PROCEEDINGS
——OF
THE ROYAL
SOCIETY

Proc. R. Soc. B (2011) 278, 36943702
doi:10.1098/rspb.2011.0611
Published online 4 May 2011

The perception of self-agency in
chimpanzees (Pan troglodyties)

Takaaki Kaneko* and Masaki Tomonaga
Primate Research Institute, Kyoto University, Inuyama, Fapan

The ability to distinguish actions and effects caused by oneself from events occurring in the external environ-
ment is a fundamental aspect of human cognition. Underlying such distinctions, self-monitoring processes
are often assumed, in which predicted events accompanied by one’s own volitional action are compared with
actual events observed in the external environment. Although many studies have examined the absence or
presence of a certain type of self-recognition (i.e. mirror self-recognition) in non-human animals, the
underlying cognitive mechanisms remain unclear. Here, we provide, to our knowledge, the first
behavioural evidence that chimpanzees can perform self/other distinction for external events on the basis
of self-monitoring processes. Three chimpanzees were presented with two cursors on a computer display.
One cursor was manipulated by a chimpanzee using a trackball, while the other displayed motion that
had been produced previously by the same chimpanzee. Chimpanzees successfully identified which
cursor they were able to control. A follow-up experiment revealed that their performance could not be
explained by simple associative responses. A further experiment with one chimpanzee showed that the
monitoring process occurred in both temporal and spatial dimensions. These findings indicate that
chimpanzees and humans share the fundamental cognitive processes underlying the sense of being an
independent agent.
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1. INTRODUCTION

The concept of self is one of the most intriguing aspects of
the human mind. However, there is currently little knowl-
edge concerning the evolutionary origin of the sense of
self [1]. Researchers have paid considerable attention to
mirror self-recognition (MSR) in non-human animals
[2]. The typical evidence for MSR is that an animal is
capable of using its image reflected in a mirror to wipe
off marks painted on its body that would not have been
visible to the animal without the mirror (‘mirror mark
test’). Multiple studies have reported MSR capabilities
in great apes such as chimpanzees [2—4], but negative
findings and controversies regarding this ability have
emerged in studies of other taxa [5-12]. Although
MSR reflects a certain level of self-recognition and is
important in understanding the evolutionary origin of
self, the wunderlying cognitive mechanisms of this
phenomenon remain controversial [13-17].

Importantly, it is currently unclear what aspects of cog-
nitive processing humans and apes share in terms of sense
of self. To elucidate this issue it may be helpful to con-
sider recent advances in human cognitive science.
In these human studies, the concept of self is typically
divided into several components to explore the underlying
cognitive mechanisms of each component [18,19]. Some
studies have addressed self-recognition within the context
of voluntary action. When humans act with volition, they
report a subjective feeling of controlling or initiating the
movement of their body parts and the effect of that
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movement on the external world [20—23]. This feeling
is known as the sense of ‘self-agency’ [18], which facili-
tates the concept of the self as an independent agent
who has an effect on the external environment. For
example, in multi-player videogames in which each
person has a controller, it can be confusing which
character is being controlled on the screen. However, a
person will typically come to gradually recognize which
character they are controlling once the game has started,
accompanied by the subjective feeling ‘I am controlling
that’. This feeling constitutes the sense of self-agency.

Possibly underlying this subjective experience, humans
are thought to possess specific cognitive mechanisms
enabling the distinction of events caused by oneself
from externally generated events [20—23]. It has been
postulated that such a distinction is accomplished by
the monitoring of congruency between the prediction of
the effect of one’s own action and the actual feedback
from the external environment. When performing volun-
tary action, the human mind can produce predictions
about what will happen in the environment as a result
of their behaviour, before the results are actually per-
ceived. Such predictions could be raised in several ways
and recent studies have shown the important roles of
prior intention [21,24] or motor commands [25]. At
the moment the actual results are perceived, these
predictions are compared with the actual outcome.
If information from these two sources corresponds, the
observed action will be regarded as caused by one’s self,
and self-agency will be subjectively perceived. Using the
videogame example above, the self-agency will be experi-
enced as the feeling that ‘I am controlling a character’,
because the character’s actions correspond exactly with
one’s own intentional action.

This journal is © 2011 The Royal Society
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Interestingly, action may also play a critical role in
establishing MSR. For example, a contingency behaviour
in which animals repeatedly move their bodies in the same
manner while looking at a mirror is typically observed
before they exhibit self-directed behaviour, a sign of
MSR [7]. It was often inferred that the animal might
check to which degree the mirror image is coupled with
its own action. In another example, Kitchen et al
showed chimpanzees recognize a mirror self-image even
when it is distorted by concave/convex mirrors [26].
This study indicates the importance of the action rather
than a clear visual image of the animal itself. Thus, it
could be argued that subjects attribute the mirror image
to themselves because the action viewed in the mirror
image corresponds with their intended actions, leading
to the perception of agency.

However, the interpretation of MSR remains contro-
versial, with no broad consensus. Gallup [13] suggests
that MSR abilities imply the potential to imagine oneself
as an entity that can be viewed by others, an ability related
to theory of mind. On the other hand, Heyes [15] argued
that demonstrations of MSR are no different from show-
ing that an animal can learn a novel association between a
particular response and a particular outcome. In a sub-
sequent study, Povinelli ez al. [27] claimed that passing
the normal mark test may reflect subjects’ experience of
the sense of self-agency. They showed that 2—3 year-old
human infants passed a normal mark test but not the
delayed mark test in which infants viewed video images
of themselves recorded 3 min previously, meaning there
is no concurrent correspondence between their action
and the video. By contrast, 3—4 years olds passed both
types of task. However, Suddendorf [28] claims that
such developmental asynchrony regarding live and
delayed conditions is also found in infants’ ability to
find hidden objects, not only marks on their own body.
Thus, he argues that the task is not relevant for discussing
the developmental shift of self-recognition, reflecting
more general cognitive abilities. As mentioned above, it
remains controversial what information subjects in this
task actually exploit from mirror/video images, and what
cognitive processes are involved in these behaviours.

This study sought to directly test whether chimpanzees
are able to experience the sense of self-agency through the
proper self/other distinction for the origin of action or
event. To this end, we tested whether chimpanzees
could differentiate events caused by themselves from
externally caused events under a condition where it is
confusing which events were caused by the self, but
could be identified on the basis of congruency between
their own intended results of action and the observed
results. The experimental paradigm was essentially the
same as that used by Daprati et al. [29], modified for
use with chimpanzees. Chimpanzees were trained to
move a cursor on a computer monitor using a trackball
(functionally equivalent to a computer mouse). We pre-
sented two cursors on the monitor: a self-controlled
cursor (‘self-cursor’) and a ‘distractor’ cursor. The chim-
panzees could control the self-cursor using the trackball.
By contrast, the distractor cursor was moved by prede-
fined computer algorithms. The cursors were identical
in shape and colour.

A pioneering study by Jorgensen er al. [30] used a
similar experimental paradigm with chimpanzees and
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capuchin monkeys, reporting that both species could
successfully direct the self-cursor to the target using the
joystick before the computer cursor reached it. This find-
ing indicates that the subject could somehow differentiate
the self-cursor from the computer cursor. However, their
study could not determine whether the discrimination
was based on self-monitoring or simple visual discrimi-
nation using a particular visual cue. For example, the
clumsier (or smoother) movement of the computer
cursor might provide a valuable cue for recognizing the
cursor to which they should respond.

Thus, in the current study, we used recorded action
that was performed by the subject in the past as the
action of the distractor cursor. In this situation, it is
expected that simple visual discrimination cannot solve
the task, because the physical movement properties of
cursor actions should be comparable. In other words, a
third observer passively watching the experiment would
have difficulty identifying which cursor the subject was
controlling. However, the subject who actually controlled
the cursor should be able to recognize the self-cursor on
the basis of congruency between their intended action
and the observed action.

Experiment 1 investigated whether chimpanzees were
capable of discriminating a self-cursor from a distractor
cursor when the visual properties of the two cursor move-
ments were comparable. In experiment 2, we tested
whether the performance observed in experiment 1
involved a self-monitoring process, or whether it could
be explained by simple associative responses based on
particular visual cues. In experiment 3, we further
addressed the role of spatio-temporal factors in the per-
ception of self-agency by introducing temporal delay
and distortion in spatial mapping. These factors are
known to have a crucial impact on the performance of
self-agency judgments in humans [31].

2. GENERAL METHODS

(a) Participants

Three female adult chimpanzees (Pan troglodytes; Ai,
Chloe, and Pendesa; mean age, 28.8 years; s.d. = 3.1)
living in a social group of 14 individuals at the Primate
Research Institute, Kyoto University, Japan, took part
in the study. Ai, Chloe and Pendesa took part in
experiments 1 and 2. Chloe took part in experiment 3.
All animals had previously taken part in various percep-
tual/cognitive tasks [32,33].

(b) Apparatus

The chimpanzees were tested in an experimental booth
(160 x 180 x 210 cm) with acrylic panel walls. A 17
inch liquid crystal display (LCD) touch-panel monitor
(Gunze AV10226N02W, 1280 x 1024 resolution, 60 Hz
refresh rate) was used for stimulus presentation. A trackball
(Sanwa H55-0300-SET) 12 cm in diameter was attached
34 cm below the monitor. The distance between the moni-
tor and the chimpanzees was approximately 37 cm so that
the visual angle between the centre of monitor and the
trackball was approximately 49°. This configuration pre-
vented the chimpanzees from viewing the monitor and
the trackball simultaneously. Small fruit rewards (8 mm
pieces of apple or 5 mm raisins) were delivered using a
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choice phase

Figure 1. Procedure of the cursor discrimination task. One chimpanzee (Pendesa) is shown performing the task. Each trial was
initiated by touching the warning stimulus on a touch-sensitive LCD display. This was followed by the manipulation phase, in
which the chimpanzee could move one of the cursors using a trackball attached below the monitor. The other distractor cursor
was moved by a computer algorithm. During the test trials, the manipulation phase ended after a pre-defined duration had
passed, followed by a choice phase in which the chimpanzees were required to touch the cursor they had previously been

able to control.

universal feeder (Biomedica, BUF-310), which was

connected to a Windows-based computer.

3. EXPERIMENT 1

(a) Procedure

(1) Task

A variant of the two-choice simultaneous discrimination
task was used (figure 1; see also the electronic supple-
mentary material, movie S1). The trial consisted of
manipulation and choice phases. Each trial was initiated
when the chimpanzees touched a warning stimulus
located at the bottom centre of the monitor. This was fol-
lowed by the manipulation phase, in which two identical
cursors (white-filled circles, 12 mm in diameter) and
three targets (green-filled rectangles, 6.3 x 6.3 mm) were
presented. The initial positions of the cursors and targets
differed across trials and were pseudo-randomly distribu-
ted in a 3 x 2 matrix with a cell size of 84 x 90 mm.
One of the cursors (self-cursor) could be controlled by
the chimpanzee using the trackball. The other cursor was
the distractor, controlled by the predefined computer
algorithm. When the chimpanzee hits one of the three tar-
gets using the self-cursor, or when a certain duration had
passed regardless of the manipulation by the chimpanzees
(see below for details), the manipulation was terminated
and the choice phase began. During the choice phase, all
targets disappeared, and the two cursors turned red at
their final locations at the end of the manipulation phase.
At this moment, both cursors could not be moved and
the chimpanzee was required to touch one of the cursors
on the touch-sensitive monitor. If the chimpanzee touched
the self-cursor, a chime sounded, and a food reward was
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delivered (correct choice). If the chimpanzee touched the
distractor cursor, a buzzer sounded, and a 3 s time-out
was added to the usual intertrial interval. When the two
cursors collided during the manipulation phase, the trial
was terminated, and was followed by the buzzer and a
3 s time-out. This prevented the possibility of the cursors
overlapping in the choice phase, which would make it
difficult to tell which cursor the chimpanzees had touched.

(ii) Pretraining

The chimpanzees were already experienced in manipulat-
ing the trackball (see the electronic supplementary
material, figure S1), and had prior opportunities to per-
ceive self-agency when manipulating the cursor using
the devices implemented here. Prior to the test sessions,
the chimpanzees were trained on the general task pro-
cedure (i.e. touching the warning stimulus,
manipulating the trackball and touching one of the cur-
sors). In particular, the use of the trackball was a novel
task, so we shaped this behaviour using the successive
approximation technique. During pretraining, a regular
action was used as the action of the distractor cursor.
The distractor cursor moved 105 mm along either a hori-
zontal or a vertical axis at a velocity of 65 mm s~ . Once
performance exceeded 80 per cent correct for three con-
secutive 48-trial sessions, chimpanzees were shifted to the
test trials. Chimpanzees performed an average of 22.3
pretraining sessions. Several simple visual cues could
potentially be used for discrimination in pretraining,
since we used a regular distractor action. The choice of
criteria used to determine the correct cursor was made
by the chimpanzee. That is, they could solve the
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pretraining task either using simple visual discrimination
(for example, choosing the cursor exhibiting irregular
action rather than ordinal regular action), or agency
discrimination (choosing the cursor under their control).

(iii) 7Teést sessions

Three types of conditions were used in the manipulation
phase in the test sessions: hit trials, fixed-duration trials
and manipulation—hit trials. For the hit trials, the
manipulation phase finished when the self-cursor hits
either of the targets. During these trials, the self-cursor
was always at a location where the target was shown,
whereas the distractor was not close to the target
locations. In this condition, the chimpanzee could
choose the correct cursor by remembering the target pos-
ition, even if the self-cursor accidentally hits the target
and the chimpanzee was not actually able to recognize
which was the self-cursor. To eliminate this possibility,
fixed-duration trials were introduced, and, in these
trials, the cursor could not reach the target. If the
cursor moved closer than 26 mm from the target, the
target disappeared and reappeared in a different position.
The replacement of the targets occurred equally for the
self-cursor and the distractor. Thus, the minimum dis-
tance to the target from the cursor and the distractor
was equivalent. For this trial type, the manipulation
phase ended after a predetermined duration (2000 ms)
regardless of the action of the cursors. If only these two
types of manipulation phases had been used, the chim-
panzee might have learned that the manipulation was
not necessary, given that targets were unreachable; there-
fore, they would have stopped manipulating the trackball.
To prevent this possibility, manipulation—hit trials were
introduced; in these trials, the target was unreachable
until the chimpanzee manipulated the cursor at a
predefined distance (106—370 mm) in any direction, at
which point, the target became reachable. These three
types of manipulation phase were conducted in a
pseudo-random order. Note that the fixed-duration
trials were the important test trials, in which the target
position was not available as a cue for the choice. The
other trial types were regarded as ‘catch trials’ to maintain
the chimpanzee’s manipulation of the trackball.

During each of the test trials, a recording of a previous self-
cursor motion was used as the distractor trajectory. That is,
the distractor paths reflected movements performed more
than 1 day earlier by the same chimpanzee on trials that
lasted more than 2000 ms and had been completed success-
fully. Each of these paths was used only once. Hence, the
distractor trajectory was unique for each trial.

The chimpanzee received no feedback (i.e. rewards or
sounds) for the fixed-duration test trials. During the other
trials, in which differential reinforcement was applied,
regular motion was used, such as repeated and ordinal
motion from one position to the other, as in pretraining.
The vertical or horizontal axis of the distractor trajectory
was counterbalanced across trials. Each test session con-
sisted of seven fixed-duration trials (test trials), 21 hit
trials and 21 manipulation—hit trials. Each chimpanzee
completed five sessions for a total of 35 test trials. The
ratio of test trial types was arbitrarily defined at the level
where chimpanzees did not stop the task owing to the
absence of reward.
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Figure 2. Performance on the probe test using past actions
that were performed by themselves. Percentages of correct
responses (35 trials per individual) compared with the
expected value if the response had been random (50%,
dashed line). Asterisks indicate significance at *p < 0.05
and ***p < .001 on a binomial test (two-tailed, n = 35).

(b) Results and discussion
The chimpanzees showed a 93.7 per cent correct rate for
hit trials and a 93.7 per cent correct rate for manipu-
lation—hit trials. The accuracy rate of the probe test trials
(fixed-duration trials) was 73.3 per cent averaged across
subjects (figure 2). Individual analyses (binomial tests,
two-tailed, @ = 0.05) revealed that the performance of all
three chimpanzees was significantly better than chance
(24/35, p = 0.041 for Ai; 25/35, p = 0.017 for Chloe; 28/
35, p < 0.001 for Pendesa). These results indicate that
the chimpanzees were able to distinguish the cursor actions
controlled by themselves from those caused by other fac-
tors, even when the physical properties of those actions
were almost identical. Because both the self- and distractor
cursor movements were produced by the same individual,
the movements were presumably indistinguishable to a
third person (and to the experimenters), who passively
observed the display. Thus, successful generalization to
this test condition indicates that the congruence between
internally generated predictions and the observed external
outcomes is fundamental to recognition of the self.
However, it could still be argued that other external discri-
minative cues were present, and that these cues, rather than
perceived agency, were responsible for the chimpanzees’ be-
haviour. For example, if the chimpanzees manipulated the
trackball to the bottom of the screen during each trial, such
a biased pattern of responses would produce a simple associ-
ative response to touch the cursor located at the bottom of
the screen, regardless of whether they recognized that they
had controlled the cursor. Thus, experiment 2 was designed
to rule out the possibility of an associative response to a
particular external cue.

4. EXPERIMENT 2

Experiment 2 aimed to clarify whether the chimpanzee’s
performance observed in experiment 1 was owing to a
self-agency judgement, or to mere visual discrimination.
This experiment involved online and offline conditions.
The online condition was identical to the fixed-duration
trial in the previous experiment, whereas in the offline
condition, the chimpanzee was presented with cursor
movements that were identical to those in an online
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condition performed in the past. That is, in an offline
trial, one of the cursors replayed the motion of the pre-
vious self-cursor controlled by the chimpanzee in a
previous online trial, and the other cursor replayed the
motion of the distractor in the same online trial. Thus,
manipulating the trackball in the offline condition had
no effect on the display. The target locations were also
the same as those in the online trial. Therefore, all
events in the offline condition were exactly the same as
those in an original single trial of the online condition,
but the chimpanzee could control neither of the cursors.
The online trials used for the offline test were randomly
chosen from the previous online tests performed more
than 1 day before. If the chimpanzee’s behaviour was
based on simple associative responses to particular
visual properties shared by actions of the correct cursor
(or a common feature of the distractor cursor), they
should still choose the correct cursor (which was formerly
the self-cursor) over the other (which was formerly the
distractor). However, if the behaviour was governed by
the recognition that they were controlling the cursor, per-
formance in the offline condition should be significantly
lower than that in the online condition.

(a) Methods

(1) Task

The experimental task was identical to that in experiment
1, except for the following three features. First, the poss-
ible locations and the numbers of targets were increased
to maintain variability in the chimpanzee’s manipulation
patterns. Each target and cursor was randomly dis-
tributed on a 9 x 7 square matrix with a cell size of
34 x 34 mm. Two to nine targets were shown simul-
taneously, and their number and distribution were
pseudo-randomly determined according to the same
algorithm throughout the experiment. Second, recorded
past motion was used as the distractor in all trial types
instead of computer-defined regular actions, and the
chimpanzees were reinforced for all trials. These changes
reduced the available cues, meaning that the chimpanzees
had to rely more on self-agency than mere visual cues,
except in the offline condition. Thus, this change was
designed to maximize the contrast between the online and
offline conditions. Each distractor motion was unique to
the trial, and was chosen from a previous trial of the
same type (for example, the distractor action of a hit trial
was derived from a recorded self-action in a past hit
trial). Third, the duration of the fixed-duration trial was
adjusted for each individual to ensure stable performance
(3700 ms for Chloe and Pendesa, 5400 ms for Ai.).

(ii) Pretraining

The chimpanzees received pretraining sessions before the
test sessions to ensure consistent performance. The pre-
training session consisted of 48 trials including 16 fixed-
duration trials, 16 hit trials and 16 manipulation—hit
trials. The chimpanzees were reinforced for all types of
trials. The duration of the manipulation phase was gradu-
ally increased, and this preliminary training continued
until the percentage of correct responses in the fixed-dur-
ation trials in each session exceeded 80 per cent for three
successive sessions. Chimpanzees performed an average
of 16.7 pretraining sessions.
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Figure 3. Mean performance under the online and offline
conditions. Percentages of correct responses in the online
test, in which chimpanzees could move one of the cursors,
and in the offline test, in which both cursors were replays
of recorded motion from a previous online test. Each bar
shows the mean of all trials. The dashed line represents the
expected chance level. Error bars show 95% confidence
intervals. Grey bars, online; white bars, offline.

(iii) 7Test design

Each test session consisted of 54 trials, including six
online tests, six offline tests, 12 hit trials, 18 fixed-dur-
ation trials and 12 manipulation—hit trials. The ratio of
trial type was different from the pretraining, owing to
the introduction of the offline condition, which led the
chimpanzees to use cues rather than self-agency. As
such, we increased the fixed-duration trials, in which
chimpanzees would be expected to rely more on recogniz-
ing that they were controlling the cursor. Note that the
online test trials were identical to the fixed-duration
trials, but were predetermined as online test trials. In all
trials, the chimpanzees received differential reinforce-
ment. In the offline condition, if a chimpanzee touched
a cursor that had been correct in an original online con-
dition, it was regarded as a correct response. Each
chimpanzee completed a total of 36 sessions. The first
four sessions did not include an offline test because no
previous material was available to replay. To balance the
total number of trials, the last four sessions did not
include an online test. Therefore, we obtained data
from 32 sessions for each individual.

(b) Results and discussion

During the test sessions, the chimpanzees exhibited 87.9
per cent correct for fixed-duration trials, 99.2 per cent for
hit trials and 99.1 per cent correct for manipulation—hit
trials, averaged across participants. Figure 3 shows the
results of the online and offline test trials for each chim-
panzee. As shown in this figure, the chimpanzees
exhibited better performance in the online compared
with the offline trials ()(Z—test, a=0.05; Xf =16.2, n=
384, p < 0.001 for Ai; 3 = 42.9, n = 384, p < 0.001 for
Chloe; )(f = 20.8, n =384, p < 0.001 for Pendesa). The
offline and the online tests were visually identical, so if
the chimpanzees based their responses on a particular fea-
ture of the correct cursor, the performance under the
offline condition should not differ from that under the
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online condition. The observation that the chimpanzees
performed better in the online than the offline condition
strongly suggests that they relied on information that
was available when they were actually controlling the
cursor.

However, it should be noted that all three chimpanzees
performed significantly better than chance even in the off-
line condition (65.6% correct on average, binomial test,
a=0.05; 122/192, p<0.001 for Ai; 133/192, p<
0.001 for Chloe; 123/192, p < 0.001 for Pendesa),
suggesting that potential cues other than self-agency
might be available for the task, and that their performance
was based on these cues to some extent.

There are three possible candidates as cues for visual
discrimination. One possible cue is a position bias, as
mentioned in the discussion of experiment 1. Another poss-
ible cue is the difference in ‘goal-directedness’ of each
cursor (i.e. how efficiently the cursor approaches the tar-
gets). In the online condition, the chimpanzees attempted
to hit the target once they detected the self-cursor, meaning
that the actions of the self-cursor tended to be directed
towards the target. On the other hand, the movements of
the distractor were independent of the current location of
the target because the location of the target was not a repli-
cation of the trial in which the distractor action was
recorded. Thus, there was a visual difference in the two
cursor actions in terms of how efficiently the cursor was
directed towards the targets. The offline conditions were
an exact replay of an online trial, including the cursor
actions and target locations, meaning that a difference in
goal-directedness was still present. Chimpanzees are
known to attribute another’s action to the apparent goals
of an action [34]. In addition, it has been reported in
human studies that the subjective feeling of causing an
action to occur increases when task performance is exper-
imentally manipulated so that it appears to achieve the
task goal more efficiently than was actually the case [35].
Therefore, the difference in ‘goal-directedness’ of the
cursor actions might bias the choice of chimpanzees in the
offline condition. Another possibility arises from the termin-
ation of trials when the two cursors collided to prevent the
cursors overlapping at the choice phase, which would have
made it difficult to determine which cursor the chimpanzees
were trying to touch. However, once chimpanzees identified
the correct cursor and attended to it during the manipu-
lation phase, they attempted to keep the correct cursor
away from the distractor to avoid the termination of the
trial. This motion pattern was also a possible visual cue
for distinguishing the correct cursor. In future studies, it
would be interesting to manipulate the goal-directedness
of the distractor, and to test how this manipulation may
affect the agency discrimination in chimpanzees.

The offline condition was the most critical control
condition for determining whether chimpanzees
responded to particular external information properties
or based their choice on judgments of self-agency.
Although their above-chance performance under the off-
line condition indicates that other factors also contributed
to their discrimination performance, the chimpanzees’
better performance under the online condition suggests
that they used judgments of self-agency as a
discriminative cue. In the following experiment, we
further explored which stimulus properties affected the
chimpanzees’ performance.
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Figure 4. The effect of temporal delay and spatial distortion.
Bars show the mean percentages of correct trials for all test
sessions. Performance declined following experimental
adjustments of either the temporal or the spatial dimension.
Asterisks indicate significance at *p < 0.01, **p < 0.005 and
##ip < 0,001 in y*-tests. The dashed line represents the
expected chance level. Error bars show 95% confidence
intervals.

5. EXPERIMENT 3

To further explore the strategy used by the chimpanzees,
we investigated the effect of experimentally induced tem-
poral delay and/or spatial distortion in the relationship
between the trackball manipulation and cursor motion.
If the chimpanzees chose the cursor based on the congru-
ence between the predicted cursor action and the actual
cursor action, their performance would be expected to
deteriorate under conditions of delay or distortion.

(a) Methods

(1) Design and procedure

One chimpanzee, Chloe, who showed the most robust
and consistent performance in the previous experiments,
participated. We used a 2 x 2 within-subject design. By
combining two spatio-temporal factors (0 and 300 ms
temporal delays and 0° and 135° of spatial rotational
mapping), we prepared four test conditions. The baseline
condition (0 ms delay and 0° distortion) kept the same
contingency between chimpanzee’s manipulation of
the trackball and the output action of the self-cursor. In
the delay condition, the cursor moved following a
300 ms delay after manipulation of the trackball. In the
distortion condition, the direction of cursor motion was
deviated 135° in a clockwise direction from the manipu-
lation of the trackball. In the delay-distortion condition,
the action of the self-cursor was delayed by 300 ms and
distorted by 135°. Each test session consisted of 56
trials including 16 test trials (four trials per condition),
24 fixed-duration trials, eight hit trials and eight
manipulation—hit trials. Only the cursor movements
from fixed-duration trials or O ms x 0° test trials were
used as distractors. Chloe completed 32 test sessions.

(b) Results and discussion

Chloe exhibited an 85.5 per cent correct response rate for
fixed-duration trials, 94.6 per cent for hit trials and 96.2
per cent for manipulation—hit trials. Figure 4 shows
Chloe’s accuracy in each test condition. The results
showed that either delay or distortion decreased the per-
formance relative to that under the baseline condition.
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A y?-test revealed significant differences between the four
conditions (= 0.05; 3= 134.9, n =512, p < 0.001).
We further performed multiple comparisons for each
pair of test conditions using a )(Z—test with a Bonferroni
correction (o’ = 0.0125). The temporal delay signifi-
cantly decreased performance when the spatial relation
was not distorted, )(f =10.1, n= 256, p=0.001, for
the comparison of baseline versus delay conditions. How-
ever, this difference was not significant when the spatial
relation was distorted by 135°, ,\/f =0.02, n= 256, p=
0.89 for the comparison of distortion versus delay-distor-
tion conditions. By contrast, the spatial distortion effect
was significant regardless of the temporal manipulation,
Xf =84.8, n=256, p <0.001, for the comparison of
baseline versus distortion conditions, and Xf =43.9,
n=256, p <0.001 for the comparison of delay versus
delay-distortion conditions.

The finding that performance declined with the introduc-
tion of either a temporal delay or a spatial distortion suggests
that the chimpanzee’s performance was based on monitoring
in both the temporal and spatial domains. Self-agency attri-
bution is thought to be based on the congruency between the
predicted outcome of an action (preceding its execution) and
feedback about the actual action outcome, after it has
occurred [21-23]. The spatial distortion or temporal delay
introduced in this experiment broke the default contingency
between the trackball manipulation and the cursor action,
meaning that the cursor action was no longer congruent
with the chimpanzees’ ‘aimed action’. Declining perform-
ance under conditions of delay or distortion suggests that
the monitoring of congruency occurs in the domain of
both temporal and spatial factors.

However, the disruptive effects were stronger when
spatial distortion was applied relative to when the tem-
poral delay was applied. Performance in the condition
with temporal delay but without spatial distortion
was still above chance levels (binomial test, 93/128, p <
0.001). By contrast, performance with spatial distortion
was below chance levels (41/128, p < 0.001) for the dis-
tortion condition, and the delay-distortion condition
(39/128, p < 0.001). We speculate that the strong effect
of spatial distortion in the current study may be explained
by the observation that the manipulations performed by
this chimpanzee were biased along the vertical axis to
some extent. The motion of the correct cursor in the
trials with 135° of distortion tended not to be vertical,
but became more horizontal, whereas the motion of the
distractor remained biased towards the vertical axis;
hence, the chimpanzee might have avoided attending to
the less familiar motion. Thus, the unfamiliar action, in
addition to the absence of congruency between intended
motion and feedback in the spatial domain, might have
caused the significant deterioration in performance to
below chance levels. Based on these experimental results
and those of the offline condition in experiment 2, we
conclude that the chimpanzees’ performance in the
current task resulted from perceived self-agency, but
also from an influence of a variety of external factors.

6. GENERAL DISCUSSION

In a series of experiments, we investigated the cognitive
capacity of self-agency judgement in chimpanzees on a
cursor discrimination task. In experiment 1, we
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demonstrated that chimpanzees were able to recognize
which cursor was under their control, even when the
appearance and movement properties of the cursor were
comparable to those of another cursor. In experiment 2,
we confirmed that this performance cannot be attributed
solely to simple associations. The results indicated that
chimpanzees used information only available when they
actually controlled the cursor, which is the congruence
between an internally generated prediction about the cur-
sor’s action, and the actual observed action. The results of
experiment 3 revealed that these monitoring processes
were conducted within both spatial and temporal dimen-
sions. Taken together, these three experiments provide
clear evidence for self-agency recognition in chimpanzees.

Our results extend the findings of previous MSR
studies in chimpanzees, to the context of voluntary
action. MSR is considered to be a crucial step in self-rec-
ognition, but its underlying cognitive mechanisms remain
unclear [13,15-17]. Our present aim was to specifically
focus on the self-monitoring process. Here, we showed
that chimpanzees performed self/other attribution about
external events based on the monitoring of intended
action and actual feedback observed in the external
environment. Thus, the results suggest that chimpanzees
and humans share fundamental cognitive processes
underlying the sense of being an independent agent.

Our results also have implications for the discontinuity
between chimpanzees and humans. All chimpanzees in
this study showed performance that was above chance
in the offline condition. In addition, Chloe’s performance
in experiment 3 was significantly below chance in a spatial
distortion condition. These results suggest that the chimpan-
zees’ behaviour was governed by multiple cues, not self-
agency alone. The current task is intuitive for humans,
easily choosing which cursor ‘they were controlling’. Why
were chimpanzees so influenced by other factors? Chimpan-
zees may not possess a categorical representation of
self-agency, and may have less opportunity to explicitly
label whether the observed event was caused by self or
others in their daily lives. Categorical representation results
in sharp boundaries in responses to physically similar stimuli
belonging to different categories [36]. We showed that chim-
panzees are capable of agency discrimination based on
congruency/incongruence between their internal aims and
observed feedback. However, this does not necessarily
imply categorical representation of self-agency. Our current
results are not enough to conclude this view and it would
be valuable for future studies to investigate the categorical
representation of self-agency in chimpanzees.

It should be noted that the current findings differ from
the mere goal-directed action using some input devices.
Goal-directed aiming actions using joysticks, mirrors or
video recordings in non-human primates have been
reported in several studies [37-40]. However, these
reports do not necessarily imply that subject animals
performed self/other discrimination on the basis of a
monitoring process. Several human cognitive studies
have suggested a dissociation between self-agency judg-
ments and goal-directed actions [41,42], indicating the
existence of independent features of the underlying
processes involved in each.

The present experimental task required chimpanzees
to make explicit judgments of self-agency. Processing
self-agency is considered to occur at multiple levels of
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cognition, and some authors have discussed the distinction
between explicit self-agency judgments and implicit aspects
of self-agency [23,43—45]. Explicit judgments of self-
agency refer to the explicit self/other distinction and judg-
ments about the cause of actions or effects, for example,
when participants are required to report subjective feelings
of controlling or initiating observed events [46], or judge
whether they caused an action shown on a monitor or not
[29]. By contrast, implicit measurements of self-agency
refer to measurements where some self/other distinction
processes are involved, but participants are not directly
asked to judge the agent of the action, such as sensory
attenuation [47] or intentional binding [48]. The implicit
aspects of self-agency, especially sensory attenuation, are
reported in non-human animals as well as in humans, and
their neural mechanisms have been increasingly investigated
[49,50]. However, no studies have directly addressed
the explicit judgement of self-agency in non-human
animals. The present study is, to our knowledge, the first
demonstration of this cognitive function in chimpanzees.

The implicit aspects of self-agency may occur in many
animals, while the explicit judgement of self-agency may
only be observed in a limited number of species. Com-
parative studies including broader animal taxa would be
useful for examining this question. The present study
focused on chimpanzees, a species for which there is evi-
dence of MSR. We suggest the recognition of agency
might be the fundamental element to achieve MSR.
Thus, it is particularly interesting to test with macaques
[5,39] which did not show clear evidence of MSR, but
show contingency behaviour [7] and can learn to use a
mirror to guide their hands to reach an object [39]. Fur-
thermore, many species belonging to a wide range of taxa
have exhibited such mirror-guided reaching [6,51,52],
and positive reports of MSR in non-primates are cur-
rently accumulating [8—10,12]. These situations raise
the question of whether all observations of MSR in
different taxa reflect the same underlying cognitive mech-
anisms [11]. As mentioned above, there is increasing
evidence for the absence/presence of particular beha-
viours regarding mirror/video image presentation across
many species of animals. However, our understanding
of the psychological mechanisms underlying these beha-
viours is lacking. Study of self-agency recognition in
other species will help to elucidate the types of cognitive
functions that MSR does or does not reflect, and the
different stages of self-recognition in non-human animals.

In summary, we developed a new comparative
methodology to elucidate voluntary action involving the
self-monitoring process and showed that chimpanzees
and humans share fundamental cognitive processes
underlying the sense of being an independent agent;
that is, self-agency. The theoretical framework and the
experimental paradigm proposed here provide new possi-
bilities for studying self-recognition in non-human
animals, and will inform future investigations of its
underlying psychological mechanisms.

The care and use of chimpanzees complied with The Guide
for the Care and Use of Laboratory Primates (2002) of the
Primate Research Institute, Kyoto University.
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