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Abstract
Embodying a voice quality different from the innate one by utilizing real-time voice conversion has paid attention to enhance
the cognitive abilities and manipulating emotions while social interaction in physical activity. Past research has shown that
embodying voice qualities that evoke specific stereotypes can induce a variety of cognitive effects and emotion. However, such
an approach has been criticized for its active use of stereotypes and thus reinforces stereotypes about certain groups within
society. In contrast, the use of images of well-known characters in stories has the potential to influence thinking and behavior
without reinforcing stereotypes of specific social groups. This paper investigate the impact of voice conversion to a animation
character voice quality on attitude, behavior, and personality. The results show that animation character-based voice conversion
enhanced the planning ability according to the social image of the character.

CCS Concepts
• Human-centered computing → Virtual reality; Mixed / augmented reality;

1. Introduction

Social VR platforms such as VRChat and Cluster provides users
to communicate with others using an embodied avatar that gives
them various nonverbal cues. Users can customize their avatars’
appearance including facial features, body shape, gender and voice
quality to suit various communication contexts and styles. It has
been suggested that the customization of such non-verbal cues pro-
duced by the user affects the quality of communication and the self-
perception gained through communication. For instance, previous
research has demonstrated that Japanese men experience a sense of
liberation from conventional societal norms when using "Bishoujo"
avatars, which offer an escape from traditional gender roles and ex-
pectations [BG22]. One of the phenomena underlying these effects
is the Proteus Effect [YB07]. The Proteus effect is the effect that
the thinking and behavior of a user embodying the virtual avatar
are influenced by the stereotype evoked by the avatar.

Prior research has shown that both appearance of the avatar
and real-time voice conversion to evoke specific stereotypes or
self-images based on voice characteristics can elicit effects simi-
lar to the Proteus effect [AKT∗21, CJC∗18]. Costa et al. showed
that pitch manipulation, which the low pitch of the voice, could
be used to increase power-performance. Arakawa et al. demon-
strated that age bias could be reduced by converting the voice to
one with geriatric-like characteristics [AKT∗21]. It has been sug-
gested that the Proteus effect affects not only temporary thinking

Figure 1: Voice Conversion System: The Voice ownership illusion
induced character-voice embodiment with voice conversion system
via bone-conduction earphone. pitch = Fundamental Frequency,
MCEP = Mel Cepstral Coefficients, Bap = Band-Averaged Aperi-
odicity.

and behavior changes but also has an ongoing effect on the Big-5
personality traits after the experience, particularly when both vi-
sual and auditory feedback are modified with an avatar and voice
conversion [STOI23]. Voice features are known to affect emotions,
and the real-time voice conversion also affects emotions [AJH∗16].
These effects suggest that the real-time voice conversion may have
a stronger influence on self-image than visual feedback.
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In this study, the phenomenon in which a voice with different
characteristics from the converted voice is perceived as if it were
one’s own voice is called the voice ownership illusion (VOI). VOI
induces voice embodiment that embodying a voice quality different
from the innate one by utilizing real-time voice conversion. Fur-
thermore, we refer to the "Parakeet effect" as the effect of perceiv-
ing such a particular voice quality as one’s own while read out sen-
tences, which manifests itself in thinking and behavior. We inves-
tigated whether such a methodology secures a sense of ownership
and agency over a voice that is different from the own voice, as well
as whether one’s thinking and behavior are altered by the percep-
tion of one’s voice as being of a particular voice quality, as in the
Proteus effect.

Latan pointed out that the almost all study of the Proteus effect
exploits stereotypes about certain social groups and may serve to
re-fix stereotypes in society, and strongly criticized that we should
not be unaware of the usage of such stereotypes [Cla20]. In fact,
it was reported that American men were strongly influenced by
gender stereotypes when they experienced Body Ownership Illu-
sion with female avatars [LYB∗19, PGB20]. In contrast, the use of
images of well-known characters in stories has the potential to in-
fluence thinking and behavior without reinforcing stereotypes of
specific social groups. In particular, non-existent characters, such
as those in animated films, may be created to reflect stereotypes
of a particular group, but new characters can be created to avoid
such stereotypes. It is not difficult to choose a well-known char-
acter that has little connection to stereotypes of a particular social
group. Then, this paper investigate the impact of voice conversion
to a animation character voice quality on attitude, behavior, and
personality. RQ1: Does a character-voice embodiment impacts at-
titude, behavior, and personality to align with voice quality on the
animation character in stories with voice ownership illusion? RQ2:
How does the Parakeet effect relate to sense of voice ownership,
sense of speech agency, and self-esteem? The detailed hypotheses
followed below:

1. RQ1-1: Implicit association was change to similar with charac-
ter.

2. RQ1-2: Planning ability was enhanced by character image.
3. RQ1-3: Personality factor of Big-5 was change to similar with

character.
4. RQ2-1: Sense of Voice Ownership and Sense of Speech Agency

related on the Parakeet effect.
5. RQ2-2: Self-esteem related on the planning ability.

2. Related Work

In this study, we investigated how the Parakeet effect influences
attitude, planning ability, and personality in the context of voice
ownership illusion. In this section, the Parakeet effect is addressed
in contrast with the Proteus effect. First, related works of the Pro-
teus effect and the body ownership illusions were surveyed. Then,
works on Parakeet effect and voice ownership illusions were men-
tioned.

2.1. Proteus Effect and Body Ownership Illusions

Body ownership illusions occur when a virtual appearance is per-
ceived as one’s own body, typically stimulated by synchronized

visual and other sensory feedback. A well-known study, the rub-
ber hand illusion (RHI), was the first experiment to demonstrate
body ownership illusion [BC98]. When tactile and visual feedback
were applied, participants perceived a rubber hand as their own.
Building on the RHI, the virtual body ownership illusion is a well-
researched area where a virtual appearance is perceived as one’s
own body when visual and other sensory feedback are synchro-
nized [LTMB07, Ehr07, MS13].

The Proteus effect [YB07] is a well-known phenomenon in
which cognitive ability and emotion are influenced by body owner-
ship illusion accordance to virtual appearance. For instance, child
avatars lead to an overestimation of the object size compared with
adult avatars [BGS13]. Also, racial bias against black individuals
decreased when participants used black avatars, stimulated by vi-
sual feedback [PSAS13]. However, gender bias is enhanced with
female avatars by visuo-motor feedback [LYB∗19,PGB20]. These
studies suggested that the possibility of avoiding the use and re-
fixation of stereotypes for a specific group. By contrast, the use
of images of well-known characters in stories has the potential to
influence thinking and behavior without reinforcing stereotypes of
specific social groups. In particular, non-existent characters, such
as those in animated films, may be created to reflect stereotypes
of a particular group, but new characters can be created to avoid
such stereo- types. For example, Einstein avatar enhanced partici-
pants’ planning ability and reduce implicit age-bias [BKS18], and
superhero avatar enhanced helping behavior [RBB13]. These stud-
ies suggested that well-known characters avatars can influence cog-
nition associations with the image of character in stories without
reinforcing stereotypes of specific social groups, even while main-
taining body ownership illusions.

2.2. Parakeet Effect and Voice Ownership Illusions

Voice ownership illusions induce voice embodiment, where a oth-
ers voice is perceived as one’s own through synchronized auditory
and other sensory feedback. Zeng [ZMMJ11] investigated how a
recorded other voice, when converted and synchronized with mo-
tor feedback, could be perceived as one’s own voice. Also, Ba-
nakou [BS14] explored the perception of a converted voice as one’s
own when combined with synchronized auditory (recorded voice),
visual (lip movements with an avatar), and tactile (vibrated thy-
roid cartilage) feedback. To expand on these studies, researchers
have investigated the perception of a converted voice as one’s
own using real-time voice conversion systems during speaking.
Ohata [OAII22] examined how manipulating the pitch of a voice
decreases sense of voice ownership and sense of speech agency
compared to one’s own voice, using real-time voice conversion
systems. Furthermore, previous studies have suggested that a con-
verted voice as a different gender reduced social presence and body
ownership in social VR [KPL23]. From these studies, it is evident
that voice ownership illusions which a different or converted voice
is perceived as one’s own can induce voice embodiment, influenc-
ing sense of speech agency, sense of voice ownership, and related
aspects.

Previous studies investigated that the voice quality of con-
verted voice impacts on cognition and emotion within the con-
text of voice ownership illusions. Costa et.al indicated that power-
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performance increased when the pitch of the converted voice was
lowered [CJC∗18]. Additionally, manipulating the emotional tone
enhanced emotional response through a low-latency voice conver-
sion system [AJH∗16].

We named the Parakeet effect as the influence of voice embod-
iment on cognition and ability, based on voice quality of personal
information within the context of voice ownership illusions. One
study suggested that using an elderly-voice decrease implicit age-
bias with a real-time voice conversion system [AKT∗21]. Also,
Ogawa et al. [OBN24] explored that users experienced enhanced
teleoperation with a social robot when stimulated a converted voice
to match a customer service robot. These studies provided evidence
that voice ownership illusions impact cognition and emotion based
on voice characteristics. Generally, almost study has been sug-
gested that voice quality of personal information can be categorized
with stereotype which age and gender from voice features. Also,
various voice qualities such as beauty and attractiveness could not
be categorized as stereotypes. Therefore, animation character voice
embodiment can be used to investigate what impacts cognitive abil-
ities association with character image without specific stereotype of
voice quality of personal information.

3. Voice Conversion System)

In this study, we investigate the Parakeet effect, focusing on how
an animated character-voice influences cognitive ability in relation
to the images of character in stories using voice ownership illusion.
An overview of our voice conversion system is shown in Figure 1,
which details the voice conversion system.

3.1. Voice Conversion Algorithm

We implemented a voice conversion system using a low-latency
voice conversion algorithm [ATS19] on a laptop. This algorithm es-
timates voice characteristics such as pitch (fundamental frequency)
and other parameters of the target character. The converted charac-
ter voice is synthesized from the estimated parameters (pitch, Mel
Cepstral Coefficients, Band-Averaged Aperodicity and so on.). De-
tails of the algorithm are described by [ATS19]. Our voice conver-
sion system was implemented by Python 3.11 on MacBook Pro M1
(Memory: 16 GB). Voice data streaming was performed using the
Python library (sound device). To ensure compatibility with various
audio interface, we used the internal microphone on the MacBook
Pro M1 to decrease audion input/output latency. Speech disorders
can occur with a latency of approximately 200 ms [HA84]. There-
fore, we facilitated VOI using wired bone-conduction earphones
based on [AKT∗21, OBN24].

3.2. System Latency

Previous studies have shown that speech disorders often occur, be-
cause of latency in voice feedback [HA84]. Additionally, sense
of body ownership and the sense of agency are effected by visual
feedback with latency [WSH∗16,RL20,IS16]. Therefore, we mea-
sured the voice feedback latency to assess its impact on VOI. To
consider the mixed noise in the converted voice, we measured the
sound wave using an impulse signal generated by clapping hands

Figure 2: Experimental procedure

after speech during voice conversion. The latency of the voice feed-
back was calculated by comparing with the recorded raw and con-
verted sounds by 10 samples. As a result, the latency of the voice
feedback was 152.6 ms (SE = 4.74 ms).

4. Methods

To create the voice conversion model, we must record the voice of
the participants. Consequently, the experiments were divided into
two days, as illustrated in Figure 2. This section describes overview
of the experimental design.

4.1. Character Voice

To address the reinforcement stereotype, we used the voices of
well-known animation characters from the top 20 animations
in Japan (https://www.nrc.co.jp/report/210218.
html). To respect voice actor rights, we obtained approval from
the voice actors to create a voice conversion model for use it in
the experiment. The selected animation character is renowned in
Japan. The animation featured a character who easily solved diffi-
cult problems and assisted a child in a friendly manner. We aimed
to investigate whether the voice ownership illusion could impact
attitudes toward sociable and enhance planning abilities.

4.2. Design and Procedure

The experiment employed a 2×1 within-subject design with pre and
post condition measures. This procedures is illustrated in Figure 2.
On the first day, participants completed questionnaires and tasks,
and their voices were recorded while reading sentences from the
ATR503 (A01-50, B01-45) dataset [KTS∗90] to develop a voice
conversion model. Seven days later (Day 2), participants completed
another questionnaires,tasks and experienced VOI after watching
an animation.

4.3. Participants

We only included participants of the same gender (male) as the ani-
mation character. In addition, we restricted participation to students
from a The University of Tokyo to avoid sampling bias. Individu-
als with hearing impairments or claustrophobia were also excluded.

© 2024 The Authors.
Proceedings published by Eurographics - The European Association for Computer Graphics.

https://www.nrc.co.jp/report/210218.html
https://www.nrc.co.jp/report/210218.html


4 of 10 Yusuke Kunimi et al. / Character-Voice Embodiment

Table 1: Participants classified by Voice similarity and task

Character Others

Shyness-IAT 8 22

ToL Task 5 18

All participants were native Japanese speakers and know an anima-
tion character. To determine the sample size, we calculated the sam-
ple size using G*Power 3.1 [FELB07] [AJH∗16] (t-Test, matched
pairs, two-way; Effect Size = 0.7,α =0.05, Power (1-β) = 0.6). The
13 participants were needed.

As a results, we conducted the experiments with 32 participants
recruited through social networking services and emails. The mean
age of the participants was 31.063(SE= 1.502). We obtained com-
plete data from the number of participants that was shown in Ta-
ble1. The participants received a 5,000 yen Amazon gift card after
completing the experiment.

4.4. Voice Ownership Illusion

The Voice Ownership Illusion (VOI) is an experience in which a
converted voice is perceived as one’s own, facilitated through bone-
conduction earphones using a real-time voice conversion system.
We introduced the voice conversion system to the participants and
provided them with instructions regarding its use. The participants
practiced operating the system and adjusted the volume of the voice
feedback when reading sentences. After the practice session, the
participants read aloud 67 sentences from the speech of the charac-
ter that they had seen in the animation.

4.5. Shyness-Implicit Association Test (IAT)

The Shyness-Implicit Association Test (Shyness-IAT) is a task that
measures implicit attitudes based on response times [GMS98]. The
participants sorted the words from the center of the screen to the
edges based on their attitudes. The IAT score was calculated by
measuring the response times during sorting. The IAT is a well-
known task for investigating the Proteus effect that demonstrates
changes in gender bias [LYB∗19], age bias [BKS18], and racial at-
titudes [PSAS13] following visual feedback. In this study, we used
a sociable character to investigate the changes in shyness and socia-
bility using the Shyness-IAT [ABM02, AF11] after VOI. The IAT
was implemented using the Millisecond Test Library and Inquisit 6
on a MacBook M1 Pro, and the IAT scores were calculated accord-
ingly [GNB03]. Also, Positive IAT score indicated self-attitude as
shyness, and negative IAT score indicated self-attitude as sociable.

4.6. Tower of London Task

The Tower of London (ToL) task is a well-known task of assess-
ing planning ability [SBW82]. Previous studies have investigated
the planning ability in relation to Einstein avatar embodiment ef-
fects [BKS18]. Therefore, we used the ToL task to investigate the
enhancement of the planning ability as part of the Parakeet effect
following VOI. The ToL task involved three balls (red, blue, and
green) and poles of different heights. Participants solved the ToL
task by moving the balls from their initial positions to the target

positions. The initial and target positions were obtained from the
ISO Problems [BB02, KUS11]. The participants were allowed up
to three trials per problem and could reset the ball positions. The
ToL Score is calculated as follows:

ToLScore =
16

∑
i=1

(3−ni).

is the count of resets and failures for each problem. The total ToL
Score is the sum of all 16 problems, with a perfect score of 48
points. Additionally, the D-Score was calculated to measure the
enhancement of planning ability. The D-Score is calculated as fol-
lows:

dScore = ToLScore(Post)−ToLScore(Pre).

The ToL task was implemented using the Millisecond Test Library
and Inquisit 6 on a MacBook M1 Pro.

4.7. Sense of Speech Agency and Sense of Voice Ownership

Sense of Speech Agency (SoSA) and Sense of Voice Ownership
(SoVO) are crucial for the Proteus effect, which is based on the
sense of embodiment [WSH∗16,RL20]. Because VOI is not a well-
established research area, no validated questionnaires currently ex-
ist for measuring the SoSA and SoVO. We developed a question-
naire on SoSA and SoVO, based on [GFP18]. Also, the participants
also evaluated the difficulty of speaking while using the voice con-
version system. Due to imperfections in the voice conversion al-
gorithm, users assessed the voice similarity in the converted voice
quality when using bone-conduction earphones. The questionnaire
is presented in Table 2. A 7-point Likert scale (-3: Strongly Dis-
agree, 3: Strongly Agree) was used for this evaluation.

SoSA refers to the perception that the feedback voice is con-
trolled by one’s own utterance. SoSA was quantified as follows:

SoSA = SoSA1+SoSA2+SoSA3−SoSA4.

SoVO refers to the perception that the feedback voice is one’s own,
specifically a character voice. We observed a similar tendency be-
tween voice similarity and VO2. This suggested that the partici-
pants perceived the voice similarity and SoVO2 similarly, as indi-
cated in Table 2. Therefore, we used SoVO1 to investigate the sense
of voice ownership.

4.8. General Questionnaire

Previous studies have suggested that planning ability is related to
self-esteem. Therefore, we measured self-esteem using the RSES-
J [MG07]. Additionally, we assessed locus of control in relation to
the sense of agency [JAAL18]. Previous study has demonstrated
that voice and body embodiment can alter Big-5 personality fac-
tors to resemble the character [STOI23]. Thus, we investigated the
changes in personality traits to align with the character stimulated
by the converted voice feedback. We measured the Big-5 personal-
ity factors using the TIPI-J [GRS03, OAC12].

© 2024 The Authors.
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Table 2: Questionnaire of sense of speech agency and sense of voice ownership

Questionnaire sentence
SoSA1 Manip Voice “It felt like I could control the character voice as if it was my own voice”

Sense of SoSA2 Self Produced “The utterance of the character voice were caused by my utterance”
Speech Agency SoSA3 Produced Change “I felt as if the utterance of the character voice were influencing my own utterance”

SoSA4 Speaking “I felt as if the character voice was speaking by itself”
Sense of SoVO1 Own Voice “I felt as if the character voice was my voice”

Voice SoVO2 Other Voice “It felt as if the character voice I heard was someone else”
Ownership SoVO3 Two Voices “It seemed as if I might have more than one voice”

Voice Similarity "Did you felt like character voice from headphone?"
Speech Disorder "Did you felt like speech disorder with voice feedback from headphone?"

5. Results

The results are presented in Table 3 and Table 4. We investigated
the significant differences in the task scores between the pre and
post conditions.

This study is an explorative study. In an unpublished pa-
per [Cla20] by Yee et al., a reversal effect in the predicted direction
was observed without user’s knowledge of stereotype of avatars.
Thus, we divided participants with complete data into two groups
based on voice similarity, such as character voice (Character) and
other voices (Others) in order to investigate the relationships be-
tween voice similarity scores (Character: Voice similarity Score
over 5 points, Others: Voice similarity Score under 4 points.). Num-
ber of the participants was shown in Table1.

5.1. Shyness-IAT Change

The results are shown in Figure 3. We conducted two-tailed Paired
t-test, which indicated that shyness-IAT was not significantly more
sociable in the post condition than in the pre-condition (t (29) =
0.964, p =.172, Cohen’s d = 0.166). We divided voice similarity into
character voice (Character) and other voices (Others) for analysis
based on [Cla20]. We conducted a one-tailed Wilcoxon rank sum
test. The results was shown in Figure 4. The results showed that
the difference in Shyness-IAT with voice similarity was marginally
significantly more sociable in the character voice than in the other
voice (p =.078, Cohen’s r = 0.259).

5.2. ToL Change

The results are shown in Figure 5. We conducted two-tailed Paired
t-test, which indicated that ToL Score was significantly higher
in the post-condition than in the pre-condition (t(22) = 2.450, p
=.021, Cohen’s d = 0.450). We also investigated cosine similarity
with voice similarity. This results was shown in Figure 6. Another
one-tailed Student t-test showed that the D-Score with voice sim-
ilarity was significantly higher in the character than in the others
(t(6.4805) = 2.091, p =.039, Cohen’s d = 1.049).

5.3. Big5 Change

The changes in Big-5 personality traits are presented in Table 4
and Table 5. We calculated the cosine similarity that between per-
sonality of character and participants with pre and post condition.

Table 3: Overview of questionnaire results.

Task Mean SE
Voice Similarity -1.067 0.342
Speech Disorder 1.967 0.227

SoSA1 -1.567 0.266
SoSA SoSA2 -0.967 0.316

SoSA3 0.467 0.335
SoSA4 -0.567 0.298
SoVO1 -1.633 0.256

SoVO SoVO2 1.167 0.292
SoVO3 -0.233 0.313

Extraversion 4.117 0.246
Agreeableness 4.700 0.210

Big-5(Pre) Conscientiousness 3.317 0.243
Neuroticism 4.317 0.229

Openness 5.017 0.182
Extraversion 4.267 0.233

Agreeableness 4.617 0.252
Big-5(Post) Conscientiousness 3.367 0.250

Neuroticism 4.467 0.217
Openness 4.867 0.208

Extraversion 6.433 0.177
Agreeableness 5.367 0.192

Big-5(Character) Conscientiousness 3.833 0.254
Neuroticism 2.067 0.162

Openness 6.383 0.157
Self-Esteem 26.967 0.422

Locus of Control 21.333 0.599

We conducted a Wilcoxon rank sum test, which revealed that the
cosine similarity with post-condition was marginally significantly
lower than the cosine similarity with pre-condition (p =.059 Co-
hen’s r = 0.244). In addition, we conducted a two-tailed Wilcoxon
rank sum test, which revealed that the cosine similarity with voice
similarity. We conducted a Paired t-test on the results of charac-
ter, which revealed that the cosine similarity with post-condition
was not significantly higher than the cosine similarity with pre-
condition (t(7) = 0.477, p = .648, Cohen’s d = 0.132). Also, We con-
ducted a Wilcoxon rank sum test on the results of others, which re-
vealed that the cosine similarity with post-condition was marginally

© 2024 The Authors.
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Table 4: Overview of analysis task results. n.s: not significant, †: Marginally Significant, p<0.10, *: Significant, p<0.05

Task Mean SD Normality Homoscedasticity Test P Value Effect Size
Shyness Pre 0.046 0.075 Yes — Paired n.s Cohen’s d

IAT Post -0.019 0.069 t-test = 0.166
dIAT Character -0.018 0.081 No Yes Wilcoxon rank † Cohen’s r

(PostIAT-PreIAT) Others -0.196 0.117 sum test =0.259
Tower of Pre 34.870 1.375 Yes — Paired * Cohen’s d
London Post 37.783 1.326 t-test = 0.450
dScore Character 1.722 1.234 Yes Yes Student * Cohen’s d

(PostToL-PreToL) Others 7.200 2.311 t-test = 1.049
Speech-Agency Lower-Agency 0.300 5.832 Yes Yes Student * Cohen’s d

and dScore Higher-Agency 4.923 4.681 t-test = 0.888
Self-Esteem Lower-Esteem 1.286 1.669 Yes No Welch * Cohen’s d
and dScore Higher-Esteem 5.600 1.002 t-test = 0.828

Table 5: Overview of analysis Big-5 results with cosine similarity. n.s: not significant, †: Marginally Significant, p<0.10, *: Significant,
p<0.05.

Task Mean SD Normality Test P Value Effect Size
All Chara-Pre 0.908 0.011 No Wilcoxon † Cohen’s r

Chara-Post 0.899 0.012 signed-rank test = 0.244
Character Chara-Pre 0.922 0.015 No Paired n.s Cohen’s d

Chara-Post 0.916 0.019 t-test = 0.132
Others Chara-Pre 0.903 0.014 Yes Wilcoxon † Cohen’s r

Chara-Post 0.893 0.014 signed-rank = 0.251

Figure 3: Results of Shyness-IAT change. Error bars represent the
standard errors.

significantly lower than the cosine similarity with pre-condition (p
= .095, Cohen’s r = 0.251).

5.4. Voice Embodiment and ToL

We also investigated the correlations among SoSA, SoVO,
Shyness-IAT, and ToL scores. The results are shown in Table 6.

It shown that spearman correlation indicated that there was asso-
ciation between SoSA and dScore. The relationship between SoSA
and dScore was analyzed by classifying the participants into higher
and lower SoSA groups based on the mean of the results. The
results are shown in Figure 7 and Figure 8. We conducted two-

Figure 4: Results of Shyness-IAT change with voice similarity. Er-
ror bars represent the standard errors.

tailed Student t-test, which indicated that dScore was significantly
higher in the Higher SoSA than in the Lower SoSA (t(21)= 2.111,
p =.0469, Cohen’s d = 0.888).

Table 6: Questionnaire of sense of speech agency and sense of
voice ownership:CC:correlation coefficient.n.s: not significant, *:
Significant, p<0.05

dIAT dScore
CC P value CC P value

SoSA 0.089 n.s 0.342 *
SoVO -0.110 n.s -0.009 n.s

© 2024 The Authors.
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Figure 5: Results of ToL change with trial. Error bars represent the
standard errors.

Figure 6: Results of ToL change with voice similarity. Error bars
represent the standard errors.

5.5. Self-Esteem and ToL

The relationship between self-esteem and ToL scores was analyzed
by classifying the participants into higher and lower self-esteem
groups based on the mean of the results. The results are presented
in Table 4 and Figure 8. We conducted a two-tailed Welch t-test,
which showed that the dScore was significantly higher in the higher
self-esteem group than in the lower self-esteem group (t (20.261) =
2.216, p =.038, Cohen’s d = 0.828).

5.6. Free Description

Free description was provided by the participants after these exper-
iments. We classified it divided into character and others.

Character 1: Due to the own voice feedback being delayed and
not matching utterances, we think it was difficult to read long sen-
tences. I enjoyed that my own voice was transformed like charac-
ter’s voice with my own utterance, and I felt a little like transform-
ing into the character. Therefore, I feel like my articulation changed
for pronunciation with the change in voice quality to represent the
character’s voice.

This description includes positive and negative comments on
character voice embodiment with VOI.

Character 2: It is a difficult task to read sentences and listen to

Figure 7: Results of relationship between sense of speech agency
and ToL change. Error bars represent the standard errors.

Figure 8: Results of relationship between self-esteem and ToL
change. Error bars represent the standard errors.

the converted own voice in real-time. I think that voice actors form
the characteristics of characters with various voice acts. I found
that the converted voice had a similar voice quality and speech
style to the character for the first time.

The voice similarity of the character enhanced voice embodi-
ment and articulation of voice quality with VOI.

Otherwise, others wrote the following:

Others 1: I feel the voice quality is unknown, which seems to
inhibit the articulation of utterance.

Others 2: I feel uncomfortable that my own voice was trans-
formed into an unknown character voice, making it difficult to read
sentences. I cannot read the sentence in the speech style of the char-
acter.

Others 3: A rare noise in the voice was noticeable while using
the voice conversion system.

Theses comments suggested that voice quality and voice simi-
larity impacts on the sense of immersion in VOI.

6. Discussion

We discussed the results in relation to the following hypotheses out-
lined below: RQ1: The results indicated that VOI potentially influ-
enced implicit sociability and enhanced planning ability. RQ2: We

© 2024 The Authors.
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confirmed that SoSA and self-esteem are related to planning abil-
ity. Future studies should consider voice similarity and self-esteem
in the context of the Proteus effect [BKS18].

6.1. Shyness-IAT Change (RQ1-1)

The change in the Shyness-IAT indicated that voice similarity is a
crucial factor in VOI. Given the quality of voice conversion, these
results suggested that voice similarity should be incorporated into
the experimental design of VOI in future studies. The Shyness-IAT
show a marginally significantly change in voice similarity to the
image of character in accordance with character stories with VOI.
From these results, we should considered imbalance in the sam-
ple size in future study. We calculated the sample size for within-
subject design with pre-post conditions to investigate the effect of
VOI. However, we also used a between-subject design based on
voice similarity. Therefore, there was an imbalance results in the
sample size due to owing variations in the perception of voice sim-
ilarity. These reasons suggested that we should improve the similar-
ity of the voice conversion algorithm to achieve a balanced propor-
tion of the sample size in the experimental design. Based on these
aspects, the voice conversion algorithm should be updated to better
investigate the changes in the Shyness-IAT in future study.

6.2. ToL Change

6.2.1. RQ1-2

The change in ToL scores indicated a significant effect on planning
ability based on the difference between Pre and Post condition ToL
score. In addition, the planning ability was significantly effected by
voice similarity. These results suggested that character voice em-
bodiment enhanced planning ability following VOI. This indicated
that VOI might have a similar effect to that of the Einstein avatar in
terms of the Proteus Effect [BKS18].

6.2.2. RQ2-1

There is a positive correlation between SoSA and the planning abil-
ity. This results suggested that higher SoSA has a more significantly
affect planning ability than lower SoSA. SoSA might influence the
Proteus Effect in conjunction with body ownership illusion. This
finding indicated that the first indication that SoSA enhanced the
cognitive ability similarly to body ownership illusion in VOI. It is
recommended that future experimental designs include question-
naires on SoSA and SoVO for VOI. Because a validated question-
naire is not yet available. Therefore, it should develop to explore the
detailed relationship between the parameters(such as voice similar-
ity, voice quality, latency and so on.) of VOI and Parakeet Effect in
future study.

6.2.3. RQ2-2

We investigated the relationship between self-esteem and planning
ability. Previous research suggested that higher self-esteem has a
more significantly affect planning ability than lower self-esteem.
However, our findings showed a different trend [BKS18]: lower
self-esteem had a more pronounced effect on planning ability than
higher self-esteem. Due to the unbalanced sample size related to

voice similarity, we were could not confirm the relationship be-
tween planning ability and self-esteem within the same experimen-
tal design related to the Proteus Effect [BKS18]. Future studies
should explore this discrepancy and investigate the trends observed
in the Proteus Effect.

6.3. Big5 Change (RQ1-3)

Regarding the Big-5 personality traits, the cosine similarity be-
tween the participants and the character did not change signifi-
cantly. Therefore, this study did not support the hypothesis that the
Big-5 traits would change with stimulated converted voice. How-
ever, this study supported the hypothesis in line with the commonly
accepted theory.

6.4. Limitation and Future Work

From these results, we recognize the limitations in assessing cog-
nitive ability due to voice similarity and the latency of voice feed-
back. Whereas voice similarity might enhance the planning ability,
we were could not conduct investigations with a balanced experi-
mental design that considered voice similarity because of the cur-
rent quality of the voice conversion system. Therefore, we should
improve the voice similarity of the converted voice using a voice
conversion system, and investigate the Parakeet Effect based on
balanced experimental design. Additionally, the latency of voice
feedback effects the perception of speech disorders. Latency might
also be related to agency and ownership, as observed in body own-
ership illusions [RL20]. The latency should be reduced by refining
the voice conversion algorithm. To address these issues, we should
improve both voice similarity and latency in the voice conver-
sion system. We identified Stream-VC [YKL∗24], which provides
high-quality voice similarity and low latency for voice conversion.
Stream-VC uses HuBERT [HBT∗21] to generate high-quality con-
verted voices with minimal participant data, similar to few-shot
learning with soft speech units. Future studies should investigate
the effectiveness of VOI using low-latency and high-quality voice
conversion systems.

7. Conclusion

We investigated the Parakeet effect, focusing on how voice embodi-
ment impacts implicit attitude, planning ability, and personality. As
a result, we confirmed that the planning ability was significantly
enhanced by the voice ownership illusion when using a character’s
voice through a real-time voice conversion system. Furthermore,
we also confired that voice similarity was a crucial factor for the
Parakeet effect. Based on these findings, the voice conversion algo-
rithm should be updated to further investigate the Parakeet effect,
considering the quality of voice conversion system.
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