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Abstract: In this paper, we propose an loT avatar that anthropomorphises
various objects in real space as avatars that can communicate with people
around them. Each IoT avatar is realised by attaching a small communication
device equipped with a camera, microphone, and speaker that is operated by a
remote user. In the context of using avatars in real space, robot avatars have
attracted attention and have been effectively utilised. However, the use of these
robot avatars may require a large number of robots to be deployed at each
remote location. In contrast, an IoT avatar has the advantage that the objects
themselves can be used as avatars. In this study, we focused on the voice of an
IoT avatar with the aim of anthropomorphising various objects as avatars.
Therefore, a prototype was developed that implements a voice transformation
function and a real-time altered auditory feedback function for a remote user.
From the evaluation experiments, it can be said that the proposed system was
able to anthropomorphise objects as avatars and communicate with people
on-site. It is also suggested that the remote users can communicate with the
people on-site as if they were becoming the objects themselves via the
proposed system.
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1 Introduction

Internet of things (IoT) technology has made it possible to exchange data through the
Internet with various things in our surroundings. Currently, [oT technology has been
integrated into commercially available products and services. Specifically, it has
primarily involved using sensors to collect data for analysing and monitoring the thing’s
surroundings, as well as sending signals from remote locations to control the thing.

On the other hand, in recent research and development related to IoT technology,
efforts are not limited to the transmission and reception of sensor data or remote control;
there is also a focus on developing effective interactions between IoT devices and the
people around them (Alanwar et al, 2017; Rubio-Drosdov et al., 2017,
Delgado Rodriguez et al., 2021). A technology that has received particular attention is the
voice user interface (Meng et al., 2020; Zhang et al., 2020; Muhamad et al., 2021). For
example, by using smart speakers such as Amazon Echo and Google Home, users can
interact with surrounding IoT devices through voice commands within their home. In
addition, there has been research on IoT devices themselves providing information
through voice output, such as studies on multiple IoT speakers (Ogi et al., 2020). This
research developed a system in which [oT speakers are installed in various objects within
the real space, enabling these objects to speak and present information. Evaluation
experiments were conducted, demonstrating the effectiveness of voice-based information
presentation using multiple 1oT speakers. However, to better understand user needs and
provide information flexibly according to the context and situation, it is necessary not
only to present information through speakers but also to enable these objects to
communicate with the user in a human-like manner.

Therefore, we aim to enable various objects in the real space to serve as avatars,
allowing them to communicate with users in a human-like manner. In other words, this
paper proposes IoT avatars, which anthropomorphise various objects themselves as
avatars.

One of the important factors to consider when anthropomorphising objects as avatars
is the avatar’s voice. Previously, a system was developed that uses the original voice of a
remote user as the voice of an IoT avatar, and an evaluation experiment was conducted in
which the IoT avatar communicated with the user on-site (Kida et al., 2024). In this case,
it was shown that the users on-site who communicate with the IoT avatar have an
awareness that they are communicating with the object itself, and at the same time, they
also have an awareness that they are communicating with a remote user. From these
results, it was considered that transforming the IoT avatar’s voice from the original voice
of the remote user to a voice resembling that of a robot or character could be beneficial.
This voice transformation (VT) is anticipated to reduce the users’ awareness of the
remote user and enhance their sense of communicating with the object itself. In addition,
to anthropomorphise objects as avatars, it is necessary for the remote user controlling the
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avatar to have a sense of becoming the object itself. In the context of ‘becoming’, prior
research on a tele-operated robot is relevant (Ogawa et al., 2024). In this study, the
remote user’s voice is transformed into a voice that matches the robot’s appearance, and
that voice is output through the robot while simultaneously providing real-time altered
auditory feedback to the remote user, thereby demonstrating the effect of ‘becoming the
robot’.

Based on the above, the purpose of this study was to develop a new avatar system,
‘IoT avatar’, which can anthropomorphise various objects as avatars, and we focused on
voice functions as an element of anthropomorphism. Therefore, we developed a
prototype that implements VT and real-time altered auditory feedback function for a
remote user. In this study, its effectiveness was evaluated and discussed.

In the following Section 2, the concept of the IoT avatar is outlined. In Section 3,
related work is described, and the positioning of this study is explained. In Section 4, the
system design of IoT avatars is illustrated. In Section 5, the evaluation experiment that
verifies the effectiveness of the proposed system is explained, and in Section 6, the
discussion is presented. Finally, in Section 7, this study is concluded.

2  Concept of IoT avatar

The concept of the IoT avatar proposed in this study is that various objects in real space
themselves are anthropomorphised as avatars, and the objects can communicate with the
people around them. Figure 1 presents examples of use cases for this concept. For
example, while users are engaged in design work using a whiteboard, the whiteboard
could speak, participate in discussions, and offer ideas. Similarly, a door could
communicate, providing information about room usage or verifying users. The
functionality of this IoT avatar is achieved by attaching an IoT avatar device to various
objects, with the avatar itself being controlled remotely by a remote user via the device.
While the use cases shown in Figure 1 are just examples, the potential applications of the
IoT avatar are broad and can extend to various locations where people gather, such as
shopping malls, stations, and airports.

Figure 1 Use cases of [oT avatar

| think this design is better. A meeting is underway now.
Who are you?

How about this design?
Please knock me softly.

loT avatar loT avatar
(Whiteboard avatar) (Door avatar)

It tickles me
when you write.

 E o
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An example of using avatars in real space includes the use of robot avatars (Bremner and
Leonards, 2016; Aymerich-Franch et al., 2017; Kida et al., 2023). In robot avatars, a
robot with a physical entity serves as an alter ego for remote communication. For
example, there are services and research aimed at supporting employment for disabled
people by using robots as avatars to perform tasks such as transporting goods and
providing customer service remotely (Takeuchi et al., 2020; Barbareschi et al., 2023).
Additionally, robots are utilised as avatars in various settings, such as shopping malls
(Song et al., 2020), tourist information centres (Glas et al., 2013), and public spaces
(Baba et al., 2021). However, the use of robot avatars in various remote locations requires
a large number of robots to be deployed at each remote location. In contrast, the IoT
avatar has the advantage that the objects themselves in place can be used as avatars.

3 Related work

Anthropomorphism refers to the attribution of human characteristics to non-human
entities, and there have been reports of research into the anthropomorphism of objects
(Wan and Chen, 2021; Gelman et al., 2022). In terms of the actual anthropomorphism of
everyday objects, specifically, systems have been designed and developed that
anthropomorphise objects such as a refrigerator, printer, and coffee machine and interact
with people (Osawa et al., 2006, 2008; Qiu, 2020). As well as in research, the
anthropomorphism of objects is also often depicted in movies and animations. For
example, in the Disney movie Beauty and the Beast, everyday objects such as a clock, a
candelabra, and a teapot appear as characters that have been anthropomorphised. These
characters are depicted in the story talking with the protagonists and supporting their
actions. The IoT avatar proposed in this study has some similarities to the characters in
the movie in that the objects are anthropomorphised and communicate with people.
However, it has not been sufficiently investigated whether it is possible to actually
anthropomorphise objects in real space as avatars and have them communicate flexibly
with people as if they were human. In this study, we actually developed a prototype and
investigated it.

Additionally, in terms of the interaction between objects and people, there is a
concept called ‘Robject’ (Rey et al., 2009; Kwak et al., 2017). Robject is an interactive
robot that integrates objects found in everyday life with robots. For example, a lamp-
shaped robject named ‘Lumos’ and a microphone-shaped robject named ‘Whimbo’ have
been developed, and they interact effectively with people (Honjo et al., 2023; Hidaki et
al., 2023). In other words, it has been shown that effective interaction is possible between
people and everyday objects that integrate robots. On the other hand, the IoT avatar
proposed in this study anthropomorphises objects around us as avatars rather than robots,
and communicates with people on-site. Namely, we aim to enable a remote user to feel as
if they become the object itself, and to achieve effective voice communication with the
people on-site, such as information presentation and sharing.

Other related work includes ‘Pechat’, a device that enables stuffed animals to
communicate with people (Mitsukuni et al., 2019; Ichikawa et al., 2019). Pechat is a
button-type speaker device attached to a stuffed animal, which can be operated using a
smartphone and outputs audio as if the stuffed animal were talking. While the main
function of Pechat is as a speaker, the IoT avatar device used in this study is equipped
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with a 360-degree camera, microphone, and speaker. Therefore, remote users can
communicate with people on-site using voice while watching images from the IoT
avatar’s perspective. The details of this system are explained in Section 4.

In addition, research has been conducted on IoT avatars that express the underlying
behaviours and states internal to IoT devices and IoT-enabled objects with computer
graphics (CG) characters using mixed reality (Morris et al., 2020). However, the IoT
avatar we propose presents a novel concept of anthropomorphising objects themselves as
avatars in real space, rather than using CG to express avatars.

4 Design of IoT avatar

4.1 IoT avatar device

To realise the above IoT avatar concept, we developed an IoT avatar device shown in
Figure 2. The device consists of a Raspberry Pi 4 Model B, a mini Bluetooth speaker
(Wireless Ultra Mini Speaker), a 360-degree camera (VR 220 Camera), and a mini USB
microphone. The body of the IoT avatar device is 92 mm in length, 63 mm in width, and
38 mm in height, and was 3D printed with PLA material. The [oT avatar device can be
attached to various objects to make them into [oT avatars. The IoT avatar is controlled by
a remote user in an immersive environment using an HMD (Meta Quest 3).

Figure 2 Components of IoT avatar device (see online version for colours)

Raspberry Pi 4

Wireless Ultra
Mini Speaker

4.2 Configuration of proposed system

Figure 3 shows the system configuration of the IoT avatar proposed in this study. For
real-time remote communication, the system utilises web real-time communication
(WebRTC). WebRTC is a technology that enables streaming of images and audio
between browsers. In this system, we use the WebRTC platform SDK ‘SkyWay’ (NTT
Communications) to facilitate real-time remote communication between an IoT avatar
device and a PC, enabling the transmission and reception of audio and images. To create
an immersive environment with an HMD, the PC outputs the received audio and images
to the HMD connected to it.
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For real-time remote communication between the IoT avatar device and the PC, we
developed web applications using the SkyWay SDK. As shown in Figure 3, both the IoT
avatar device and the PC open the web application in their respective browsers. The web
application programs are stored on a server and are loaded into the browsers via HTTPS
communication. To achieve low latency, the communication between the IoT avatar
device and the PC is implemented using peer-to-peer (P2P) communication. The IoT
avatar device and the PC communicate in real time through a P2P communication room
created by the SkyWay SDK in their respective web applications.

In the actual system operation, the voice and 360-degree images captured by the IoT
avatar device are sent to the PC’s web application via the P2P communication room. The
voice is output through the speakers of an HMD connected to the PC. For the images, the
system uses A-Frame (a WebVR open-source framework) implemented within the PC’s
web application to map the received 360-degree images onto a spherical projection,
allowing immersive viewing through the HMD.

On the PC side, a voice transformer (Roland VT-4) is used to perform VT and
provide altered auditory feedback to the remote user. For the VT, the remote user’s voice
is captured by a wired microphone connected to the voice transformer via the web
application and then transformed. The transformed voice is sent to the loT avatar device
and output through its speakers. Simultaneously, on the PC side, real-time altered
auditory feedback is provided to the remote user through wired speakers connected to the
voice transformer. The audio of the real-time altered auditory feedback to the remote user
is the same as that of VT. Note that the audio of the VT was assumed to be a voice like a
robot character, and the pitch and formant of the voice were raised by the voice
transformer to make it completely different from the remote user’s original voice.

Figure 3 System configuration of proposed IoT avatar (see online version for colours)
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4.3 Configuration of conventionally developed system

Figure 4 shows the system configuration of the conventionally developed IoT avatar for
comparison by evaluation experiments. In this system, as in the proposed system in
Subsection 4.2, the SkyWay SDK is used for real-time remote communication between
an IoT avatar device and a PC. This system uses a Raspberry Pi Camera V2 (angle of
view: 62.2 x 48.8°) as the camera of the [oT avatar device, and the images acquired by
the camera are sent to the PC and viewed on the PC’s monitor. The sound acquired from
the IoT avatar device is sent to the PC and output from the PC’s speakers. On the PC
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side, the remote user’s voice is acquired by the PC’s microphone, sent to the IoT avatar
device, and the remote user’s original voice is output from the IoT avatar device’s
speaker.

As described, in this system, a remote user communicates with on-site users and their
own original voice via the IoT avatar on the PC.

Figure 4 System configuration of previously developed IoT avatar (see online version
for colours)

HTTPS HTTPS
Server

! |
1 1
. ! 1 .
. < Image + Voice E P2P ! Image + Voice
) Web app ! Communication ! y| Webarp
- Voice H Room ! Voice T .
Remote user | PC ' ! loT avatar device
i i
L 1
WebRTC
(Skyway SDK)

5 Evaluation experiment

Evaluation experiments were conducted in which a whiteboard and a door, objects that
are frequently used by many people within university facilities, were selected to be made
into IoT avatars. To evaluate the effectiveness of the proposed system, evaluation
experiments were conducted with ten participants, consisting of two parts: experiments 1
and 2.

e Experiment 1: Participants communicate face-to-face with the IoT avatar, which is
operated by an experimenter.

e  Experiment 2: Participants themselves operate the [oT avatar, communicating with
an experimenter on-site.

5.1 Experiment I

In experiment 1, participants communicated face-to-face with an IoT avatar. As seen in
Figure 5, an experimenter (remote user) in another room communicated with a participant
on-site via the IoT avatar. In the case of the whiteboard, participants were asked to
communicate with the whiteboard while writing freely on the whiteboard. The
experimenter communicated with the participants by pretending to be the whiteboard. For
example, the experimenter spoke “it tickles me when you write on me with a pen”, etc. as
if the experimenter were a whiteboard. In the case of the door, participants were asked to
communicate with the door by knocking on the door and turning the doorknob. In the
same way, the experimenter communicated with the participants while pretending to be
the door by saying, for example, “it hurts when you squeeze my hand (doorknob) too
hard.”
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Figure 5 A participant communicating with the IoT avatar (see online version for colours)

loT avatar device
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Table 1 presents the experimental conditions for experiment 1. The conditions included
VT for the whiteboard, VT for door, no-VT for the whiteboard, and no-VT for door. For
the VT conditions, the system described in Subsection 4.2 was used, while the no-VT
conditions used the system described in Subsection 4.3. The order of VT and no-VT
conditions was randomised for each participant.

Table 1 Conditions for the experiment 1
Voice of IoT avatar Object
VT Whiteboard, door
no-VT ‘Whiteboard, door

For the evaluation in experiment 1, participants completed the questionnaire shown in
Table 2 after each experimental condition. The questionnaire was rated on a seven-point
Likert scale (1: strongly disagree, 2: disagree, 3: slightly disagree, 4: neither, 5: slightly
agree, 6: agree, and 7: strongly agree).

Q1 and Q2 were paired questionnaires to compare whether participants felt they were
communicating with the object itself (Q1) or with a remote user (Q2). Q3 was a
questionnaire asking whether the participants felt humanity toward the object itself, and
Q4 was a questionnaire asking whether the participants wanted to use the system.

Table 2 Questionnaire for the experiment 1

Q1 I felt I was communicating with the object itself, not a remote user.
Q2 IfeltI was communicating with a remote user, not the object itself.
Q3 I felt humanity towards the object itself.

Q4 I want to use this system.

5.2 Results of experiment 1

Figure 6 shows the evaluation results with and without VT (VT, no-VT), and Figure 7
shows the evaluation results for the types of objects (whiteboard, door). Error bars
indicate standard deviations.
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Figure 6 Evaluation results of VT and no-VT in experiment 1 (see online version for colours)
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Figure 7 Evaluation results of the whiteboard and door in experiment 1 (see online version
for colours)
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First, as for Q1, “whether the participants felt they were communicating with the object
itself”, ANOVA was conducted on the factors of the presence of VT (VT, no-VT) and the
type of object (whiteboard, door). The results showed that the factors of the presence of
VT were significant (p = 0.016). As shown in Figure 6, the value of Q1 (VT) was
significantly higher than that of Q1 (no-VT), exceeding a value of 5. On the other hand,
there was no significant difference (p = 0.453) in the factors of the type of object
(whiteboard, door) in Q1 (Figure 7).

Next, as for Q2, “whether the participants felt they were communicating with a
remote user”, ANOVA was conducted on the factors of the presence of VT (VT, no-VT)
and the type of object (whiteboard, door). The results showed that the factors of the
presence of VT were significant (p < 0.001). As shown in Figure 6, the sense of
communicating with a remote user resulted in a significantly higher Q2 (no-VT) than Q2
(VT). This is a reasonable result, since this is the remote user’s original voice (no-VT).
There was also no significant difference (p = 0.573) in the factors of the type of object
(whiteboard, door) in Q2 (Figure 7).
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Additionally, a t-test was used to compare the results between Q1 (VT) and Q2 (VT)
and between Q1 (no-VT) and Q2 (no-VT). Figure 6 shows that there was a significant
difference between Q1 (VT) and Q2 (VT) (p < 0.001) and between Q1 (no-VT) and Q2
(no-VT) (p = 0.028). In short, the results of QI and Q2 above suggest that the VT
condition is more effective in making the user feel the sense of communicating with the
object itself, rather than with a remote user.

As for Q3, “whether the participants felt humanity toward the object itself’, ANOVA
was conducted on the factors of the presence of VT (VT, no-VT) and the type of object
(whiteboard, door). There was no significant difference (p = 1.000) in the factors of the
presence of VT (between VT and no-VT), and the values exceeded 5 in both VT and
no-VT conditions, indicating that the respondents generally felt humanity (Figure 6).
There was also no significant difference (p = 0.508) in the factors of the type of object
(whiteboard, door) in Q3 (Figure 7).

Similarly, As for Q4, “whether the participants wanted to use the system”, ANOVA
was conducted on the factors of the presence of VT (VT, no-VT) and the type of object
(whiteboard, door). It showed no significant difference (p = 1.000) between VT and
no-VT, and positive results were obtained for both VT and no-VT conditions (Figure 6).
There was also no significant difference (p = 0.673) in the factors of the type of object
(whiteboard, door) in Q4 (Figure 7).

The above results show that the proposed system (VT) is effective in making users
feel as if they are communicating with the object itself, and that they also generally feel
its humanity. In other words, these results suggest the effectiveness of the proposed
system (VT) in terms of anthropomorphism.

5.3 Experiment 2

In experiment 2, participants in another room (remote users) operated the IoT avatar and
communicated with an experimenter on-site. In the case of the whiteboard, participants
were asked to pretend to be a whiteboard and communicate with the experimenter. The
experimenter communicated with the whiteboard while writing freely on the whiteboard.
In the case of the door, participants communicated with the experimenter by pretending
to be the door. The experimenter communicated with the door while knocking on the
door and turning the doorknob.

Table 3 presents the experimental conditions for experiment 2. The experimental
conditions included: VT with altered auditory feedback for the whiteboard (VT), VT with
altered auditory feedback for the door (VT), no-VT with no altered auditory feedback for
the whiteboard (no-VT), and no-VT with no altered auditory feedback for the door
(no-VT).

Table 3 Conditions for the experiment 2
IoT avatar system Object
VT+HMD Whiteboard, door
no-VT+PC Whiteboard, door

For the VT conditions, the system was the one described in Subsection 4.2 in which
participants used an HMD [Figure 8(a)], and for the no-VT conditions, the system was
the one described in section 4.3 in which participants used a PC [Figure 8(b)]. The order
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in which the VT and no-VT conditions were performed was randomised for each
participant.

For the evaluation in experiment 2, participants completed the questionnaire shown in
Table 4 after each experimental condition. The questionnaire was rated on a seven-point
Likert scale (1: strongly disagree, 2: disagree, 3: slightly disagree, 4: neither, 5: slightly
agree, 6: agree, 7: strongly agree).

Q1 and Q2 of the questionnaire were paired questions to compare whether the
participants felt that the object itself was communicating with the other person (Q1) or
that they themselves were communicating with the other person (Q2). Q3 was a
questionnaire asking whether participants felt that they were becoming the object, and Q4
was a questionnaire asking whether the participants wanted to use the system.

Figure 8 A participant communicating with an experimenter via the IoT avatar
(see online version for colours)

(a) VT + HMD

Table 4 Questionnaire for the experiment 2

Q1 I felt the object itself was communicating with the other person, not myself.
Q2 Ifelt I was communicating with the other person, not the object itself.
Q3 Ifeltas if I was becoming the object itself.

Q4 I want to use this system.

5.4  Results of experiment 2

Figure 9 shows the evaluation results for the IoT avatar system (VT+HMD, no-VT+PC),
and Figure 10 shows the results for the types of objects (whiteboard, door). Error bars
indicate standard deviations.

First, as for Q1, “whether the participant felt that the object itself was communicating
with the other person”, ANOVA was conducted on the factors of the IoT avatar system
(VT+HMD, no-VT+PC) and the type of object (whiteboard, door). The results showed
that the factors of the IoT avatar system were significant (p < 0.001). As shown in
Figure 9, the value of Q1 (VIT+HMD) was significantly higher than that of QI
(no-VT+PC), approaching a value of 5. Namely, in the proposed system (VT+HMD), it
was shown that the participants felt the sense that the object itself was communicating
with the other person. On the other hand, there was no significant difference (p = 0.914)
in the factors of the type of object (whiteboard, door) in Q1 (Figure 10).

Next, as for Q2, “whether the participant felt that they were communicating with the
other person”, ANOVA was conducted on the factors of the IoT avatar system
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(VT+HMD, no-VT+PC) and the type of object (whiteboard, door). The results showed
the factors of the IoT avatar system were significant (p = 0.005). As shown in Figure 9,
the sense of themselves communicating with the other person resulted in a significantly
higher Q2 (no-VT+PC) than Q2 (VT+HMD). There was also no significant difference
(p =0.743) in the factors of the type of object (whiteboard, door) in Q2 (Figure 10).
Additionally, a t-test was used to compare the results between Q1 (VIT+HMD) and
Q2 (VT+HMD) and between Q1 (no-VT+PC) and Q2 (no-VT+PC). There was no
significant difference (p = 0.150) between Q1 (VT+HMD) and Q2 (VT+HMD). Q2
(VT+HMD) was evaluated as ‘neither’ with a value of less than 4.5. On the other hand,
there was a significant difference (p < 0.001) between Q1 (no-VT+PC) and Q2
(no-VT+PC). The evaluation of Q2 (no-VT+PC) was significantly higher than that of Q1
(no-VT+PC), exceeding a value of 5, indicating that the participants in the no-VT+PC
condition felt the sense that they themselves were communicating with the other person.

Figure 9 Evaluation results of VT+HMD and no-VT+PC in experiment 2 (see online version
for colours)
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Figure 10 Evaluation results of the whiteboard and door in experiment 2 (see online version
for colours)
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As for Q3, “whether participants felt that they were becoming the object”, ANOVA was
conducted on the factors of the IoT avatar system (VT+HMD, no-VT+PC), and the type
of object (whiteboard, door). In the VT+HMD condition, the evaluation was significantly
higher (p < 0.001), with the value exceeding 5. This means that the participants felt a
sense of becoming the object itself. There was also no significant difference (p = 0.648)
in the factors of the type of object (whiteboard, door) in Q3 (Figure 10).

Similarly, As for Q4, “whether the participants wanted to use the system”, ANOVA
was conducted on the factors of the IoT avatar system (VI+HMD, no-VT+PC) and the
type of object (whiteboard, door). The results showed that the VT+HMD condition was
significantly higher (p = 0.040), indicating a positive result in terms of desire to use the
system. There was also no significant difference (p = 1.000) in the factors of the type of
object (whiteboard, door) in Q4 (Figure 10).

The above results show that the proposed system (VT+HMD) allows remote users to
feel a sense that the objects themselves are communicating with the other person.
Furthermore, it is clear that this system is effective in terms of becoming the object itself.

6 Discussion and future work

First, from the results of experiment 1, it can be considered that the concept of
anthropomorphising objects as avatars has been realised by the proposed system.
Specifically, we consider that by transforming the voice of the IoT avatar into a voice as
if it were a robot character speaking, rather than the remote user’s original voice, the
user’s awareness of the remote user was reduced, and the user’s awareness of speaking
with the object itself was increased. Furthermore, we expect that there is potential for
additional improvement in the evaluation of the feeling of communicating with the object
itself (Q1) and the feeling of humanity toward the object itself (Q3). One of these is the
emotional expression of the IoT avatar. In the proposed system, emotions are expressed
only by voice, but other ways of expressing emotions are needed. For example, it is
considered possible to implement an LED lighting function in the IoT avatar and express
emotions by changing the colour of the LED. Therefore, the design and development of
technology for emotional expression can be a future work.

Next, from the results of experiment 2, it was found that the proposed system
generated a feeling that the remote users were becoming the object itself, and that said
object was communicating with the other person. In terms of users becoming avatars and
communicating with others, this system is also expected to have the Proteus effect (Yee
and Bailenson, 2007; Fox et al., 2013), which is an effect in which the appearance of the
avatar influences the user’s psychological state and behaviour. For example, Yee and
Bailenson (2007) found that users who used attractive-looking human avatars became
more intimate in terms of self-disclosure and interpersonal distance than those who used
unattractive-looking avatars. In addition, users with taller avatars reported more confident
behaviour in a negotiation task than users with shorter avatars. Therefore, a future
prospect is to investigate the Proteus effect when using IoT avatars, which could be an
advantage for communication using IoT avatars.
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7 Conclusions

In this study, we developed an IoT avatar that can anthropomorphise various objects in
real space as avatars and communicate with people around them. Specifically, focusing
on the voice of the IoT avatar as one of the anthropomorphic elements, we developed a
system that implements a voice conversion function and an altered auditory feedback
function, and presents immersive images using an HMD. From the evaluation
experiments, it can be said that the proposed system was able to anthropomorphise
objects as avatars and communicate with people on-site. It is also suggested that the
remote users can communicate with the people on-site as if they were becoming the
objects themselves via the proposed system.
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