
  

  

 
Abstract— Robots are used in many situations. However, 

there are fields that could potentially use robotic technology but 

do not at present. The art field is one of these. Compared with 

new media art, there are few art forms that use robots. Robots 

are media with a body and intelligence and facilitate various 

types of interactions. This is different from recent new media. 

Therefore, robotic media will provide novel experiences with 

artworks not only to the audience but also to the artist, just as 

new media provides interactive and immersive experiences with 

artworks. Our long-term goal is to create robotic media 

artworks and to reveal what is occurring with these artworks. 
Our initial aim is to facilitate interactive discussions with dance 

performers and to develop a co-development tool named 

"Prototyping Support System." This system consists of an 

RGB-D camera, PC, and projector, and achieves touch 

interaction with a robot in VR. Furthermore, we investigated the 

impact of a robot's reaction time on the robot's perceived 

emotion using this system. An experiment showed, especially in 

the case where the robot reacted by transforming, that a faster 

reaction time for the robot resulted in a greater perception that 

the robot was surprised. This paper discusses the system and its 

application in an experiment designed to determine the impact 

of the robot's reaction time and form in VR. 

I. INTRODUCTION 

The integration of electronic technology and art has been 
present in cinema, music, and video for some time. More 
recently, the focus has shifted to new media art [1]. This type 
of artwork utilizes sensor and computer technologies to 
provide an interactive and immersive experience for the 
audience. Additionally, some artworks use bodily media, such 
as the dance performances produced by Rhizomatiks [2] and 
performances that use JIZAI arms [3]. These bodily media 
artworks will provide new experiences not only for audiences 
but also for artists. These experiences will differ from those 
produced by recent new media art. This study focused on the 
use of robots as a medium. 

The human–robot interaction (HRI) research field is vast 
and diverse. There are robots with various types of 
appearances, including humanoid robots (e.g., KOBIAN [4], 
TWENDY-ONE [5], ERICA [6], Pepper [7]), animal-inspired 
robots (e.g., AIBO [8] and Paro [9]), uniquely shaped robots 
(e.g., LAVOT [10] and Keepon [11]), and flying robots such as 
drones [12–14]. Additionally, robots can interact in various 
ways, including through gestures and facial expressions [4], 

 
1 Hiroki Shido is from the Graduate School of Waseda University, Tokyo, 

Japan, e-mail: rx007802hiroki@akane.waseda.jp 
2 Massimiliano Zecca is a professor at Loughborough University, 

Loughborough, United Kingdom 

3 Hiroko Nishi is a professor at Toyo Eiwa University, Kanagawa, Japan 
4 Hiroyuki Ishii is a professor at Waseda University, Tokyo, Japan 

verbal communication [6], and touch [5, 8–10]. Robots are 
capable of various interactions with different types of bodies. 
Because of these features, various studies have been conducted 
on artworks produced using robots [2, 15–19], and robots have 
been used in various types of performances, especially dance. 
For example, Ms-DanceR [15] performs ballroom dances with 
humans, and biped humanoid robots have been produced that 
stamp their feet in time with musical beats like humans [16]. 
However, fewer studies have focused on robots as media. 
Therefore, we focused on the relationship between performers 
and robotic media. 

 Thus far, we have developed a new type of flying robot 
called the “Soft Flying Robot” [20], which can become a dance 
performance partner. This robot flies using a buoyant force 
from a helium-filled aluminum balloon and thrust forces from 
piezoelectric micro-air pumps. Its blade-free flight mechanism 
makes it relatively safe to touch the robot compared to 
unmanned aerial vehicles (UAVs) [12–14]. Additionally, it 
facilitates touch interaction with a human through capacitive 
touch sensors and LEDs. In the study [20], the Soft Flying 
Robot was introduced in a dance workshop with performers. 
Together, they created unique art performances (see Fig. 1) 
that differed from those performed with UAVs [2]. The 
performances induced extraordinary feelings in the performers. 
Thus, we hypothesized that robotic media artworks will 
become co-creational because of their unique hardware. This 
feature will be not only in the performance itself but also in its 
development process. Thus, we focused on its process.  
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Figure 1. Artwork created by the Soft Flying Robot and dance 

performers [20]. 
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The objective of this study was to develop a 
co-development tool for prototyping robots and creating 
robotic media artworks. Through the development of 
interactive robots for performing arts [20], we obtained the 
idea of a co-development tool to share images of the 
interactive robots before assembling prototypes, using virtual 
reality technologies. This tool can provide more interactive 
and exciting discussions between robot engineers and dance 
performers. In this study, we developed a co-development tool 
called the "Prototyping Support System" to facilitate 
interactive discussions between robot engineers and dance 
performers. This tool utilizes virtual reality (VR) technology to 
visualize various appearances and behaviors, including 
interactions with interactive robots in VR. Additionally, we 
investigated the impact of a robot's reaction time on its 
perceived emotion in VR, with the goal of designing the 
emotional behavior of non-humanoid robots such as the Soft 
Flying Robot [20].  

The remainder of this paper is organized as follows. 
Section 2 describes the concepts and configuration of the 
system. Section 3 covers the design of the experiment. Section 
4 presents the experimental results. Section 5 discusses the 
results and observations of the study. Finally, section 6 
presents a conclusion and the outlook for future research. 

II. PROTOTYPING SUPPORT SYSTEM 

 Fig. 2 displays an application image of the Prototyping 
Support System (PSS). To facilitate co-development with 
performers, it is important to visualize the robot's appearance 
and behavior, especially for performers who want to express 
themselves through their bodies. However, prototyping robots 
is time-consuming, and it is challenging to prototype various 
types of robots for each meeting or workshop. The system was 
designed to visualize the appearance and behaviors of a robot 
in VR, which facilitates discussions between robot engineers 
and dance performers. The concepts of the system are shown 
below. 

Concept A.  Make it easy to change the appearance and 
behavior of the robot. To ideate what the performer 
needs to express, it is important to visualize many robotic 
ideas. This is in line with the principles of design 
thinking [21]. 

Concept B. Use marker-less motion capture to reflect human 
motion onto an avatar in VR. Markers and other motion 
capture accessories become obstacles. Marker-less 
motion capture is necessary to capture performances in 
natural ways. 

Concept C. Interact with the robot in VR. During 
performances, performers interact with the robot. It is 
important to discuss not only the robot's appearance but 
also the details of this interaction (e.g., reaction form and 
reaction time) before prototyping. 

A.  System Configuration 

Fig. 3 shows the system configuration of the PSS. The 
system allows an avatar in VR to reflect a real human pose, 
using data from an RGB-D camera. The method for as a 3D 
real-time pose estimation method [22]. Fig. 4 shows its 

 
Figure 4. Pose landmark model of MediaPipe Pose [22]. 

 
Figure 3. System configuration of the PSS.  

All devices are connected by cables. 

 

 
Figure 2. Usage image of the PSS. 
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landmark locations. This method simplifies the equipment 
compared to other methods of human pose estimation, such as 
the 3D DLT method [23] and volumetric capture method [24].  

Users will interact with the virtual robot using their avatar 
body in VR. Their avatar body is created by the Unity engine. 
The image is projected onto a screen, allowing users to 
experience a simulated environment. The system's 
configuration enables the achievement of Concepts A and B. It 
is necessary to consider the form of interaction to achieve 
Concept C. 

B. Interaction Design 

We selected touch interaction from the various types of 
possible interaction methods. There were two reasons. First, 
their physical body is an important factor in how a human 
experiences the world. Several studies on touch interaction 
have supported its importance [25–27]. Second, touch 
interaction with a robot will be utilized in dance performances. 

The preliminary reactions selected for robot interaction 
were transformation, sound emission, and light emission 
because these reactions will be available in VR. However, 
there was no method for designing the artistic behavior of a 
robot. Therefore, we conducted an experiment to investigate 
the effect of behavioral factors (e.g., the reaction form and time 
of the robot) on its perceived emotion because art is based on 
the expression of emotion. 

III. EXPERIMENT 

A. Objective of the Experiment 

The objective of this experiment was to examine how a 
robot's reaction form and time impact the emotion that the 
robot is perceived by a human to be expressing through touch 
interaction in VR. 

B. Experimental Environment and Equipment 

Fig. 5 shows the experimental environment, which mainly 
consisted of the PSS. The contents of the equipment are listed 
in Table I. The virtual robot's appearance was based on that of 
the Soft Flying Robot [20]. The questionnaire asked, “How did 
you think the robot was feeling during the interaction? Please 
select an answer from 1 (very unlikely) to 4 (very likely) on the 
excel sheet.” The target emotions are listed in Table II, which 
refers to Ekman’s six basic emotions [28]. 

C.  Method 

Fig. 6 shows the flow of the experiment. Before the 
experiment, we obtained informed consent in writing. The 
experiment was explained verbally and in writing. First, the 
virtual environment was explained. This was followed by 
explanations of the interaction method and process used in the 
experiment. Fig. 7 shows a view of the system and the neutral 
condition of the VR robot. The experimental conditions are 
listed in Table III. There were two reaction time conditions 
because preference changes between 0 s and 1 s on instruction 

TABLE I. EQUIPMENT USED IN THE EXPERIMENT 

Equipment 

RGB-D camera (Intel RealSense D455) 

PC (CPU: Intel core i7 Gen 11th ) for the system 

Projector 

Questionnaire in the other PC 

 

 
Figure 5. Experimental environment. 

 

 
 

Figure 6. Flow of the experiment. 

TABLE II. TARGET EMOTIONS IN THE EXPERIMENT 

Number Emotion 

1 Happiness 

2 Surprise 

3 Anger 

4 Fear 

5 Disgusted 

6 Sadness 

7 Neutral 
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with GUI [29]. There were loud and soft sounds emitted as 
reaction conditions because different impressions are made in 
the presence of loud and soft sounds [30]. There were red, blue, 
and yellow light emitted as reaction conditions because 
different impressions are made in the presence of these colors 
[31]. These 12 experimental conditions were randomized using 
the balanced Latin squares method. There were 84 results per 
participant (12 conditions × 7 emotions). The participants 
consisted of 13 (male: 11, female: 2) students from 
Loughborough University. The study was approved by the 
Loughborough University Ethics Approvals (Human 
Participants) Sub-Committee (project ID: 16375). 

IV. RESULT 

A. Overview 

When comparing the reaction times in the same reaction 

form, there were different combinations, and variation was 

found in the answers among the participants. In this paper, we 

focus on the red-light emitting reaction condition (Fig. 8.a) 

and transforming reaction condition (Fig. 8.b) because a trend 

was found under these reaction conditions. 

B. Red Light-emitting Reaction 

More than half of the participants perceived that the robot 

was angry or unhappy. Fig. 9 shows that there was a small 

difference in the number of participants (11 under the 1 s 

condition and 9 under the 0 s condition) who perceived that 

the robot was angry. Furthermore, no participants perceived 

that the robot was happy under either condition. Therefore, the 

robot expressed anger or unhappiness through the red-light 

emitting reaction, regardless of whether the reaction time was 

0 s or 1 s in VR. There were three related studies on reactions 

that induced anger or unhappiness. In the first, the color red 

was often associated with anger [32, 33]. In the second, 

human faces turned red when they were angry [34]. In the 

third, anger was positioned opposite to happiness in Russell's 

circumplex model [35].  

C. Transforming Reaction 

More than half of the participants perceived that the robot 

was surprised. Fig. 10 shows that 9 participants under the 1 s 

 
Figure 7. Three system viewpoints: front, top, and side, with the VR 

robot in neutral condition. 

TABLE III. EXPERIMENTAL CONDITIONS 

Number Reaction form of the robot 
Reaction time 

[s] 

1 
Transforming 

1 

2 0 

3 
Loud sound emitting 

1 

4 0 

5 
Soft sound emitting 

1 

6 0 

7 
Red light emitting 

1 

8 0 

9 
Blue light emitting 

1 

10 0 

11 
Yellow light emitting 

1 

12 0 

  

 
(a) Red-light emitting reaction           (b) Transforming reaction 

Figure 8. Appearances of the reaction forms. 

 
Figure 9. Answers in red light emitting condition. 

 
Figure 10. Answers indicating surprise under the transforming 

condition. 
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condition and 11 participants under the 0 s condition 

perceived the robot to be surprised. Furthermore, 5 more 

participants answered very likely under the 0 s condition than 

under the 1 s condition. These results suggest that the reaction 

time affects the perceived surprise of a robot in VR. This 

transforming reaction (Fig. 8.b) may have been perceived as 

surprise because the reaction is similar to the human 

expression of surprise [36]. Additionally, surprise was the 

fastest of the emotions, which was why a faster reaction was 

more often perceived as surprise [36].  

V. DISCUSSION 

A. Possibility to Enhance Discussion in Prototyping 

 In the experiment, all the participants recognized the VR 

robot as an interactive agent and answered questions about the 

VR robot’s emotions. Therefore, we believe that our PSS 

simulates some parts of interactions between a user and the 

robot in the real world. It can be useful to facilitate interactive 

discussions between robot engineers and dance performers, 

during the prototyping phase of the interactive robots. For 

instance, we are planning to conduct workshops with dance 

performers to design novel soft flying robots.  

Furthermore, this system can be used in various art 

performances. One possible application of this system is as a 

prototyping support tool for installation art that involves 

robots [37]. The system allows robot engineers and 

installation artists to visualize the appearance and motion of 

the installation artworks using robotics. The system facilitates 

interactive discussions between robot engineers and 

non-engineers similar to a dance performance with robots. 

Another possible application of this system is as a 

performance support tool for dance performances [38]. With 

this system, dance performers are able to access the virtual 

body and virtual environment. For instance, when a dance 

performer wishes to transform into a dragon, the virtual avatar 

transforms its appearance into a dragon. When a dance 

performer wishes to dance into the sky, the virtual 

environment adapts accordingly. 

The system will facilitate the evolution of artworks by 

serving as both a prototyping and performance support tool. 

However, this system has a limitation in providing tactile 

feedback. Recent studies suggest that tactile feedback is also 

important for interactive systems[39, 40]. Therefore, our next 

step is the development of a tactile feedback device for a more 

interactive PSS. 

B. Emotional Behavior of Non-humanoid Robot 

Based on the experiment results, it is suggested that 

participants anthropomorphized the non-humanoid robot and 

assumed it had emotions based solely on visual cues.  When 

the robot turned red, the participants perceived the robot as 

angry or unhappy. The same is true when the human face turns 

red [34]. Additionally, when the robot transformed like 

opening from the center quickly, the participants viewed the 

robot as surprised. The same is true when a human opens his 

eyes and mouth wide [36]. The relationship between a robot's 

reactions and perceived emotions was similar to that of 

humans. Therefore, if audiences and performers assume that 

the robot has emotions, human facial expressions [28] and 

emotional models [34] could be used to design the emotional 

behavior of a non-humanoid robot, which will be like that of 

humans [4]. However, our experiment results are limited to 

simple expressions. Non-humanoid robots can exhibit more 

complex behaviors due to their bodies differing significantly 

from humans. Therefore, our next step is to investigate the 

relationship between non-humanoid robot’s emotions and 

their various forms and behaviors using the PSS.  

C. Scheme for Flexible Viewpoint 

During the experiment, participants interacted with the 

virtual robot using their avatar's hand. The experimental 

system provided three viewpoints (front, side, and top) 

because it is challenging to perceive the distance between 

avatars and virtual agents in VR (refer to Fig. 7). However, to 

achieve the image shown in Fig. 2, a non-fixed viewpoint is 

necessary. To achieve this, we propose visualizing the angle 

and distance using a colored beam (see Fig. 11), which would 

be useful. 

 

VI. CONCLUSION 

In this study, we aimed to realize interactive discussions 
with performers and developed a “Prototyping Support 
System.” This system achieved interaction with robots in VR 
and was used in an experiment to investigate the impact of a 
robot’s reaction time on its perceived emotion. The 
contributions of this study center around robotic media 
artworks and the emotional expression of robots in VR. In the 
future, we aim to develop tactile feedback devices, investigate 
more complex emotional expressions in robots, and propose 
using the system to co-develop various types of robots with 
performers, along with developing methods for creating 
robotic media artworks.  
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Figure 11. Image of a flexible viewpoint with colored beams 

The red beams represent an object that is near, while the blue beams 

represent a distant object. 
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