated probability of match-
ing the demonstrator’s actions in the End State Only and baseline
conditions, which represent the chance probability of matching the
demonstrator’s actions without having seen the demonstrator

strator’s actions produced the same actions as those that
were not exposed to the demonstrators’ actions, just its
results.

Our second analysis considered subjects’ behavioral at-
tempts, not just their successful actions (thus including all
subjects), because it was possible that subjects tried to re-
produce the demonstrator’s actions but failed to produce
the successful results. Table 2 presents the number of sub-
jects that copied the successful (or failed) actions of the
demonstrator regardless of whether the subject’s actions
produced the result of opening the tube (i.e., this analysis
includes subjects’ attempts). Recall that the values in the
End State Only and baseline conditions represent estimated
values. We used a lenient criterion and credited subjects
with matching the demonstrator’s actions if among all their
actions there was one that matched the successful action
of the demonstrator. There were significant differences be-
tween the information conditions (combined) and the base-
line condition (Fisher test: P=0.05). In particular, 48.0%
of the subjects in the information conditions matched the
demonstrator’s successful action whereas only 15.4% of the
subjects in the baseline condition did so. However, there
were no significant differences across the information con-
ditions (χ2=2.79, df=2, n=31, P=0.25). Thus, there was
no evidence that observing the actions of a demonstrator
had an effect on the subjects’ actions because those that
observed a demonstrator were no different from those that
did not observe one. A similar pattern was observed in the
second trial.

Discussion

Chimpanzees opened the tube equally as often in each of
the four experimental conditions. The majority opened the
tube even in the baseline condition, in which they saw no
demonstration at all. Chimpanzees that opened the tube
took the same time to do so across conditions. Comparing
those conditions in which chimpanzees witnessed only
the result (End State Only) or only the action (Action
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Table 2 The number of chimpanzee subjects that copied the suc-
cessful (or failed) actions of the demonstrator (including attempts) in
the first trial. Bold and normal numbers represent chimpanzees that
matched or did not match, respectively, the actions of the demon-
strator. Excluded from the analysis are those subjects that did not do
anything to the tube. Also excluded are two cases (one in the Full
Demonstration and another in the Action Only condition) in which
the demonstrator’s actions could not be determined with precision.
2 nm Two or more of the non-demonstrated actions (bend, twist,
pull, or hit); other an action not listed here. If a subject observed
the demonstrator bend, and, for example, the subject both bent and
twisted the tube, only bend was counted; if the subject observed the
demonstrator twist, and the subject twisted and did some other action,
only twist was counted

Bend Twist Pull Hit 2 nm Other

FD
Bend 1 1
Twist 1 1 2 1
Pull 2 1
Hit 1
AO
Bend 2 2
Twist 1 2
Pull 1
Hit 1
EOa

Bend 2 1
Twist 3 1
Pull 2
Hit 1
0a

Bend 1 1 2
Twist 3 1
Pull 1 2
Hit 1 1

aIn these conditions, subjects did not see a demonstrator’s actions.
FD: Full Demonstration; AO: Action Only, EO: End State Only, BA:
Baseline

Only) revealed that subjects were more likely to copy the
result upon seeing the result than upon seeing the action.
In contrast, subjects did not copy actions more often after
witnessing actions than after witnessing results (or after
witnessing both actions and results; Full Demonstration).

Our interpretation of these results is that chimpanzees are
more likely to copy results than actions. However, this does
not mean that chimpanzees were totally insensitive to the
actions that they witnessed. First, after observing unsuc-
cessful actions in the Action Only condition, they tended
to open the tube with the part that the demonstrator had
not tried. That is, if they witnessed the demonstrator trying
unsuccessfully to remove the caps, they tended to break the
tube in the center and vice versa. This means that the ac-
tions informed them about what did not work—the tube did
not afford opening in that particular place. Second, present-
ing actions and results in the Full Demonstration condition
reduced to some extent the likelihood that they would copy
the observed result. Note that there was no significant differ-
ence between the Full Demonstration and the Action Only

conditions in the percentage of subjects that copied the ob-
served result, but there was a difference between the Action
Only and the Ends Only conditions. Third, overall, subjects
matched more actions when they observed a demonstration
than in the baseline condition. However, subjects also pro-
duced the same actions as the demonstrators even if they
did not have a chance to observe them, as in the End State
Only condition. One possible interpretation of these re-
sults is that in the social conditions subjects matched the
demonstrator’s actions while in the End State Only condi-
tion subjects were guided by the affordances of the object.
However, another interpretation that does not postulate two
different processes depending on the condition is that the
matches between subjects’ and demonstrators’ actions in
those conditions in which the actions were available rep-
resent not genuine matches but the expected probability of
using the same actions as the demonstrator once the subject
knows that the tube can be opened. Moreover, even if one
were to accept their matching in the social conditions as
genuine, note that there was still no difference across condi-
tions when matches concerned specifically the actions that
produced a successful outcome. In other words, in the vast
majority of cases in which subjects succeeded in opening
the tube, they used different actions from those used by the
demonstrators.

Thus, we found some evidence that chimpanzees copied
results. While we found suggestive evidence that they might
use others’ actions, there was little if any evidence that
they copy them. In other words, observing the actions of
the demonstrator appears to have contributed to the so-
lution of the task, but that does not mean that given the
same task they would use the same actions to solve the
problem. One potential caveat of the current study is that
the task may have been too easy for the chimpanzees. The
high baseline performance in the current study may have
obscured the effects of the experimental conditions on the
percentage of subjects that opened the tube, as the results
with regard to latency to open the apparatus seem to sug-
gest. Yet this task was still valid to test the percentage
of subjects that matched the demonstrator’s results and
actions.

Experiment 2: children

In experiment 2, we tested 2-year-old children on the same
task, using the same apparatus and experimental conditions.
Based on the results of similar studies by Meltzoff (1995)
and Bellagamba and Tomasello (1999), and other studies of
children’s social learning (e.g., Nagell et al. 1993), we ex-
pected that more children would open the tubes in the social
conditions, in which they saw the demonstrator’s actions
(i.e., the Full Demonstration and Action Only conditions),
than in the non-social conditions (i.e., the End State Only
and baseline conditions). An important extension of the
current study is our focus on reproducing results versus ac-
tions. Along with the addition of two methods of opening
the tube (the result), we also added a “style” component
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(see Hobson and Lee 1999) to the demonstrator’s action
that was unnecessary to open the tube: the demonstrator
either removed the cap with an obvious twisting motion or
broke the middle by pushing her thumbs up against it. We
expected that, unlike chimpanzees, children would copy the
demonstrator’s method of opening the tubes very closely—
not just the location in which the tube opened but also the
particular actions she used to achieve that result. Finally, we
were also interested in whether children would learn more
effectively if they saw a toy in the tube before and during
the demonstration (transparent condition) than if they did
not see a toy (opaque condition).

Method

Subjects

Forty-eight 2.5-year-old human children (Homo sapiens)
participated in this study. There were 28 girls and 20 boys
(mean age 30.2 months, range 28–32 months). Children
were recruited from daycare centers in Leipzig, Germany
and were tested individually in a quiet room of their daycare
center.

Materials

Tubes and caps matching those in experiment 1 in all
important respects but size were used. Children’s tubes
were smaller (21×2.5 cm, 0.1 cm thickness) and lighter.
Their opaque tubes were made by covering the transpar-
ent ones with opaque tape. Instead of food, children’s
transparent tubes each had a different-colored toy car
inside.

Procedure

The same experimental conditions (Full Demonstration,
Action Only, End State Only, baseline), methods of opening
(cap, middle), and type of tube (transparent, opaque) as in
experiment 1 were used with 12 children assigned to each
condition. An adult human served as demonstrator. In most
respects, the procedure for children was identical to that
for chimpanzees in experiment 1; only the differences are
presented here.

Children’s sessions began with a brief warm-up period
with other toys. Once children appeared to be comfort-
able with the experimenter (E) and situation, E began the
test.

– Full Demonstration. E faced the child, attracted the
child’s attention if necessary, and opened two tubes.

– Action Only. E attempted five times to open a (glued)
tube. Unlike chimpanzee demonstrators, E attempted
to open the tube in the same way (either pushing
up on the middle of the tube or twisting one of the
caps) on every attempt. The full action was shown (it

just was not successful), and there were no other ac-
tions like, for example, the hand slipping off the toy
(Meltzoff 1995). E showed natural facial expressions
(frustration) and vocalizations (effortful grunts) during
her demonstration.

– End State Only. After the warm-up period, E walked
with the child over to two empty, opened tubes that were
lying on the floor several meters away. The child was
not prevented from touching these tubes but was not
encouraged to do so either.

– Baseline. After the warm-up period, the child was simply
handed one test tube without any kind of prior exposure
to the tubes.

Following the demonstration, the child was given a tube
and told, “Here, look at this.” In the Full Demonstration
and End State Only conditions, the tubes from the demon-
stration were left in view of the child. The child’s re-
sponse period lasted 60 s. If the child opened the tube
within the 60-s period, the child was given a second
tube. Otherwise testing was terminated. We videotaped all
trials.

E used a distinctive style that was unnecessary to open
the tube in all demonstrations. For cap demonstrations, E
always twisted the caps with large wrist motions while
pulling (or attempting to pull) them off and for middle
demonstrations, she always bent the center of the tube up
with her thumbs while breaking (or attempting to break)
the tubes. These styles were unnecessary to open the tubes
because the caps could be pulled or shaken off and the mid-
dle could be broken by hitting the tube against something,
for example.

Data analysis

Data analysis was conducted in the same way as in ex-
periment 1, except that we did not need to use the permu-
tation analysis because the demonstrator always used the
same actions. A second observer coded 20% of the ses-
sions to assess inter-observer reliability on children’s be-
havior toward the tube. Inter-observer reliability for action
used was excellent (Cohen’s κ=0.77). We used two-tailed
tests.

Results

Tube opening

Figure 6 presents the percentage of correct responses
as a function of experimental condition. There were
significant differences across conditions (χ2=9.75, df=3,
n=48, P=0.021). Children in social conditions obtained a
higher percentage of correct responses than in non-social
conditions (Fisher test: P=0.005). Overall, children were
more likely to open the transparent than the opaque tube
(Fisher test: P=0.03). However, an analysis within each
condition revealed that this effect was only statistically
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Fig. 6 Percentage of subjects who opened the tube across conditions

significant in the End State Only condition (Fisher test:
P=0.015). Except for one child, all subjects who opened
the tube in the first trial also opened the tube in the second
trial.

Latency

Focusing on the successful children, we analyzed their
latencies to open the tube across conditions. A mixed
4×2×2 ANOVA (Condition: Full Demonstration, Action
Only, End State Only, baseline; Type of tube: transpar-
ent, opaque; Order: trial 1, trial 2) on the latency to open
to the tube indicated only a significant effect of Order,
F(1,25)=8.55, P=0.007. There was no effect of the Type
of tube, F(1,25)=1.73, P=0.20, Condition, F(3,25)=1.04,
P=0.39, Order × Type of tube, F(1,25)=1.21, P=0.21, or
Order × Condition, F(3,25)=1.70, P=0.19. Thus, subjects
opened the tube in the first trial with equal speed regardless
of the type of tube and experimental condition but took less
time to open the tube in the second trial (M=4.7, SE=0.8)
compared to the first trial (M=12.1, SE=2.8). Restricting
the analysis to the first trial only also confirmed no signifi-
cant effects of Condition, F(3,25)=1.41, P=0.26, Type of
tube, F(1,25)=2.46, P=0.13, or Type of tube × Condition,
F(2,25)=0.62, P=0.55.

Matching results

Figure 7 presents the percentage of children who matched
the tube result (or the demonstrator’s attempted result in
the Action Only condition) in each of the information con-
ditions. There were no significant differences across condi-
tions (χ2=0.54, df=2, n=26, P=0.76). An analysis within
each of the two type-of-tube conditions (i.e., transparent,
opaque) produced similar results.

Matching actions

Figure 8 presents the percentage of successful subjects who
matched the demonstrator’s successful (or failed) actions

Fig. 7 Percentage of subjects who copied the tube result across
conditions

Fig. 8 Percentage of subjects who opened the tube matching the
demonstrator’s actions in the Full Demonstration and the Action
Only conditions. Also shown is the estimated probability of match-
ing the demonstrator’s actions in the End State Only and baseline
conditions, which represent the chance probability of matching the
demonstrator’s actions without having seen the demonstrator

(bend vs twist) in each condition for trial 1 and trial 2.
There were no significant differences between social and
non-social conditions in trial 1 (Fisher test: P=0.47) or trial
2 (Fisher test: P=0.25).

These results, however, may be influenced by children’s
reluctance to break the tube (only 1 child broke the tube in
the middle). Therefore, we also investigated children’s at-
tempts. Table 3 presents the number of children who copied
the demonstrator’s successful (or failed) actions regardless
of whether children’s actions produced the result of open-
ing the tube (i.e., including attempts). As with chimpanzees,
we credited children with matching the demonstrator’s ac-
tions if among their actions there was one that matched
that of the demonstrator. Although children matched the
demonstrator’s actions in the first trial more often in the
social (14 out of 22 children: 64%) compared to the non-
social conditions (8 out of 24 children: 33%), this differ-
ence was not statistically significant (Fisher test: P=0.075).
However, if this analysis is restricted to the two actions
used by the demonstrator (i.e., bend and twist), thus ex-
cluding other actions (see Table 3), children significantly
matched the demonstrator’s actions more often in the so-
cial compared to the non-social conditions (Fisher test:
P=0.035, Table 3). Furthermore, focusing exclusively on
the two social conditions and the two actions used by
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Table 3 The number of children who copied the actions of the
demonstrator (including attempts) in the first trial. Bold and normal
numbers represent children who matched or did not match, respec-
tively, the actions of the demonstrator. One child is missing in the Full
Demonstration and Action Only conditions (twist) because detailed
coding was not possible due to the camera position

Bend Twist Other

FD
Bend 3 1 2
Twist 0 4 1
AO
Bend 2 0 4
Twist 0 5 0
EOa

Bend 0 2 4
Twist 0 3 3
BAa

Bend 0 3 3
Twist 1 5 0

aIn these conditions, subjects did not see a demonstrator’s actions.
FD: Full Demonstration; AO: Action Only, EO: End State Only, BA:
Baseline

demonstrators (i.e., bending and twisting), children signif-
icantly reproduced those actions that they had seen (Fisher
test: P=0.002, Table 3). In the social conditions, 5 of the
6 children who witnessed the demonstrator bending the
tube reproduced this action, whereas none of the 9 chil-
dren who witnessed twisting bent the tube. Conversely, all
9 children who witnessed the demonstrator twisting the
tube reproduced this action, whereas only 1 of the 6 chil-
dren who witnessed bending twisted the tube. Overall, 14
out of 15 children (93%) copied the action used by the
demonstrator. A similar pattern was observed in the second
trial.

Discussion

Children opened the tube significantly more often (but not
more quickly) in the social conditions, in which E’s actions
were demonstrated (i.e., the Full Demonstration and Action
Only conditions), than they did in the other two conditions
in which no actions were demonstrated (the End State Only
and baseline conditions). We found no difference between
the two social conditions: seeing only E’s actions, without
seeing the end state of the open tube, was just as effective in
prompting children to open the tube themselves as seeing
the full demonstration.

Children reproduced E’s result equally often in each of
the information conditions. Their performance was rather
low—children only succeeded in matching the result of the
demonstration about 50% of the time. This was probably
because children were reluctant to break the tube. Only
one child succeeded in breaking the tube, although many
children—only among those who saw E break the tube—
made tentative attempts to do so before taking off the cap.
When children’s attempts were considered along with their

successes, much higher rates were found. Of the children
who saw the twist cap demonstration in the social con-
ditions, 100% opened or attempted to open the tube by
opening the cap, and of the children who saw the break
middle demonstration, 83% opened or attempted to open
the tube by breaking the middle.

Although these results suggest that children were indeed
trying to reproduce the result, further results concerning
reproduction of E’s specific actions suggest that this was
probably brought about by children’s tendency to copy E’s
actions. Children reproduced the actions they saw E per-
form, and even her specific style of opening the tube (es-
pecially twisting the cap), even though this action was un-
necessary to open the tube. When attempts were included,
93% of children matched the specific action they saw (twist
or bend) as opposed to other actions that may have pro-
duced the same result (cap off or broken tube). Moreover,
children matched the demonstrator’s actions more often
in the social than the non-social conditions. In the non-
social conditions, children mostly used novel actions (i.e.,
actions not previously used by the demonstrators in other
conditions). This contrast between social and non-social
conditions in the types of actions used suggests that social
learning was responsible for the results of the social condi-
tions and individual learning was responsible for the results
of the non-social conditions.

Future studies with children should focus on their re-
production of others’ actions more closely and attempt to
further tease apart the social and action factors. This could
be done, for example, by including a “ghost control” in
which children see the tubes magically opening in some
specific way but without a human actor.

General discussion

Children but not chimpanzees were more successful at
opening the tube when they saw the demonstrator’s actions
(either successful or not). However, both species used
the information derived from the demonstrator’s actions
and/or the results on the tube but they differed in how
they used this information. Chimpanzees varied the
results they produced (but not their actions) depending
on what they observed. Upon witnessing a given result
they reproduced it whereas upon witnessing an action that
produced no result, they produced the opposite result to
that attempted by the demonstrator. In contrast, witnessing
or not witnessing the actions of the demonstrator had no
effect on the actions used by chimpanzees to successfully
open the tube. In other words, chimpanzees opened
the tube using different actions from those used by the
demonstrators; and the actions used did not differ across
information conditions.

Conversely, children adjusted their actions but not the re-
sults that they produced depending on what they observed.
They copied the actions that they witnessed even if these
produced no physical changes in the tube. In contrast, at
least at the level of success, children were not influenced
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by the tube results that they witnessed—they did not use
the end state of the tube to figure out how to open the tube.
Thus, the current results support the idea that chimpanzees
in social learning situations focus primarily on reproduc-
ing results (which is consistent with emulation) whereas
children focus primarily on reproducing actions (which is
consistent with imitation).

An objection that could be leveled against our overall
conclusions is that we interpreted children’s copying the
demonstrator’s style (i.e., twisting or pulling the tube cap)
as evidence of copying actions. Yet one could argue that
children were focused on the changes that occurred to the
tube (i.e., cap spinning) rather than on the actions that
produced those changes (i.e., hand twisting), as discussed
above. However, there are two arguments against this con-
clusion. First, children also copied the demonstrator’s ac-
tions in the absence of any changes in the state of the tube
(Action Only condition). In fact, this condition did not dif-
fer from the condition in which children witnessed both the
demonstrator’s actions and results (Full Demonstration).
Moreover, just observing the end result (End State Only)
produced very different results compared to the social con-
ditions. Second, our results are consistent with previous
studies that have shown that children focus on the actions
rather than the results (Nagell et al. 1993; Bellagamba and
Tomasello 1999; Horner and Whiten 2004). Thus, our cur-
rent results with children are likely to reflect the same
inclination for copying actions over results as has been
documented in previous studies. In contrast, there is no
comparable evidence with apes that can throw some light
on the precise source of information that they use. Cur-
rently, chimpanzee data including those from the artificial
fruit task (e.g., Whiten et al. 1996) could reflect copying
results (e.g., bolt motions), instead of actions (Tomasello
1996).

This study replicated in many ways Meltzoff (1995)
study and other studies focusing on the understanding of
others’ unfulfilled intentions in children (Bellagamba and
Tomasello 1999; Johnson et al. 2001). In those studies, in-
fants witnessed an adult who demonstrated her intention
to perform some target action but who never succeeded in
performing that action. Fifteen-month-old to 18-month-old
infants in those studies produced the target action equally
as often when they saw this intention demonstration as they
did when they saw a full demonstration of the completed
target action. In contrast, children in the current study and
the Bellagamba and Tomasello (1999) study failed to use
the information provided by the End State condition, in
which the final result was presented without the actions
that produced it. It thus appears as though 15-month-old to
2.5-year-old children do not preferentially use information
about results to solve problems—instead, they use infor-
mation about others’ actions.

However, it is important to note that although children
tend to copy actions at high rates, they do not do so blindly.
The intention condition in Meltzoff (1995) and other studies
(e.g., Carpenter et al. 1998) shows that children copy the
actions that adults intend to do, not exactly those that they

actually do (so children in Meltzoff’s study pulled two parts
of a dumbbell apart instead of copying the adult’s hands
slipping off the sides in the intention condition). Similarly,
in the Action Only condition of the current study, children
who saw the unfulfilled demonstration opened the tube as
often as those children who saw the full demonstration.
Since they did not do this in the baseline and End State
Only conditions, this means that children in the Action
Only condition learned that the tube could be opened, and
then they opened it themselves in a different way from
the demonstrator. This learning was about more than just
a physical property of the tube (its openability); instead it
probably related to the goal of the demonstrator, that is,
the demonstrator was trying to open the tube. Otherwise
children would have performed at high levels in the End
State Only condition in which the tube’s openability was
clearly evident. Thus, children’s behavior in the Action
Only condition is an example of goal emulation, and it
shows that children are capable of both copying actions
and copying goals.

For chimpanzees the results are not as clear-cut. In a simi-
lar study conducted by Myowa-Yamakoshi and Matsuzawa
(2000; experiment 1), five chimpanzees watched a human
demonstrator first trying but failing to open a container,
and then opening the container. Chimpanzees opened the
container equally as often following failures as following
successes, mirroring the Meltzoff (1995) finding with in-
fants. However, after the many trials in which chimpanzees
had already opened the container in a prior baseline con-
dition were excluded, results in this chimpanzee study are
based on only two instances of opening in each condition.
While this was numerically more than was found in an
extended baseline control condition with different objects,
it is not a very strong result. Note that Myowa-Yamakoshi
and Matsuzawa (2000) also investigated whether chim-
panzees used the same method of opening the container as
the demonstrator. They found that chimpanzees generally
used their hand when the demonstrator used his hand, and
used an irrelevant tool when the demonstrator used the
tool. However, they did not copy the particular actions
(pushing, pulling, or twisting) that the demonstrator used.
In a second experiment in which the demonstrator first
succeeded and then failed to open the container, chim-
panzees again copied the hand versus tool use, but only
when the demonstrator succeeded. Then they continued to
use this strategy after the demonstrator’s failed attempt.

In the current study, again, baseline performance was
very high, limiting what we can conclude about the finding
of no differences between the Full Demonstration and Ac-
tion Only (intention) conditions. However, although chim-
panzees matched the demonstration’s result in those condi-
tions in which that result was available (Full Demonstration
and End State conditions), when the successful result was
not shown (Action Only condition), they tended to pro-
duce the opposite result to the one that the demonstrator
attempted (and failed) to do. This finding may indicate that
chimpanzees realized what the demonstrator was trying to
do, and that she was not succeeding, and then they decided
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to try a different method of opening the tube themselves.
If that were the case, this would also constitute an example
of goal emulation.

However, there is at least one other equally plausible
interpretation for these results. Chimpanzees may have
learned from the demonstrator’s mistakes—instead of em-
ulating the demonstrator’s goals, they may have realized
that the tube did not open in the location the demonstrator
was focusing her behavior on so they tried a different lo-
cation instead. Nevertheless, this would still indicate that
chimpanzees were capable of shifting from using results
to using information about the parts of the tube (or its lo-
cations) that the demonstrator was focusing her behavior
on. Little is known about the types of information that ob-
servers extract from a demonstrator’s unsuccessful actions
or mistakes (see Myowa-Yamakoshi and Matsuzawa 2000;
Templeton 1998; Want and Harris 2001) and future studies
should focus on this aspect of social learning and the extent
to which non-human primates benefit from mistakes rather
than successes.

Whereas copying others’ actions is clearly important for
young children, as they grow older, they become more able
to focus on results and may emulate more often (Horowitz
2003). An intriguing possibility is thus that the primacy
of results over actions in chimpanzees is due to the age
of the subjects tested in the current and previous stud-
ies. Most subjects in these studies were adult or subadult
apes. It would be interesting to investigate whether infant
or juvenile chimpanzees are more predisposed to copy
the demonstrator’s actions than adult or subadult chim-
panzees. In fact, one study that found some positive results
used young chimpanzees as subjects (Whiten et al. 1996).
Another factor that complicates the interpretation of the
current findings (and the findings of other similar studies;
Myowa-Yamakoshi and Matsuzawa 2000) is task difficulty.
Chimpanzees in the current study opened the tube equally
often in all conditions. The high level of performance in
the baseline condition is especially troublesome and future
studies should use tasks in which subjects do not score as
high in the baseline condition. Another issue related to task
difficulty is how much causal knowledge they have about
the task. Horner and Whiten (2004) have found that chim-
panzees are more prone to emulate (as opposed to imitate)
when the causal relations between the problem elements are
visible as opposed to hidden. Finally, there is the issue of
how much demonstration subjects are allowed before they
have access to the tube. Perhaps a single demonstration as
in the current study is not enough to elicit in chimpanzees
the kind of social learning that we observed in human chil-
dren. The effect of continued observation of a proficient
demonstrator on the subject’s responses is an issue that
deserves future research attention.

In conclusion, this study showed that children copied
actions (and goals) from a demonstrator whereas chim-
panzees mostly copied results. These results add to a grow-
ing body of evidence that suggests that apes and children
differ in the social learning mechanisms that they use in
problem-solving situations (see Call and Carpenter 2003,
for a review). Future studies should investigate the condi-

tions that promote the use of the various sources of infor-
mation (i.e., results, actions, and goals) from a comparative
perspective.
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