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Abstract A number of animal species have evolved the
cognitive ability to detect when they are being watched by
other individuals. Precisely what kind of information they
use to make this determination is unknown. There is particular controversy in the case of the great apes because
different studies report conflicting results. In experiment 1,
we presented chimpanzees, orangutans, and bonobos with
a situation in which they had to request food from a human observer who was in one of various attentional states.
She either stared at the ape, faced the ape with her eyes
closed, sat with her back towards the ape, or left the room.
In experiment 2, we systematically crossed the observer’s
body and face orientation so that the observer could have
her body and/or face oriented either towards or away from
the subject. Results indicated that apes produced more behaviors when they were being watched. They did this not
only on the basis of whether they could see the experimenter as a whole, but they were sensitive to her body and
face orientation separately. These results suggest that body
and face orientation encode two different types of information. Whereas face orientation encodes the observer’s
perceptual access, body orientation encodes the observer’s
disposition to transfer food. In contrast to the results on
body and face orientation, only two of the tested subjects
responded to the state of the observer’s eyes.
Keywords Apes · Attentional state · Eyes · Gaze ·
Social cognition

Introduction
Recent studies have shown that at least two different species of bird behave differently when caching food items as
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a function of whether a conspecific is or is not watching the
hiding process, and further that this differential hiding has
direct benefits for the probability that the hider will be able
to retrieve the hidden food later (Bugnyar and Kotrschal
2001; Emery and Clayton 2001). However, in both of these
studies and others (e.g. Coussi-Korbel 1994; Leavens et al.
1996), individuals may simply have used the physical presence/absence of a conspecific or a human in the individual’s perceptual field rather than an appreciation of others’
visual access to determine their foraging actions. A recent
study with domestic dogs, however, has demonstrated that
they are not only sensitive to whether another individual
(in this case human) is or is not present as they engage in a
forbidden behavior, but they are also sensitive to whether
that individual is or is not facing them, and even whether
that individual’s eyes are open or closed (Call et al. 2003).
Nonhuman primates, specifically apes, live in complex
social groups. It is known from different studies that they
use many different gestures to communicate with groupmates and that these gestures are used more or less flexibly (Goodall 1986; Maestripieri 1996, 1997; Tomasello
1997). From an evolutionary perspective it is very important for individuals to show some kind of sensitivity to social context and to be able to adjust these gestural signals
to the attentional state of the recipient (Pika et al. 2003).
Experiments designed to address the questions of nonhuman primates’ understanding of the attentional state of
others have produced mixed results. Povinelli and Eddy
(1996) presented juvenile chimpanzees with a choice.
They could use a begging gesture to request food from
one of two human experimenters who were simultaneously present but oriented to them in different ways. For
example, one experimenter might be facing toward the
chimpanzee and the other facing away, or one might be
wearing a blindfold over the eyes and the other over the
mouth (with both bodily oriented towards the subject). In
a series of 15 experiments (some replicated with the same
subjects at older ages by Reaux et al. 1999), Povinelli and
Eddy (1996) determined that in this situation chimpanzees
were sensitive not to the orientation of face or eyes but
rather to the orientation of the body – so that, for instance,
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they gestured to a human facing them bodily but with her
head turned away in preference to a human facing away
from them bodily but with her head turned so that she
could see them over her shoulder. Some authors have interpreted these findings as evidence that chimpanzees do
not know whether others are or are not looking at them,
but they are merely sensitive to front and back body orientation (Povinelli and Eddy 1996).
This interpretation is difficult to reconcile, however,
with other recent findings demonstrating that chimpanzees know such things as whether a conspecific competitor’s vision is being blocked by a barrier (Hare et al.
2000, 2001). Moreover, previous research has also found
some evidence of sensitivity to the eyes in food-begging
situations in one enculturated orangutan and three enculturated chimpanzees (Call and Tomasello 1994; Gómez
1996). It is thus possible that the Povinelli and Eddy’s experimental paradigm is not a good test of chimpanzees’
abilities. Most importantly, choosing which of two individuals to beg from is a very complex task, and indeed
chimpanzees needed to be trained over hundreds of trials
to participate in this experiment meaningfully.
The aim of the current study was to investigate apes’ sensitivity to the attentional states of humans. We used an experimental paradigm previously used with two orangutans
(Call and Tomasello 1994) to administer some of the conditions used by Povinelli and Eddy (1996). There were two
crucial differences between our design and that of Povinelli
and Eddy. First, there was only one human present from
whom individuals could beg. The experimental manipulation thus took place across trials, as the human was either
facing the subject, had her back turned, had her eyes closed,
and so forth. Second, our procedure did not involve training
over hundreds of trials but capitalized on apes’ natural tendency to beg for food that is beyond their reach. Thus, we
used the number of communicative behaviors subjects actively directed toward the human to determine whether they
distinguished between the various human attention states.

Table 1 Subjects who participated in the study

Experiment 1
In this study we replicated the procedure that we had used
previously with two orangutans (Call and Tomasello
1994). We presented subjects with a choice between two
glasses of fruit juice and scored their spontaneous gestures while the experimenter engaged in one of the following four conditions: facing the subject with eyes open,
facing the subject with eyes closed, facing away from the
subject, and absent (i.e., she left the room).
Methods
Subjects
Seven chimpanzees (Pan troglodytes), three bonobos (Pan
paniscus) and six orangutans (Pongo pygmaeus) participated in this experiment (see Table 1). There were nine females and seven males ranging in age from 4 to 30 years.
Six apes were nursery reared whereas all other subjects
were mother reared. All subjects were housed at the Wolfgang Köhler Primate Research Center in the Leipzig Zoo
(Germany) where they lived with conspecifics in social
groups of various sizes, with access to indoor and outdoor
areas. Subjects were tested in their indoor cages and were
fed according to their normal daily routine, that is, four
times a day on a diet of fruit, vegetables, cereals and monkey chow. Water was available ad libitum, and subjects
were not deprived of food or water during testing. Subjects
had previously participated or were concurrently participating in other studies so they were all used to participate
in tests (see Table 1 for further details).
Materials
Two identical transparent plastic glasses (7×9 cm) with
different amounts of fruit juice (orange or grape juice) were

Name

Species

Age

Sex

Rearing history

Place of birth

Joey
Limbuko
Kuno
Robert
Fraukje
Jahaga
Gertruida
Fifi
Sandra
Frodo
Bimbo
Walter
Dunja
Pini
Toba
Padana

Bonobo
Bonobo
Bonobo
Chimpanzee
Chimpanzee
Chimpanzee
Chimpanzee
Chimpanzee
Chimpanzee
Chimpanzee
Orangutan
Orangutan
Orangutan
Orangutan
Orangutan
Orangutan

19
6
5
26
25
8
8
8
8
8
21
12
30
13
7
4

Male
Male
Male
Male
Female
Female
Female
Female
Female
Male
Male
Male
Female
Female
Female
Female

Human reared
Human reared
Human reared
Human reared
Human reared
Mother reared
Mother reared
Mother reared
Mother reared
Mother reared
Mother reared
Human reared
Mother reared
Mother reared
Mother reared
Mother reared

Captivity
Captivity
Captivity
Captivity
Captivity
Captivity
Captivity
Captivity
Captivity
Captivity
Captivity
Captivity
Captivity
Captivity
Captivity
Captivity
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placed on a wooden platform (84 cm×32 cm) that was located outside the subjects’ enclosure behind a Plexiglas
panel. At the bottom of the Plexiglas panel were three holes
forming a straight line separated by 25 cm from center to
center.
Procedure
Subjects received no special training for this experiment
since all subjects had learned prior to this experiment to
poke through one of the holes of the Plexiglas panel to request the container located in front of the hole (filled with
either juice or food depending on the experiment). The experimenter (E) sat behind the platform facing the subject.
She placed the filled glasses on the platform behind the
two extreme holes of the Plexiglas panel. Two types of trials were presented alternately: filler trials and experimental trials. In filler trials the experimenter placed the glasses
on the platform and offered the glass to the subject as soon
as she requested it by poking through one of the extreme
holes in the Plexiglas panel. In experimental trials the experimenter placed the glasses on the platform and engaged
in one of the following four experimental conditions:
1. Eyes open: E sat facing the subject with her eyes fully
opened but without reacting to the subject’s behavior.
2. Eyes closed: E sat facing the food with her eyes closed.
Her head orientation and posture were identical to
those in the eyes open condition.
3. Back turned: E sat facing away from the subject with
her back turned to the food
4. Out: E left the room.
After 30 s had elapsed the filler trial started, and the experimenter became responsive again, offered the subject
the glass that she requested at that precise moment, and
started preparing for the next experimental trial. Each session consisted of a total of eight trials comprising alternating filler and experimental trials. Thus, each experimental condition was presented once per session with
conditions being randomized. Every subject participated
in a total of 12 sessions with only one session per day.

4. Lip begging consisted of presenting the lower lip through
one of the panel holes.
5. Giving consisted of pushing an item initially located in
the enclosure (e.g., orange peel) through the Plexiglas
holes.
We combined the frequency of each of these behavioral
categories to obtain the total behavioral output for each
subject across conditions and used this overall score in
our analyses. We ignored other behaviors such as vocalizations, hand clapping and pushing due to their low frequency, which means only one or two subjects of one species showed the behavior.
A second coder who was unaware of the experimental
conditions blindly coded 20% of the trials for reliability
purposes. Reliability was excellent (Spearman r=0.90,
P<0.001, n=212). We used an ANOVA to investigate the
effect of various independent variables on the total behavioral output.
Results
Figure 1 shows the mean number of behaviors that subjects produced across trials for each of the different conditions. An ANOVA with the factors condition, genus (Pan
vs Pongo) and trial block (first vs second six trials) revealed a significant effect of trial block, F (1,14)=14.71,
P=0.002. Subjects produced significantly fewer behaviors
in the second block of trials compared to the first block.
However, this decrease affected all conditions equally
since there was no interaction effect between trial block and
condition, F (3,42)=0.45, P=0.71.
There was also a significant effect of condition, F (3,42)=
30.84, P<0.001 (see Fig. 2). A post hoc analysis (paired
t-test) across conditions indicated that subjects produced
significantly more behaviors in the eyes open (control)
condition than in the back turned, t(15)=7.04, P<0.001,
and out conditions, t(15)=6.22, P<0.001. In contrast, there
were no differences between the eyes open and eyes closed
conditions, t (15)=0.16, P=0.87 or any other pairwise comparison.
We restricted this analysis to the first two trials (see
Fig. 1) to have the lowest number of trials possible to

Data scoring and analysis
All experimental trials were videotaped and later coded
by the experimenter. We measured the total behavioral
output for each subject. Behavioral output was composed
of the following five behavioral categories: poking, knocking, spitting, lip begging, and giving.
1. Poking consisted of inserting the fingers through one
of the Plexiglas holes so that parts of the finger were
visible on the experimenter’s side.
2. Knocking consisted of hitting the Plexiglas with any
body part (usually the hand) so that it made a noise.
3. Spitting consisted of projecting saliva from the mouth
to the Plexiglas or executing the spitting behavior (and
its associated noise) without successfully ejecting saliva.

Fig. 1 Mean number of behaviors produced by subjects for each
condition across trials in experiment 1
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Fig. 2 Mean number of behaviors (SE) produced by subjects
across conditions in experiment 1

avoid learning and to obtain data that statistics could be
applied to. Restricting this analysis to the first two trials
produced identical results. Subjects produced significantly
more behaviors in the eyes open (control) condition than
in the back turned, t(15)=3.10, P=0.007, and out conditions, t(15)=4.06, P=0.001. In contrast, there were no differences between the eyes open and eyes closed conditions, t(15)=1.10, P=0.29 or any other pairwise comparison.
Although there were no group differences between the
eyes open and eyes closed conditions, there were two individuals who provided some evidence of perceiving this
distinction for particular behaviors. A juvenile orangutan
(Padana) spat significantly more often in the eyes closed
than in the eyes open condition (Wilcoxon T=47.5, n=10;
P<0.05), and an adult orangutan (Dunja) lip-begged longer
in the eyes open than the eyes closed condition (Wilcoxon
T=1.5, n=10; P<0.01) – indicating at least some understanding that the eyes in particular are the source for other
individual’s visual perception of the world.
Discussion
This study had three major results. First, apes were highly
sensitive to front–back body orientation of the experimenter and gestured preferentially when the experimenter
was facing them. These findings corroborate previous
studies that have shown that chimpanzees and orangutans
use visual gestures toward partners who are facing them

(Call and Tomasello 1994; Tomasello et al. 1994; Povinelli
and Eddy 1996; Hostetter et al. 2001) but use more vocalizations to partners that are not facing them (Hostetter et
al. 2001).
Second, subjects significantly reduced their behavioral
output when the experimenter left the room. This is important because it shows that the behaviors used by subjects were communicative in nature, not simply an attempt to get the food without the experimenter’s help or a
sign of frustration for not receiving the food without delay. Other studies have also found this kind of audience
effect (e.g., Call and Tomasello 1994; Leavens et al. 1996;
Call et al. 2004).
Third, subjects as a group showed little sensitivity to
whether the eyes were open or closed, thus confirming the
results of previous studies (Hare et al. unpublished data;
Povinelli and Eddy 1996). Nevertheless there were two
orangutans that showed sensitivity to the state of the eyes.
This finding parallels other studies showing that some enculturated apes also responded differentially when the
eyes were open as opposed to closed (Call and Tomasello
1994; Gómez 1996).
In sum, apes responded preferentially to a human facing them regardless of whether her eyes were open or
closed and reduced their number of gestures when the experimenter left the room. In the next experiment we investigated in greater detail which aspects of the frontal
orientation triggered apes’ gestures.
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Experiment 2
In this experiment we systematically manipulated the body
orientation and face orientation of the experimenter, who
could adopt either a frontal or back body orientation while
she could either turn her face toward or away from the
subject. This generated four possible conditions that allowed us to investigate the independent effect of the experimenter’s body and face orientation in the apes’ production of gestures.
Methods

Fig. 3 Mean number of behaviors produced by subjects for each
condition across trials in experiment 2

Subjects
Data scoring and analysis
Subjects included all apes that had participated in experiment 1 except for Kuno.
Materials

We coded and analyzed the data in the same way as in experiment 1. A second naive coder unaware of the experimental conditions blindly coded 20% of the trials for reliability purposes. Reliability was excellent (Spearman
r=0.81, P<0.001, n=156).

The experimental apparatus was the same as that used in
experiment 1.
Results
Procedure
We began this experiment right after completing experiment 1. We followed the general procedure of experiment 1
with some modifications. The main change concerned the
experimental conditions since in the current experiment
we systematically manipulated the body orientation and
face orientation of the experimenter to produce the following four experimental conditions (see Fig. 4):
1. Front–face: E sat with her body and her face oriented
toward the subject so that she was able to see the subject (same as eyes open condition in experiment 1).
2. Front–no face: E sat with her body facing the subject
and her head turned away from the subject so that she
was unable to see the subject.
3. Back–face: E sat with her body turned away from the
subject and her face oriented toward the subject so that
she was able to see the subject.
4. Back–no face: E sat with her body and face turned
away from the subject so that she was unable to see the
subject (same as back turned condition in experiment 1).
After 30 s had elapsed the experimenter became responsive again and offered the subject the glass that she requested at that precise moment. To keep subjects motivated the number of filler trials between experimental trials varied between one and two throughout the session.
As before there were four experimental trials per session,
one for each experimental condition with conditions randomized. Each subject performed a total of ten sessions.
Chimpanzees and orangutans performed one session per
day, bonobos two sessions per day.

Figure 3 shows the mean number of behaviors that subjects produced across trials for each of the different conditions. An ANOVA with the factors body orientation (front
vs back), face orientation (straight vs turned), genus (Pan
vs Pongo) and trial block (first vs second five trials) revealed a significant effect of body, F (1,13)=71.10, P<0.001;
face, F (1,13)=28.79, P<0.001; and a body × face interaction, F (1,13)=14.01, P=0.002. No other factors including
genus and trial block or their interactions had a significant
effect.
A post hoc analysis (paired t-test) revealed that when
the experimenter’s body was oriented toward the subject,
apes produced significantly more behaviors in the straight
compared to the turned-face condition, t(14)=5.55, P<0.001
(see Fig. 4). In contrast, when the experimenter had her
back turned toward the subject, apes did not significantly
produce more behaviors depending on the face orientation, t(14)=1.13, P=0.28. Restricting this analysis to the
first two trials (see Fig. 3) produced identical results. Subjects distinguished between the straight and turned-face
condition when the experimenter’s body was oriented toward them, t(14)=2.16, P=0.049, but not when the experimenter had her back turned, t(14)=0.34, P=0.74.
Discussion
Results showed that apes were sensitive to the orientation
of the body, thus replicating previous findings including
those of experiment 1. More importantly, subjects were
also sensitive to the orientation of the face. However, this
sensitivity was only expressed when the experimenter’s
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Fig. 4 Mean number of behaviors (SE) produced by subjects
across conditions in experiment 2

body was oriented toward the subject, in which case subjects responded more when the experimenter had her face
oriented toward (as opposed to away from) the subject.
When the experimenter had her back turned, subjects responded the same regardless of whether the experimenter
had her face turned away or oriented toward them.
Although Povinelli and Eddy (1996, experiment 13)
also found that chimpanzees responded differentially to
the face, they did so after subjects had extensive experience with their testing paradigm. In fact, Povinelli and
Eddy (1996) argued that it was likely that their chimpanzees had simply learned to use the face as a discriminative cue without much understanding of visual perception in others. Initially, the chimpanzees they tested showed
no preference toward someone with their face oriented toward them (Povinelli and Eddy 1996, experiment 3). In
contrast, apes in the current study responded to the face
from the beginning of testing without preparatory training
and without differential reinforcement. Recall that all subjects were rewarded regardless of how much they gestured
at the end of each trial.

General discussion
Apes distinguished the front–back body orientation and
face orientation when begging for food from humans. Unlike other studies, apes showed this sensitivity from the be-

ginning, that is, without an extensive training regime and
without differential reinforcement. This may be because
our experimental design used one rather than two experimenters.
One of the most interesting findings in this study was
the sensitivity to face orientation. However, it is notable
that differential responding to face orientation only occurred when the experimenter’s body was oriented toward
the subject. If the apes are sensitive to face orientation one
must presume that the same sensitivity should apply when
the experimenter’s body is oriented away from the subject. One possible interpretation is that apes respond primarily to body orientation and secondarily to face orientation – with little sensitivity for the state of the eyes. This
interpretation is univariate and hierarchical. It is univariate because body and face orientation carry information
about a single dimension – in this case perceptual access.
Moreover, it is hierarchical because body orientation carries more weight (it is richer) than face orientation. Thus,
the main difference between body and face is that the former carries more weight than the latter. However, the results of experiment 2 do not fully support this interpretation. In particular, if the univariate interpretation was correct, the back–face and back–no face conditions should be
different, but they were not.
An alternative explanation for our results is a bivariate
and hierarchical interpretation in which body orientation
and face orientation convey two different types of information. Whereas the experimenter’s body orientation may
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indicate her disposition and/or ability to give food at all,
her face orientation may indicate the ability to perceive a
communicative signal. This would explain why subjects
only distinguished between face and no face when the experimenter was facing them, because it was only then that
she had a disposition to transfer food. When she had no
such disposition (i.e., her back was turned), subjects did
not distinguish between the condition with the face oriented towards or away from them. Like the univariate interpretation, this bivariate account is also hierarchical because the effect of face orientation is subordinate to body
orientation. However, unlike the previous interpretation,
body and face orientation carry information about two different dimensions.
Previous studies involving begging from a human have
failed to distinguish these two different dimensions (i.e.,
ability and perceivability), but have mostly concentrated
on the perceivability aspect – a common feature for many
social cognition studies as well. Thus, sensitivity to the
body’s frontal orientation (but not the eyes) has been interpreted as a lack of sophistication in understanding visual perspective. However, apes may have simply perceived a human with a frontal orientation as more predisposed to give food than someone with her back turned to
them. Moreover, some of the studies that have reported
sensitivity to body orientation were not designed to tease
apart the separate contribution of the body and the face
(e.g., Call and Tomasello 1994; Tomasello et al. 1994;
Hostetter et al. 2001). It is therefore conceivable that subjects were spontaneously responding not just to body orientation but also to the orientation of the face, as the current study has shown.
Another finding was the apes’ minimal sensitivity to
the state of the eyes. From a human point of view, such a
lack of sensitivity to the eyes in communicative situations
is puzzling, especially given the fact that apes use others’
face/head and body orientation very effectively. However,
perceiving the eyes may not be so important for apes, perhaps because apes may not be predisposed to focus primarily on their conspecifics’ eyes. Unlike human eyes, ape
eyes do not have a white sclera that makes them highly
visible (Kobayashi and Koshima 2001). Therefore, apes
may focus on other features that are more easily perceivable such as the presence of the face or head direction
rather the state of the eyes or their direction because they
are difficult to see, especially from a distance. If detecting
the eyes reliably represents a large effort, subjects may
opt for focusing on stimuli that are easier to detect (e.g.,
face/head) even though they may be less reliable. Focusing on those more gross features such as the face (as opposed to the eyes) represents a conservative and safe strategy for subordinates who, for instance, will not attempt to
obtain food or mate when they can perceive the dominants’ face, regardless of the state of the eyes.
Povinelli and Eddy (1996, see also Theall and Povinelli
1999) and other interpreters of their work claim that apes
understand basically nothing about the visual perception
of others; they simply learn discriminative cues. Recent
work in competitive experimental paradigms (Hare et al.

2000, 2001) calls this conclusion into question, and the
current study does as well from within the context of a
communicative paradigm very similar – but with a few
crucial differences – to that of Povinelli and Eddy (1996).
Here, in a communicative context not requiring training
or a complex choice of communicative partner, we found
that apes without special training know that another individual can see them when her face – and for a minority of
subjects, her eyes – is oriented toward them. Much has
been made of the implications of this reduced sensitivity
to the eyes and the link between understanding the eyes as
the organ of vision and the development of perceptual
mental states (see Baron-Cohen 1995; Tomasello 1996).
Although it is true that humans attribute special importance to the eyes, there is no reason why other organisms
could not develop perceptual mental states based on the
face as opposed to the eyes. Although someone could argue that using the face as a whole may lead to the development of ‘faulty’ perceptual mental states because there
are some parts of the face that do not have any visual perception function, the same reasoning could be extended to
the eyes. One could argue that some parts of the eye (e.g.,
retina) but not others (e.g., sclera) are responsible for vision and therefore focusing on the eyes as a whole may
produce an unsatisfactory attribution of perceptual mental
states. Therefore, we do not think that lacking sensitivity
to the eyes necessarily implies that an organism cannot
develop perceptual mental states such as seeing.
Another interesting case is dogs that show an extreme
sensitivity to the eyes and gestural communication in general of humans (Miklósi et al. 1998; Mckinley and Sambrook 2000; Call et al. 2003). In addition to their specific
ontogenetic history, dogs also have a phylogenetic history
of domestication in close contact with humans that may
have selected them to respond to certain human configurations. Research on animal cognition in many different
species is revealing, on a daily basis, the individuals’ sensitivity to the presence of their social partners (Bugnyar
and Kotrschal 2001; Emery and Clayton 2001; Call et al.
2003). The current study helps to elucidate what is the basis of social sensitivity by showing that certain body and
face orientations play an important role in social interactions.
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