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Abstract. This study explores how three design factors, voice feedback type,
feedback latency, and decision freedom, shape operators' Sense of Agency
(SoA) and system usability in avatar-mediated communication. Avatar systems
translate human intentions into virtual agents, enabling remote work and
social interaction. Although both SoA (the feeling of controlling one's actions)
and usability influence performance and satisfaction, the combined effects of
voice modality, response timing, and interface choices remain unclear. We
conducted an experiment with 22 participants plus a manual baseline,
systematically varying voice feedback (recorded human voice vs. synthesized
speech), feedback latency (instant vs. a 10-second delay), and decision
freedom (single-option vs. multi-option interfaces). After each of nine trials,

participants completed the Sense of Agency Scale, the System Usability Scale

and five additional Likert items assessing ownership, consistency, smoothness,

and engagement. Analysis of variance showed that human voice significantly
increased positive SoA (F = 8.07, p = 0.0056) and that multi-option interfaces
both boosted positive SoA (F = 6.48, p = 0.0127) and reduced negative SoA (F
= 9.08, p = 0.0034). Feedback latency had no significant impact on any
measure (p > 0.05), and usability ratings remained unchanged across all
conditions. These results suggest that preserving natural voice characteristics
and offering multiple choices enhance operators' sense of agency without
affecting usability.

Resumo. Este estudo explora como trés fatores de design, tipo de feedback de
voz, laténcia do feedback e liberdade de decisdo, moldam o Senso de Agéncia
(SdA) dos operadores e a usabilidade do sistema na comunica¢do mediada por
avatar. Os sistemas de avatar traduzem intengdes humanas em agentes
virtuais, possibilitando trabalho remoto e interacdo social. Embora tanto o
SdA (a sensacdo de controlar as proprias acoes) quanto a usabilidade
influenciem o desempenho e a satisfacdo, os efeitos combinados da
modalidade de voz, temporizacdo de resposta e escolhas de interface
permanecem obscuros. Conduzimos um experimento com 22 participantes
mais uma linha de base manual, variando sistematicamente o feedback de voz
(voz humana gravada vs. fala sintetizada), laténcia do feedback (instantdneo
vs. atraso de 10 segundos) e liberdade de decisdo (interfaces de op¢do unica
vs. miiltiplas opcoes). Apos cada uma das nove tentativas, os participantes
completaram a Escala de Senso de Agéncia, a Escala de Usabilidade do
Sistema e cinco itens Likert adicionais avaliando propriedade, consisténcia,
fluidez e engajamento. A andlise de varidncia mostrou que a voz humana
aumentou significativamente o SdA positivo (F = 8,07, p = 0,0056) e que
interfaces de multiplas opc¢oes tanto elevaram o SdA positivo (F = 6,48, p =
0,0127) quanto reduziram o SdA negativo (F = 9,08, p = 0,0034). A laténcia do
feedback ndo teve impacto significativo em nenhuma medida (p > 0,05), e as
avaliacoes de usabilidade permaneceram inalteradas em todas as condicoes.
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Esses resultados sugerem que preservar as caracteristicas naturais da voz e
oferecer miiltiplas escolhas aprimoram o senso de agéncia dos operadores
sem afetar a usabilidade.

1 Introduction

Cybernetic Avatars (CAs) are remotely controlled virtual agents or physical robots that
represent human operators, allowing individuals to perform work and engage in remote
tasks (Horikawa et al., 2023). By using these CA systems, individuals can work
remotely, participate in distant activities, and interact with locations that may otherwise
be inaccessible. This technology enables people to participate in social activities without
being physically present, effectively transcending the constraints of body, space, and
time (Ishiguro, 2021).

The effectiveness of avatar-based systems, referring to factors such as task
performance, operational efficiency, and user satisfaction, is influenced by the operator's
Sense of Agency (SoA), defined as the subjective experience of controlling one's actions
and their consequences in the environment (Moore, 2016). Research in virtual reality
environments has demonstrated that sense of agency emerges from the integration of
motor intentions, sensory feedback, and temporal contingencies between operator
actions and avatar responses (Hanashima et al., 2023; Makled et al., 2022). When
operators experience high levels of agency, they report greater feelings of embodiment,
presence, and task effectiveness (Froese et al., 2014; Kim et al., 2025). Conversely,
disruptions to agency, such as delays, mismatched feedback, or unresponsive controls,
can significantly diminish performance and user satisfaction (Isono & Yanagisawa,
2023). System usability is another important dimension of avatar-based systems because
it measures how easily operators can learn, control, and complete tasks through their
avatars (Wu et al., 2019).

Other factors are also important for avatar-based systems, such as voice
interaction, which has emerged as a significant modality in communication, given its
role in social interaction and its potential for natural, hands-free control (Chierici &
Habash, 2024). Current avatar systems typically support voice communication through
two primary approaches: natural voice transmission, where the operator's voice is
directly transmitted through the avatar, and synthesized voice generation, where
text-to-speech systems convert operator input into artificial speech (Jayakar et al., 2024;
Nyyssonen et al., 2023). Each approach presents distinct advantages and limitations in
terms of authenticity, flexibility, and technical implementation requirements. However,
the specific effects of voice type on sense of agency and system usability in cybernetic
avatar contexts remain underexplored, particularly regarding how different voice
characteristics interact with other system parameters.

Another aspect influencing the effectiveness of avatar systems is feedback
latency. In this context, feedback latency refers specifically to the delay between when
an operator clicks a button or interface element and when the cybernetic avatar provides
a corresponding reply or response. This temporal gap between user input and avatar



reaction can impact both subjective experience and task performance (Naseer et al.,
2023; Zhi et al., 2022).

Furthermore, decision freedom constitutes an additional factor in cybernetic
avatar interactions, referring to the range of control options available to operators during
task execution. Research in human-computer interaction has demonstrated that the
number of available choices significantly impacts users' sense of agency and perceived
autonomy (Sankaran & Markopoulos, 2021). In the context of this study, decision
freedom is the number of interactive buttons available to users when controlling their
avatar, ranging from single-option (one button) to multi-option (three buttons). This
operationalization aligns with established findings that choice quantity directly
influences agency perceptions, with greater choice alternatives associated with a
stronger sense of agency (Barlas & Obhi, 2013). Furthermore, self-determination theory
suggests that autonomy support through choice provision enhances user motivation and
engagement (Calvo et al., 2020). This variation in available choices may therefore
influence operators' perceived control and autonomy over their avatar's actions,
potentially affecting both sense of agency and system usability.

Despite these insights, the investigation of the interactions among voice type,
feedback latency, and decision freedom remains limited. This gap is particularly notable
given the increasing number of avatar systems in educational, healthcare, and social
contexts where effective avatar interaction is critical (Hu et al., 2024; Lake et al., 2023;
Neumann et al., 2024).

To address these gaps, this study asks the following questions:

- Ql: How does voice feedback type (human vs. synthesized) influence the
operator's sense of agency and usability when controlling cybernetic avatars?

- Q2: What is the effect of feedback latency (instant vs. delayed) on the operator's
sense of agency and usability in cybernetic avatar interactions?

- Q3: How does decision freedom (multi-option vs. single-option) impact both the
sense of agency and system usability in cybernetic avatar operations?

- Q4: What are the interactions among voice feedback type, feedback latency, and
decision freedom in determining sense of agency and system usability
outcomes?

To approach these research questions, the present study utilizes a cybernetic
avatar system in which participants control computer-graphic avatars through mouse
clicks that trigger real-time speech and lip synchronization responses to customer
interlocutors presented via video (Figure 1).



Figure 1. Setup: Left, participants control an avatar. Right, participants select responses
to customer videos.

This paper is structured as follows: section 2 provides a literature review. Section
3 details the methodological approach. Section 4 focuses on the system implementation.
Section 5 explains the experiment. Section 6 presents the results of our investigation.
Section 7 discusses the implications of our findings. Finally, section 8 concludes the

paper.
2 Related Works

2.1 Voice Feedback Modalities in Avatar Systems

Studies reveal that pre-recorded human voices generally enhance naturalness and trust
compared to text-to-speech (TTS) systems, though high-quality synthetic voices can
achieve comparable user satisfaction (Nass & Brave, 2005).

Recent advances in voice conversion technologies try to add human-like rhythm
and emotional expression to synthetic speech, but creating consistently natural-sounding
results remains difficult (Mohammadi & Kain, 2017). The way synthetic voices express
emotion, rhythm, and tone is central to user acceptance. When these voices sound more
human-like, research shows they become less unsettling and more likeable to users
(MacDorman & Ishiguro, 2006). These findings suggest that voice modality selection
directly influences the strength of agency experienced during avatar-mediated
interactions.

In this study, we compare human-recorded versus TTS voice feedback in an
avatar-based system to examine how voice modality affects the operator's sense of
agency and system usability.

2.2 Temporal Factors and System Responsiveness

System latency represents a fundamental challenge in maintaining agency during remote
avatar control, as delays between operator actions and system responses disrupt the



temporal binding mechanisms underlying causal inference. Experimental evidence
demonstrates that even modest delays in the hundreds of milliseconds range can
significantly weaken the perception that outcomes result from one's own actions (Sato &
Yasuda, 2005).

In this paper, we investigate how varying feedback latency levels impact
operator agency and task performance in cybernetic avatar verbal communication
systems.

2.3 Decision Freedom and Choice Complexity

Research demonstrates that providing users with multiple actionable choices
independently enhances engagement and perceived control, though poorly designed
option structures can induce cognitive overload and decision paralysis (Schwartz, 2004).

Studies of choice complexity in digital interfaces reveal that overly restrictive
single-option designs elevate negative agency and user frustration, while well-structured
multi-option interfaces increase positive agency and task satisfaction (Patall et al.,
2008).

In this study, we analyze the degree of decision freedom available to operators
during avatar control tasks, examining how choice freedom influences both positive and
negative sense of agency.

3 Approach

Our goal in this study is to examine how three interaction factors, voice feedback type,
feedback latency, and decision freedom, influence operators' sense of agency and system
usability when controlling cybernetic avatars. Participants interact with a
computer-graphic avatar through a custom interface while manipulating each factor
under controlled conditions.

We design the voice feedback and decision interfaces to be as intuitive as
possible, minimizing cognitive overhead and preserving the operator's natural control
experience. The avatar's speech is synchronized with real-time lip movements to
reinforce the perception that verbal output was an extension of the user's intentions. All
visual elements (video stimuli and response options) are presented in a split-screen
format, with the avatar occupying the left half of the display and the interactive controls
on the right, ensuring that participants can focus on the avatar's behavior without
cluttering the visual field.

In this paper, we examine three types of interaction modalities corresponding to
our independent variables, each hypothesized to affect the ease and authenticity of
avatar control:

- Voice Feedback Type: The authenticity of voice feedback, with two conditions:
Human Voice and Synthesized Voice. In the "Human Voice" condition,
participants pre-record their voices, and those are used as the avatar's voice, with
lip-synchronized animation (Peixoto et al., 2021).In the Synthesized Voice
condition, identical phrases are generated on the fly using the OpenJTalk (Open
JTalk, n.d.) text-to-speech engine (Abdulrahman & Richards, 2022). This



manipulation tests whether voice naturalness enhances the perceived
correspondence between operator intention and avatar action (Kumar et al.,
2014; Lind et al., 2014).

- Feedback Latency: The time difference between user input and utterance (audio)
feedback, with Instant and Delayed conditions. Under instant timing, the avatar
begins speaking immediately upon participant action (button click). Under
delayed timing, audio feedback commences after a fixed lag (in this experiment,
a 10-second delay on the audio playback). Prior work suggests that shorter
action-outcome intervals strengthen the sense of agency (Ruess et al., 2020).
This factor isolates feedback latency's contribution to both agency and usability.

- Decision Freedom: The degree of decision freedom offered by the interface, with
two modes: Single-Option and Multi-Option. In the Single Option mode, the
response button appears, and the participants select the sole choice to drive the
avatar's utterance, reducing decision complexity (Bakaev, 2016). In the
Multi-Option mode, three response buttons are shown simultaneously;
participants choose among them to trigger the avatar's speech, balancing
guidance with autonomy (Assis, 2016).

4 System Implementation

We set up a Windows 11 desktop computer with an Intel Core 19 processor, 64 GB of
RAM, an NVIDIA RTX 4060 GPU, a 24-inch LED monitor (1920 x 1200 resolution)
equipped with a Bluetooth optical mouse and a Sennheiser headset with an integrated
microphone for audio input and output to serve as our experimental platform.

On the software side, we ran MMDAgent (Lee et al., 2013), a conversational
agent system developed by Lee Laboratory at the Nagoya Institute of Technology, on
the left half of the screen. For making the interaction possible, we developed a custom
web application implemented with JavaScript, Python, and CSS that occupied the right
half of the screen.

The web application streams a pre-recorded video of a simulated customer
interaction and renders clickable buttons based on the timestamp of the video and each
participant's assigned interaction mode. We integrated a voice recorder interface into the
web application, allowing participants to record their voices prior to the experiment
based on prompts that show on the screen, ensuring all required speeches are captured.
The application operates locally, utilizing a Flask (Grinberg, 2014) backend system that
connects to MMDAgent through an internal plugin. This plugin is part of the
MMDAgent application and allows the integration of third-party applications into
MMDAgent, enabling real-time character control and dialogue management.

Upon participants pressing a button, the Flask backend relayed the command to
MMDAgent, prompting the avatar to speak either the participant's pre-recorded voice or
synthesized speech generated by its integrated Open JTalk engine. During "Human
Voice" scenarios, we recorded participants' voices in real time to ensure natural
integration into the agent's responses.



We utilized the avatar "Gene", also developed at the Nagoya Institute of
Technology, which features built-in capabilities for real-time lip synchronization,
enabling the mapping of participant speech to the agent's mouth movements. This
coordination of audio playback, speech synthesis, and lip-sync technology created an
immersive and interactive experimental environment.

5 Experiment

5.1 Scenarios

Two primary video scenarios served as experimental stimuli, each designed to represent
common service interactions where users would expect responsive communication.

The first scenario featured a restaurant setting where a customer places an order
at a fast-food establishment. Customer dialogue included typical ordering phrases such
as "I'd like a burger and fries, please" and "What are the drink options available?" The
avatar responded as a fast-food employee would, confirming orders ("Certainly, one
burger. Anything else?") and suggesting additional items ("Would you like to have fries
with that?").

The second scenario involved an information desk interaction at a shopping
mall, where customers sought directions to a food court. The avatar provided clear,
helpful responses typical of mall staff ("The food court is at the end of the corridor, turn
left after the escalators").

We selected both scenarios to provide familiar, naturalistic contexts that would
allow participants to be familiar with the situations.

5.2 Participants

Twenty-two participants (13 female, 9 male) were recruited through a third-party
recruitment agency. Participants ranged in age from 21 to 59 years (Median = 44.5,
Standard Deviation = 13.81). All participants had normal or corrected-to-normal vision
and demonstrated basic computer proficiency.

All participants provided written informed consent prior to participation and
received monetary compensation for their time.

5.3 Experimental Design and Conditions

In this study, we investigate how different levels of human control and interaction
modalities influence the operator's sense of agency and system usability in cybernetic
avatar operation.

The experimental design investigated three independent variables: Voice
Feedback Type, comparing human (operator's own voice) versus synthesized (OpenJTalk
system) options; Feedback Latency, contrasting instant (immediate response) versus
delayed (10-second intentional delay) conditions; and Decision Freedom, examining
multi-option (several response options presented simultaneously via buttons) versus
single-option (only one response button option presented at a time) scenarios.



This combination generated eight distinct interaction modalities, each designed
to elicit different patterns of usability and sense of agency responses. To establish a
performance baseline, we included a Manual Mode condition alongside eight
experimental variations.

Manual Mode served as our baseline condition, where participants directly
responded to video stimuli using their own voice in real-time to interact with the guest
on the video playback. We hypothesized that this mode would produce the highest sense
of agency due to the complete and direct control exercised by the operator.

The remaining eight experimental conditions combined all three factors to cover
all the interaction possibilities. For example, one condition combined synthesized voice
with instant responses and multi-option choices, while another used human voice with
delayed responses and single-option choices. This variation allowed us to isolate the
individual and interactive effects of each factor on our dependent measures.

We arranged the experimental variables in a 2 (Voice Feedback Type: Human vs.
Synthesized) x 2 (Feedback Latency: Instant vs. Delayed) x 2 (Decision Freedom:
Single-Option vs. Multi-Option) factorial design. We employed a Manual condition as a
baseline. In the Manual mode, on-screen response prompts and participants formulated
and spoke replies freely based on text prompts displayed at the bottom of the screen.
Each participant experienced either the Human Voice or Synthesized Voice, and
Response Timing and Decision Freedom were manipulated within subjects. This design
enabled assessment of main effects, two-way interactions, and the three-way interaction
on both Sense of Agency and System Usability.

5.4 Procedures

Upon arrival, each participant provided written informed consent and was conducted to
a silent room equipped with a desk and chair with minimal external interference
equipped with a desktop computer (Windows 11, Intel i9, 64 GB RAM, RTX 4060
GPU), a 24-inch monitor, Bluetooth mouse, and Sennheiser headset with integrated
microphone for voice input. The experimenter described all five interaction modes as
shown in Table 1 and demonstrated the web interface controls alongside the CG-CA
display. The order of these modes would be balanced among participants.

5.5 Voice Recording (Human-Voice Condition Only)

Participants assigned to the Human Voice condition recorded the scripted utterances for
each scenario via the web application's voice recorder before experimental trials. These
recordings were processed to generate lip-synchronized avatar speech matching those
phrases. Participants in the Synthesized Voice condition proceeded directly to trials
using OpenJTalk-generated speech.

5.6 Trials

Each participant then completed five experimental trials in a single session (total
duration < 60 minutes). The assigned voice feedback type remained constant. The five
trial conditions (instant x single-option, delayed x single-option, instant x multi-option,



delayed x multi-option, and manual voice control) were presented in a randomized
order for each participant.

For each trial:

1. A prerecorded customer-avatar video scenario interaction (restaurant or
information desk) began.

2. Depending on mode, participants responded by clicking one or three on-screen
buttons or speaking freely (manual).

3. The avatar produced speech feedback in the assigned voice either immediately
(instant) or after a 10s delay (delayed), with real-time lip synchronization.

4. Participants replied to the questionnaires immediately after each trial.

Average trial duration was approximately 3 minutes.

5.7 Questionnaires

The Sense of Agency Scale (Tapal et al. 2017) and the System Usability Scale (Brooke
1996) questionnaires were used in the experiment right after each trial.

Following each standard questionnaire, participants answered five additional
7-point Likert items (1 = “Not at all” to 7 = “Very much so”):

1. “Did you feel that the avatar’s speech was your own?”

2. “Did you feel that the avatar’s movements were your own?”

3.  “Did you feel that the actions taken by the avatar were consistent with your
intentions?”

4. “Did you feel you were able to interact smoothly with the avatar?”

5. “Did you feel like you had a dialogue with the visitor?”

6 Results

6.1 Data Analysis

In this study, we employed a quantitative research design aimed at systematically
analyzing numerical data. The research procedures involved the use of three distinct
questionnaires to measure the participants' sense of agency and system usability. The
study was structured around controlled experimental conditions, ensuring consistency
and reliability in the data collection process.

With the experimental analysis, we examined the effects of decision freedom
(multi-option vs. single-option), timing (delayed vs. instant speech), and voice feedback
type (human vs. synthesized) on participants' sense of agency as measured by the Sense
of Positive Agency (SoPA) and Sense of Negative Agency (SoNA) scales. A series of
one-way ANOVAs were conducted to assess the main effects of each experimental
manipulation, complemented by post-hoc Tukey HSD tests to identify specific group
differences.



Finally, we performed the statistical analyses using R (R Core Team, 2025). A
3-way Analysis of Variance (ANOVA) was employed to examine the main effects and
interactions of Voice Feedback Type, Feedback Latency, and Decision Freedom on both
sense of agency (AOQ scores) and system usability (SUS scores). Post-hoc tests were
necessary to explore significant main effects. Statistical significance was set to p < 0.05.

6.2 Main Effects on Positive Agency (SoPA)
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Figure 2. Comparison of SoPA scores across different interaction modalities (voice,
timing and choice freedom).

The analysis revealed significant main effects across two of the three experimental
variables on positive sense of agency. For decision freedom, a significant difference
emerged between multi-option and single-option (F = 6.48, p = 0.0127). Multi-option
(M = 28.0, SD = 7.5) demonstrated higher positive agency scores compared to
single-option (M = 23.5, SD = 6.8), as confirmed by Tukey HSD post-hoc analysis (p =
0.0127). This finding supports the hypothesis that providing multiple response choices
enhances operators' feeling of control and autonomy in avatar-based system interactions.

Voice feedback type also significantly influenced positive agency (F = 8.066, p =
0.0056). Human voice (M = 26.5, SD = 6.2) yielded significantly higher SoPA scores

than synthesized voice (M = 25.0, SD = 7.8), with Tukey HSD confirming this
difference (p = 0.0056).

Feedback latency showed a marginally significant effect on positive agency (F =
2.951, p = 0.0894). While the ANOVA approached significance, the Tukey HSD
post-hoc test did not reach conventional significance thresholds (p = 0.0894). Instant
speech (M = 26.5, SD = 8.0) showed numerically higher scores than delayed speech (M
= 24.5, SD = 7.2), suggesting a trend toward enhanced agency with immediate
feedback, though this difference was not statistically robust.



6.3 Main Effects on Negative Agency (SoNA)
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Figure 3. Effects of Voice, Feedback Latency, and Decision Freedom on Negative Sense
of Agency (SoNA).

Decision freedom demonstrated the strongest effect on negative agency (F = 9.078,p =
0.0034). Contrary to the positive agency pattern, single-option (M = 27.0, SD = 6.5)
produced significantly higher negative agency scores than multi-option (M = 23.5, SD =
5.8), confirmed by Tukey HSD analysis (p = 0.0034). This suggests that restricted
decision freedom increases the feeling of diminished agency.

Neither feedback latency (F = 1.141, p = 0.2885) nor voice feedback type (F =
0.145, p = 0.7044) significantly influenced negative agency scores. The delayed speech
(M = 25.8, SD = 6.2) and instant speech (M = 24.5, SD = 6.8) showed similar SONA
scores, as did human voice (M = 25.0, SD = 6.5) and synthesized voice (M = 25.5, SD =
6.0). These non-significant findings indicate that negative agency may be primarily
influenced by decision freedom rather than temporal or voice characteristics in
cybernetic avatar interactions.

6.4 Comparative Analysis Across Interaction Modalities
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Figure 4. Positive and Negative Sense of Agency by Voice Condition.

This section compares the SOPA scores across all nine interaction modes and reveals
significant variation. Manual control condition served as the baseline comparison,
showing moderate positive agency scores (M = 29.5, SD = 6.2). Among the
experimental conditions, human voice with instant response and multiple options
produced the highest positive agency scores (M = 30.0, SD = 4.8), representing optimal
for operator control perception.



On the other hand, synthesized voice with delayed response and single option
yielded the lowest positive agency scores (M = 17.5, SD = 5.2), indicating a
substantially lower sense of agency. The statistical analysis revealed significant
differences between the highest and lowest performing (p < 0.01), with effect sizes
suggesting practical significance beyond statistical significance.

For negative agency, the pattern was inversely related to positive agency
findings. Synthesized voice with delayed response and single option produced the
highest negative agency scores (M = 30.5, SD = 4.8), while human voice with instant
response and multiple options showed the lowest negative agency scores (M = 20.0, SD
= 5.5). This reciprocal relationship between positive and negative agency dimensions
confirms the bifactorial structure of the sense of agency construct as established in
previous validation studies.

6.5 Additional Questions

Overall, participants' responses to the five additional items mirrored the patterns
observed for sense of agency and usability: Voice Feedback Type (Human vs.
Synthesized) and Decision Freedom (Multi-Option vs. Single-Option) exerted robust,
independent influences, whereas Feedback Latency (Instant vs. Delayed) showed no
reliable effects on any question. Table 1 summarizes the main effects for each question.

Table 1. Additional questions results

. . Decision Feedback
Question (0Q) Voice Feedback Type Effect Freedom Effect |Latency Effect

Q1. “Did you feel that the B
avat:ir’s speech was your F(1,80)=24.09, p<.001%%#* F(;’:ggz)_;if > ns (p=.687)
own?” ’
Q2. “Did you feel that the _
avatar’s movements were F(1,80)=12.31, p<.001#**% F(1F;§03621&13’ ns (p=.310)
your own?” o
Q3. “Did you feel that the _
actions of the avatar were ns (p=.185) F(l,_ng);i.Zﬁ ns (p=.575)
consistent with intentions?”’ b=
Q4. “Did you feel able to B
interact smoothly with the ns (p=.161) F(1,80)_3>;<96, ns (p=.190)
avatar?”’ p=:030
Q5. “Did you feel like you B
had a dialogue with the F(1,80)=10.32, p=.0019** F(1,80)—6>;<14, ns (p=.342)
visitors?”’ p="015

*#%p<0.001; **p<0.01; *p<0.05; ns = non-significant.

- Q1. "Did you feel that the avatar's speech was your own?"

Participants reported more substantial ownership of the avatar's speech when
hearing their own natural voice (Human; mean difference=1.53, p<0.001) than a
synthesized voice and when provided multiple response choices (Multi-Option;



mean difference=0.90, p=0.005) rather than a single choice. Feedback latency
(Instant vs. Delayed) did not affect speech ownership.

- Q2. "Did you feel that the avatar's movements were your own?"

Perceived ownership of the avatar's movements was higher under Human Voice
Feedback (mean difference=1.12, p<0.001) and in the Multi-Option condition
(mean difference=1.02, p=0.002). There was no effect of Feedback Latency.

- Q3. "Did you feel that the actions...were consistent with intentions?"

Ratings of consistency between participants' intentions and the avatar's actions
were significantly greater in the Multi-Option condition than the Single-Option
condition (mean difference=0.82, p=0.004). Neither Voice Feedback Type nor
Feedback Latency influenced perceived consistency.

- Q4. "Did you feel able to interact smoothly with the avatar?"

Participants rated interaction smoothness marginally higher when given
Multi-Option choices compared to Single-Option (mean difference=0.61,
p=0.05). Voice Feedback Type and Feedback Latency had no significant impact.

- Q5. "Did you feel like you had a dialogue with the visitors?"

Participants felt more engaged in a dialogue when hearing their Human Voice
(mean difference=1.08, p=0.0019) versus a synthesized voice and when provided
Multi-Option choices (mean difference=0.84, p=0.015), whereas Feedback
Latency again showed no effect.

6.6 Usability

For usability, a three-way ANOVA revealed no significant effects of Voice Feedback
Type, Feedback Latency, or Decision Freedom, nor any interactions among these
factors. Specifically, Voice Feedback Type did not influence usability, F(1, 80) = 1.16, p
= 0.28; Feedback Latency gave F(1, 80) = 0.38, p = 0.54; and Decision Freedom
produced F(1, 80) = 0.28, p = 0.60. None of the two-way interactions (Voice x Latency:
F =0.12, p = 0.73; Voice x Decision Freedom: F = 0.37, p = 0.54; Latency x Decision
Freedom: F = 0.25, p = 0.62) nor the three-way interaction (F = 0.19, p = 0.67) reached
significance. Post-hoc Tukey comparisons confirmed that usability ratings did not differ
between any levels of voice modality, latency condition, or number of response options.

7 Discussion

In this paper, we examined how three interaction factors, decision freedom (multi-option
vs. single-option), voice feedback type (human vs. synthesized), and response timing
(instant vs. delayed speech) affect operators' sense of agency, both positive (SoPA) and
negative (SoNA), when controlling cybernetic avatars. Overall, the results confirm our
hypotheses: voice feedback type and decision freedom highly influence positive agency,
while response timing shows only a trend. Negative agency proved significant primarily
in terms of decision freedom.



7.1 Q1: How does voice feedback type (human vs. synthesized) influence the
operator's sense of agency and usability when controlling cybernetic avatars?

To answer Q1 regarding how voice feedback type influences operator's sense of agency
and usability, our results demonstrate that human voice significantly enhances positive
sense of agency compared to synthesized voice (F = 8.07, p = 0.0056).

Participants who heard their voice through the avatar reported higher SoPA
scores (M = 26.5, SD = 6.2) than those using synthesized voice (M = 25.0, SD = 7.8),
indicating a stronger perceived connection between intention and outcome. Voice
feedback type showed no significant effect on SONA scores (F = 0.145, p = 0.7044).
This suggests that human voice improves positive experiences without increasing
negative feelings when avatar responses fail to meet user intentions.

Regarding usability, voice feedback type showed no significant impact on
System Usability Scale scores (F = 1.16, p = 0.28), indicating that both human and
synthesized voices provide equivalent usability experiences despite differences in
agency perception.

7.2 Q2: What is the effect of feedback latency (instant vs. delayed) on the
operator's sense of agency and usability in cybernetic avatar interactions?

Addressing Q2 about the effect of feedback latency on operator's sense of agency and
usability, our results show that feedback latency had a marginally significant effect on
positive agency (F = 2.951, p = 0.0894), though this did not reach conventional
significance thresholds. Instant speech showed numerically higher SoPA scores (M =
26.5, SD = 8.0) compared to delayed speech (M = 24.5, SD = 7.2) For negative agency,
feedback latency showed no significant effect (F = 1.141, p = 0.2885), suggesting that
the 10-second delay tested in this study did not substantially increase feelings of
diminished control. This indicates that minor delays may only modestly disrupt causal
binding in avatar control, or that individual tolerance for latency varies widely.

Similar to voice feedback type, feedback latency had no significant impact on
system usability (F = 0.38, p = 0.54), suggesting that moderate delays do not
substantially affect the perceived ease of system operation.

7.3 Q3: How does decision freedom (multi-option vs. single-option) impact both
the sense of agency and system usability in cybernetic avatar operations?

For Q3 concerning how decision freedom impacts both sense of agency and system
usability, our findings reveal the strongest effects among all tested factors. Decision
freedom significantly influenced both positive agency (F = 6.48, p = 0.0127) and
negative agency (F = 9.08, p = 0.0034). Multi-option interfaces produced significantly
higher positive agency scores (M = 28.0, SD = 7.5) compared to single-option interfaces
(M =23.5,SD = 6.8).

Single-option interfaces produced significantly higher negative agency scores (M
= 27.0, SD = 6.5) than multi-option interfaces (M = 23.5, SD = 5.8). This finding
establishes decision freedom as the most influential design factor: multiple choices



enhance user motivation and engagement, while limited choices weaken feelings of
control and comfort. Despite these strong agency effects, decision freedom showed no
significant impact on system usability (F = 0.28, p = 0.60).

7.4 Q4: What are the interactions among voice feedback type, feedback latency,
and decision freedom in determining sense of agency and system usability
outcomes?

Finally, Q4 asked about the interactions among voice feedback type, feedback latency,
and decision freedom in determining sense of agency and system usability outcomes.
Our analysis revealed no significant two-way or three-way interactions among these
factors for either sense of agency or usability measures (all p > 0.05).

However, the comparative analysis across all nine interaction modalities revealed
important combined effects. The optimal combination (human voice with instant
feedback and multi-option choices) produced the highest positive agency scores (M =
37.0, SD = 4.8), while the least favorable combination (synthesized voice with delayed
feedback and single-option choices) yielded the lowest positive agency scores (M =
17.5,SD =5.2; p<0.01).

These findings suggest that while the factors operate independently rather than
through statistical interactions, their combined effects can compound to produce
exceptionally high or low agency experiences, demonstrating the importance of
considering all factors simultaneously in avatar system design.

7.5 Additional Questions Findings

Beyond the core research questions, our analysis of five supplementary Likert-scale
items revealed several important insights into specific dimensions of user experience.

7.5.1 "Did you feel that the avatar's speech was your own?"

This dimension showed the strongest effects, with human voice producing significantly
higher ownership feelings than synthesized voice (F(1,80) = 24.09, p < 0.001).
Multi-option interfaces also enhanced speech ownership compared to single-option
(F(1,80) = 8.25, p = 0.005). The large effect size for voice type (mean difference = 1.53)
indicates this is a practically significant finding for avatar design.

7.5.2 "Did you feel that the avatar's movements were your own?"

Both human voice feedback (F(1,80) = 12.31, p < 0.001) and multi-option decision
freedom (F(1,80) = 10.13, p = 0.002) significantly enhanced perceived ownership of
avatar movements. The mean differences (1.12 for voice, 1.02 for decision freedom)
suggest moderate to large practical effects.

7.5.3 "Did you feel that the actions taken by the avatar were consistent with your
intentions?"'

Only decision freedom affected this dimension (F(1,80) = 8.76, p = 0.004), with
multi-option interfaces producing higher consistency ratings (mean difference = 0.82).



Voice feedback type had no effect, suggesting that choice availability is more critical for
intention-action alignment than voice naturalness.

7.5.4 '"'Did you feel able to interact smoothly with the avatar?"

Multi-option interfaces marginally improved perceived interaction smoothness (F(1,80)
= 3.96, p = 0.050, mean difference = 0.61). This finding, while at the threshold of
significance, suggests that having choices may reduce friction in avatar interactions.

7.5.5 ""Did you feel like you had a dialogue with the visitors?"

Both human voice (F(1,80) = 10.32, p = 0.0019, mean difference = 1.08) and
multi-option interfaces (F(1,80) = 6.14, p = 0.015, mean difference = 0.84) enhanced the
sense of engaging in genuine dialogue.

7.6 Comparative Analysis and Effect Magnitudes

The analysis revealed the complete absence of usability effects across all experimental
manipulations. None of the three main factors (voice feedback type, feedback latency, or
decision freedom) significantly influenced System Usability Scale scores. Additionally,
no interactions reached significance between these factors. All two-way interactions
failed to reach significance: Voice x Latency (F = 0.12, p = 0.73), Voice x Decision
Freedom (F = 0.37, p = 0.54), and Latency x Decision Freedom (F = 0.25, p = 0.62).
Similarly, the three-way interaction showed no significant effect (F = 0.19, p = 0.67).

7.7 Usability Findings and Implications

The comparative analysis across all nine interaction modalities revealed substantial
variation in user experience. The range between conditions was substantial: the
highest-performing combination (human voice, instant feedback, multi-option: M =
30.0, SD = 4.8) and the lowest-performing combination (synthesized voice, delayed
feedback, single-option: M = 17.5, SD = 5.2) differed by 19.5 points on the positive
agency scale. This large effect size indicates practical significance beyond statistical
significance.

The manual control baseline (M = 29.5, SD = 6.2) fell in the middle range,
suggesting that well-designed automated avatar systems can approach or even exceed
the agency experience of direct manual control. This finding challenges assumptions
that automated systems necessarily reduce user agency.

8 Discussion

In this paper, we examined how three interaction factors, decision freedom (multi-option
vs. single-option), voice feedback type (human vs. synthesized), and response timing
(instant vs. delayed speech) affect operators' sense of agency, both positive (SoPA) and
negative (SoNA), when controlling cybernetic avatars. Overall, the results confirm our
hypotheses: voice feedback type and decision freedom highly influence positive agency,
while response timing shows only a trend. Negative agency proved significant primarily
in terms of decision freedom.

Offering multiple response options significantly increased SoPA (F = 6.48, p =
0.0127) and attenuated SoNA (F = 9.08, p = 0.0034). Participants reported feeling more



in control when they could choose among several actions and experienced diminished
SoA when options were limited. This dual effect highlights decision freedom as the
most potent design lever: it fosters intrinsic motivation and engagement, while limited
choice undermines both subjective control and comfort (Deci & Ryan, 2000).

As predicted, hearing one's own natural voice through the avatar resulted in a
higher SoPA (F = 8.07, p = 0.0056) than a synthesized voice, supporting the notion that
human vocal characteristics strengthen the mapping between intention and outcome
(Moore, 2016). The absence of any effect on SONA suggests that while natural voice
boosts users' felt efficacy, voice alone does not exacerbate experiences of disconnection
when outcomes misalign. In practical terms, embedding operator vocal signatures into
avatar feedback can improve user engagement without introducing new burdens or
frustrations.

Although instant mode had a higher SoPA than delayed feedback (F=2.95,p =
0.0894), the effect did not reach statistical significance. This suggests that minor delays
(on the order tested) may only modestly disrupt causal binding in avatar control, or that
individual tolerance for latency varies widely. This trend also indicates that individual
differences in delay tolerance may play a role, suggesting that future work should
investigate how personal factors moderate the relationship between response timing and
perceived sense of agency. The lack of timing effects on SONA further indicates that
delayed responses do not necessarily engender intense negative experiences, at least
within moderate delay ranges.

Comparing all nine modality combinations underscored the predominance of
combined design choices. Human-voice, instant-feedback, multi-option conditions
produced the highest SOPA (M = 37.0), whereas synthesized-voice, delayed-feedback,
single-option yielded the lowest (M = 17.5; p < 0.01). Negative agency mirrored this
pattern inversely. These extremes illustrate that voice naturalness and choice freedom
can compound to produce exceptionally high or low agency experiences.

9 Conclusion

This paper examined how decision freedom, voice difference, and response timing
influence operators' sense of agency when controlling cybernetic avatars. The findings
demonstrate that providing multiple response options and preserving the operator's
natural voice enhance positive agency, while constraining decision freedom induces
negative feelings of diminished SoA. Although instantaneous feedback showed only a
small effect for positive agency and no effect on negative agency, its trend suggests that
utterance timing remains a relevant design consideration. Critically, the combination
configuration of these modalities revealed that pairing human voice with instant,
multi-option interaction yields the highest sense of agency, whereas synthesized voice
combined with delayed, single-option interaction produces the lowest. These results
offer insights for design choice and the development of new cybernetic avatar interfaces.

Future research should explore broader latency ranges, individual differences in
temporal sensitivity, and the long-term stability of agency effects as users adapt to avatar
systems. Investigating how personality traits, prior experience, and cognitive capacity
moderate these interactions will further refine design recommendations. Overall, this



work advances theoretical understanding of agency in avatar interaction and provides
actionable insights for creating more immersive, responsive avatar-based systems.
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