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Abstract. This paper investigates how people attribute individual autonomy to 
a remotely operated robot. An experiment was conducted in which participants 
remotely operated a goalkeeper robot to defend its goal from the kicker robot. 
Participants were assigned to two types of experimental conditions. Participants 
assigned to the first condition watched video images that captured the motion of 
the kicker robot from behind the goal. Participants assigned to the second con-
dition watched video images of the kicker robot from the position of the goal-
keeper robot. The result suggests that people are not concerned with the avatar's 
autonomy when they are focused on the avatar’s situation. 

1   Introduction 

As robotics, media technologies, and intellectual information processing technolo-
gies advance, such technologies have become able to interact with the circumstances 
through the operation of an artificial body different from their own living body [1]. 
For instance, people virtually communicate with others by CG drawn avatars that 
visually symbolize the user characteristics and mediate between the user and others 
in Computer Mediated Communication (CMC) situations. Furthermore, the remark-
able progress of robotics provides users with instruments to actually operate mecha-
nized bodies (robots) that also materialize in “another body” of a user in different 
circumstances from those of the users [2]. 

Although people can employ “another body” as a physical substitute, its operation 
is basically symbolic and corresponds to user intentions. In other words, the behaviors 
of “another body” are not generated autonomously by itself; users must intentionally 
provide operations for it. Turning to our own living bodies, people frequently perform 
physical actions unconsciously without particular attention to their circumstances, but 
people do not consciously recognize how to behave toward a change of their circum-
stances. This is our usual experience. When walking up stairs, our bodies (knees and 
feet) unconsciously and automatically adjust to the height of the steps even if the 
steps gradually change with no recognition. As both above cases, people naturally 
accept these recognitions as their own bodily actions, even though their bodies per-
formed unconsciously and automatically. Although these facts of recognition  
concerning the origin of body activity are exact opposites, people generally identify 
intentional actions with unconscious autonomous actions. Such action recognition is 
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attributed to the people themselves. This assumption accepts the notion of the  
relationship between a human body and a mind living in the real world.  

The progress of robotics, media technologies, and intellectual information process-
ing technologies, however, has introduced new problems concerned with “another 
body” that might show different recognition aspects from natural bodies. Therefore 
we must explore how people identify the recognition of unification between action by 
“another body” and intentionality. This study experimentally elucidates the problem 
of identification with the autonomous action of “another body.” 

2   Attribution of Identity and Another Body 

Today, virtual characters called avatars exist who symbolize a user's personality by 
CG and are identified as “another body” of the user [3]. In general, users employ ava-
tars for living and performing in such virtual cyber worlds as the Metaverse of Second 
Life. Avatar behaviors are basically formalized by symbolic commands that corre-
spond to user intentions to operate avatar actions. The avatar only performs based on 
user intentions except for physical responses to receiving an external force to the ava-
tar's body. This applies to human behaviors, which are decided by individual inten-
tions. For humans, however, their own bodies unconsciously perform autonomous 
actions without any intention to behave. For example, although people do not espe-
cially pay attention to the height of steps when they climb them, they can smoothly go 
up and avoid stumbling. When playing catch, people throw or receive the ball without 
predicting its detailed course. These examples indicate that human behavior is not 
only governed by humans themselves but it also appears automatically without con-
sciousness or without attention. In other words, human behavior consists of two types 
of action: intentional and autonomous. But people do not feel any special sense of 
incongruity or doubt with regard to such autonomous actions that are unaware and 
unconscious. Furthermore, people tend to identify such autonomous actions with their 
own reasonable actions that equal intentional actions. 

Such recognition of human action, however, begs the question: do people identify 
the autonomous action of an avatar as an action attributed to themselves? The follow-
ing are the structural differences of autonomous action between avatars and living 
humans. 

1. Although a living human works as an executive substance that performs both 
autonomous and intentional actions, people cannot definitely identify and discrimi-
nate these actions. 

2. Users, therefore, can definitely identify and discriminate between the autonomous 
action of an embodied avatar and their intended actions because the avatar’s body 
is independent of the user's own body. 

The main factor of such identifications originates in the action executor. During ava-
tar operations, the action of the executor’s standpoint is generally situated in the users 
themselves and denotes that the user deems the avatar's autonomous action independ-
ent of the user's intention or the accident of controllability. When the user's standpoint 
as action executor is situated in the embodied avatar, whether the user identifies the 
avatar's autonomous action as an action attributed to him/her is not elucidated. 
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Thus this study experimentally investigates the cognitive effect on the user stand-
point as the action executor interacts with the identification of the avatar's autonomous 
action. 

3   Experiment 

3.1   Prologue  

As described above, both an avatar and its user have bodies that exist in the same real 
world, and each body can intentionally act based on the circumstances. On the other 
hand, the avatar's body or the user's body can respond adaptively to changes in their 
circumstances. The avatar behavior, however, is only assigned intentional operations 
by the avatar's user, so the avatar generally does not behave autonomously without 
any user operation. Therefore, when an avatar autonomously responds to the change 
of circumstances, general users will recognize that the avatar’s behavior is deviating 
from the user's intentional operation. 

In this section, we delineate a hypothesis that empirically offers a plausible reason 
and explain the experiment to verify the proposed hypothesis. 

3.2   Hypothesis and Predictions 

This experiment’s hypothesis is based on the empirical fact that people identify un-
conscious and autonomous actions taken by their body such as blinks or nods as well 
as intentional actions. Such a human tendency to recognize one’s own body action is 
caused by a factor that the executor of both of these actions is situated in the unique 
human's body. Accordingly, when a user and his/her avatar as “another body” share 
the same standpoint to interact with his/her circumstances, the user does not identify 
the autonomous actions of the embodied avatar with his/her intentional actions. 

Hypothesis. An avatar's autonomous action, which is presumed to be an action attrib-
uted to the user, depends on the situated standpoint to interact with its circumstances. 

Predictions. In this experiment, a self-movable, remotely operated compact robot, 
employed as an avatar of the user, moves autonomously to accomplish the user's task 
without any operation. Experiment participants were required to make the robot move 
to either side of its position based on the changes of the circumstances. 

With the above experimental arrangements, the following two predictions are made 
based on the situated standpoint of the participant to operate the robot: 

• When the operator’s standpoint as a user of the avatar (robot) is situated by his/her 
self, the operator will leave the avatar's action to the avatar itself when it starts 
moving autonomously, because the operator supposes that the avatar has inherent 
motivation to accomplish tasks shared by the avatar and the operator. 

• When the operator’s standpoint as a user of the avatar is situated on the avatar (ro-
bot), the operator will manipulate the avatar himself/herself to accomplish the task, 
even though it starts moving autonomously, because the operator identifies the  
avatar’s autonomous action with his/her action. 
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3.3   Participants and Experimental Conditions 

Thirty undergraduate and graduate students participated in this experiment. Half were 
randomly allocated to the following levels controlled by the Standpoint factor under a 
between-subjects design. 

Standpoint Factor 
Level of same standpoint 
These participants operated their avatar (robot) by watching video images from a 
CCD camera mounted on the robot (Fig.1a). Accordingly, they shared a standpoint 
and circumstances with the avatar. 

Level of different standpoint 
These participants operated their avatar (robot) from behind it (Fig.1b). Accordingly, 
they did not share a standpoint and circumstances. 

Autonomy Factor. Both levels of participants uniformly experienced the following 
two conditions under a within-subjects design that compared the participant responses 
that depended on the autonomous actions of the avatar. 

Level of autonomous moving 
The robot automatically moves to the most efficient position to accomplish the task 
when the participant as an operator stops moving the robot. 

Level of control 
The robot is continuously operated by the participants to accomplish the task. 

This experiment examines whether the avatar's autonomous action, which is pre-
sumed to be an action attributed to the user, depends on the situated standpoint for 
these four experimental conditions based on a 2x2 mixed-subjects design. 

3.4   Observational Indicator 

The time span is measured to determine how long the participant moves the robot to 
accomplish the task and to verify the effect of cognitive interaction between the 
autonomy and the standpoint. The measured times are compared among the four  
 

       
                                   (a)                                                                    (b) 

Fig. 1. (a) Participant’s view in the level of same standpoint. (b) Participant’s view in level of 
Different standpoint. 
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experimental conditions and confirmed by ANOVA. As described above, the length 
of moving time indicates that the participants recognize the autonomy when the robot 
behaves autonomously. 

3.5   Method 

Settings. In this experiment, two types of robots simulated a soccer penalty kick. One 
was assigned to the kicker and other to the goalkeeper. Participants remotely operated 
the goalkeeper robot that actually behaved as an avatar of the participant. Both robots, 
which were assembled by LEGO Mindstorm NXT, were remotely controlled through 
a Bluetooth wireless network. Each robot had the following original functions:  

Goalkeeper robot 
This robot, which was remotely operated by the participant, blocks shots from the kicker 
robot (Fig.2 left). The robot can move right and left to defend the goal like a soccer  
goalkeeper, and it can also defend automatically based on the experiment conditions. 

Kicker robot 
This robot is controlled by the experimenter behind the scenes (Fig.2 right). The experi-
menter can move the robot either right and left. In the initial condition, the robot holds a 
tennis ball. The experimenter shoots when the opportunity to score a goal is presented. 

Task. The participants were instructed to do penalty shootouts (kick) through the re-
motely operated robot. The kicker robot, controlled by the experimenter, regularly 
shoots the ball at the goal six times in succession. The goalkeeper robot basically 
moves based on the participant's operation, although it autonomously moves to defend 
the goal when the participant pauses his/her operation during any three of the six con-
secutive shots. 

Procedures 
1. The experimenter instructed the participants and showed them a short movie about 

operating the goalkeeper robot as an avatar of the participant. 

 

Fig. 2. The goalkeeper robot (left) and the kicker robot (right) 
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Fig. 3. Overview of the task field 

2. The participants practiced by moving the goalkeeper robot for one minute. 
3. The participants start the task (Fig.3). In this phase, the time span was measured to 

determine how long the participant moved the robot to accomplish the task and to 
verify the effect of cognitive interaction. 

3.6   Results and Consideration 

Figure 4 shows the results of each experimental condition and indicates how long the par-
ticipant moved the robot. There is no difference between conditions S-C and D-C, but there 
is a significant difference between conditions S-A and D-A (p<.01). These results demon-
strate a statistical interaction between the Standpoint and Autonomy factors (F(1,26)=11.07, 
p<.01). In addition, statistical main effects are ascertained in the Standpoint (F(1,26)=25.05, 
p<.01) and Autonomy factors (F(1,26)=79.65, p<.01), respectively. 

 

Fig. 4. The average time span how long does the participant work on moving the robot 
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The results introduce an outlook for the question whether users identify the avatar's 
autonomous actions as actions attributed to themselves. The results show that they do 
not identify the autonomous actions of the embodied avatars with their intentional 
actions when a user and his/her avatar as “another body” shared the same standpoint 
when interacting with his/her circumstances. 

The two revealed predictions of the results, based on the situated standpoint of the 
participants who operated the robot, were based on the hypothesis. Consequently, 
these predictions were confirmed, and the hypothesis was supported by the experi-
ment results. The avatar's autonomous actions, which are presumably attributed to 
users, depend on the situated standpoint for interaction with the circumstances. 

We empirically demonstrated that users can definitely identify and discriminate be-
tween the autonomous actions of embodied avatars and their own intended operative 
actions because the bodies of avatars are independent from the users’ own living bodies. 

4   Conclusion 

This study explores how people identify the recognition of unification between action 
by “another body” and their own intentionality. From the experiment results, there is 
significant interaction between the situatedness of the standpoint and the autonomy of 
embodied action, indicating that users do not identify the autonomous actions of em-
bodied avatars with their intentional actions when a user and his/her avatar as “an-
other body” shared the same standpoint to interact with their circumstances. In other 
words, the result suggests that people are not concerned with the avatar's autonomy 
when they are focused on the avatar’s situation. 
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