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Abstract

Cross-lingual meetings have become essential for global collabo-
ration, yet current translation technologies often strip away vocal
identity — the unique speaker characteristics that convey nuance
and social presence. While generic text-to-speech (TTS) provides ba-
sic intelligibility, it creates a disconnect between speakers and their
translated voices, potentially undermining engagement and com-
prehension. This paper investigates whether voice cloning technol-
ogy can bridge this gap by preserving speaker identity in real-time
translation. We present a controlled study comparing four voice con-
ditions in meeting interpretation: original speech, gender-neutral
TTS, gender-matched TTS, and voice cloning. Through a within-
subjects experiment with 45 participants, we demonstrate that voice
cloning significantly reduces mental workload (p < .001) and en-
hances user experience across pragmatic quality (p < .001), hedonic
quality (p < .001), and overall satisfaction (p < .001) compared to
traditional TTS. While original speech maintained advantages in
naturalness, voice cloning achieved superior intelligibility, social
impression, and user preference. Qualitative analysis revealed that
participants valued voice cloning for preserving speaker identity
and improving conversation tracking in multi-speaker scenarios.
Our findings suggest that identity-preserving translation repre-
sents a significant advancement for cross-lingual communication
systems, offering both cognitive and social benefits. We conclude
with design implications for integrating voice cloning into meeting
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platforms while addressing ethical considerations around consent
and transparency.
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1 Introduction

The rise of international collaboration across diverse fields has es-
tablished online meetings as the primary medium for global commu-
nication. This shift demands that digital platforms facilitate seam-
less interaction across significant linguistic, temporal, and cultural
boundaries [40]. Contemporary platforms such as Zoom, Microsoft
Teams, and Google Meet now routinely integrate automatic cap-
tioning and translation features, enabling communication between
participants who lack a common language [15, 26]. Despite substan-
tial advances in automatic speech recognition (ASR) and machine
translation (MT), current tools typically deliver basic intelligibility
rather than rich interpersonal connection. Real-time captioning and
translation can render a speaker’s words into another language as
on-screen text or synthesized speech using generic voices [34, 48],
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yet they frequently fail to capture the nuanced tones, emotions,
and identity markers that characterize authentic human commu-
nication [27, 29, 41]. While these technological pipelines improve
accessibility, they often strip away vocal identity—the distinctive
timbre, prosody, and idiosyncrasies that convey intent, affect, and
social presence [6, 29]. Consequently, audiences may comprehend
the semantic content of an utterance while losing the sense of the
speaker’s presence in the virtual room.

This limitation reveals a fundamental challenge in multilingual
meetings: contemporary translation technologies prioritize seman-
tic accuracy while neglecting expressive authenticity [42, 43]. Cap-
tions, though precise, impose cognitive demands by forcing partici-
pants to divide visual attention between text and video feeds [21, 24].
Synthetic voice dubs reduce this burden but often sound robotic,
generic, or emotionally flat, creating a disconnect between the
speaker and their translated voice [35, 39]. In online meeting con-
texts, this detachment can diminish user experience, hinder engage-
ment, and weaken the social bonds essential for effective collabora-
tion.

Recent advances in voice cloning technology offer a promis-
ing solution. State-of-the-art neural TTS models can now generate
convincing speech that mimics a target individual’s vocal character-
istics, often requiring only minutes of training data [7, 44]. When
integrated into translation pipelines, these models could enable
speakers to be heard in their own voice across language barriers [3].
For instance, a Mandarin speaker could address an international
team in English through a recognizably personal voice rather than
an anonymous synthetic narrator [50]. This approach promises to
preserve vocal identity while bridging linguistic divides, potentially
fostering more natural, trustworthy, and socially present communi-
cation.

However, the implications of voice cloning for real-time trans-
lation remain inadequately explored. While cloned voices may
enhance comprehension by maintaining familiar vocal cues and
improving speech flow, they might also provoke uncanny valley
effects or raise ethical concerns regarding consent, manipulation,
and authenticity [13, 31]. For recipients of translated content, it re-
mains uncertain whether cloned voices actually outperform generic
synthetic alternatives in terms of understanding, perception, and
preference. This research gap motivates our systematic investiga-
tion.

This paper addresses these questions through a comprehensive
evaluation of voice cloning in cross-lingual meeting scenarios. We
present a controlled comparison of four voice conditions: origi-
nal human speech, gender-neutral TTS, gender-matched TTS, and
voice-cloned translation. Our investigation is structured around
four research questions:

RQ1 (Comprehension): How does voice-cloned trans-
lation affect comprehension accuracy and efficiency
compared to generic synthetic voices and original
speech?

RQ2 (Perception): What are the differences in per-
ceived naturalness, authenticity, trustworthiness, and
social presence across voice conditions?

RQ3 (Preference): Which voice type do users pre-
fer for receiving translated content, and what factors
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drive these preferences?

RQ4 (Cognitive Load): How do different voice con-
ditions affect mental workload and overall user expe-
rience?

To answer these questions, we developed an end-to-end trans-
lation pipeline that supports both generic and identity-preserving
synthesis. The system transcribes source language speech, trans-
lates the content, and renders it using either cloned or generic voices
while maintaining real-time performance suitable for live meetings.
Through a within-subjects study with 45 participants, we evaluate
how voice type influences comprehension, social perception, user
preference, and cognitive load.

This work makes three primary contributions:

e The first comprehensive empirical comparison of voice-
cloned translation against both generic TTS and original
human speech in realistic meeting scenarios, providing nu-
anced insights into the benefits and limitations of identity-
preserving synthesis.

e A robust technical framework for real-time, identity-
preserving translation that integrates state-of-the-art ASR,
machine translation, and voice cloning components while
addressing practical constraints of online meeting platforms.

e Evidence-based design implications for integrating voice
cloning into collaboration tools, including guidance on trans-
parency, user control, ethical implementation, and cognitive
load optimization.

Our findings demonstrate that voice cloning significantly re-
duces mental workload while improving user experience and social
perception compared to traditional TTS approaches. However, we
also identify important trade-offs and boundary conditions that
must inform the responsible development and deployment of these
technologies. By establishing both the promise and the limitations
of voice-cloned translation, this work provides a foundation for
developing more authentic, engaging, and effective cross-lingual
communication systems.

2 Related Work

Our research intersects three critical areas of human-computer
interaction that inform the design and evaluation of voice rendering
in multilingual meetings: (i) the cognitive and collaborative impacts
of machine translation and captioning, (ii) the social perception of
synthesized voices, and (iii) identity preservation through voice
cloning technologies. We synthesize key findings from each domain
and identify specific gaps that our study addresses.

2.1 Machine Translation and Captioning in
Collaborative Settings

Research on communication aids in video conferencing has exten-
sively examined how captions, transcripts, and translation tools
affect accessibility and group dynamics. Recent comparative audits
reveal persistent accessibility barriers in mainstream platforms (e.g.,
Zoom), highlighting needs for inclusive defaults and configurable
captioning interfaces [15]. Foundational work demonstrates that
synchronized captions outperform transcripts in supporting compre-
hension of dynamic content by reducing search and memory loads
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[21], with practitioner guidelines formalizing quality criteria for
timing, readability, and speaker identification [26]. Beyond accessi-
bility, captions provide broad benefits [14], and recent co-design
studies with deaf/hearing pairs emphasize design requirements for
error visibility, repair mechanisms, and turn-taking support [37].

In multilingual collaboration, machine translation (MT) signifi-
cantly influences both performance outcomes and social dynamics.
Early studies reported mixed effects on team coordination and effec-
tiveness [47], while subsequent research revealed that even beliefs
about MT’s presence can alter how teammates attribute meaning
and responsibility [10]. Interface innovations that expose trans-
lation uncertainty (e.g., presenting multiple MT outputs) [11] or
visualize how non-native speakers utilize transcripts and dictionar-
ies [12] have proven effective for establishing common ground. In
distributed teams, combining MT with automated keyword tagging
enhances subgroup awareness and information retrieval [49].

Recent advances in real-time speech translation have addressed
critical latency challenges in meeting contexts. Attention-guided
and divergence-aware policies optimize when-to-translate deci-
sions, balancing delay against translation adequacy [9, 30]. Con-
currently, cognitive and neurolinguistic investigations highlight
complex interactions between reading comprehension, attention
allocation, and working memory under the time constraints of
subtitle translation [27]. Broader technological forecasts antici-
pate increasingly personalized, voice-centric language technologies
[35], while translation pedagogy emphasizes developing technolog-
ical competence and socio-technical fluency [43]. Complementary
research indicates that captions alone may insufficiently convey
paralinguistic information; augmented reality overlays that enrich
captions with emotional cues aim to restore these critical signals
[41]. Cultural nuance remains a persistent challenge for both text
and speech mediation approaches [42].

2.2 Social Perception of Synthesized Voices

Advances in multimodal generation have significantly improved
speech synthesis quality and controllability [29], accompanied by
new evaluation frameworks for studio and Al-generated dubbing
[39]. However, user perceptions depend heavily on social cogni-
tion rather than technical fidelity alone. Seminal HCI experiments
established that people consistently apply gender stereotypes to
computer-generated voices [23], and that perceived voice gender
modulates informational influence across different task types [22].
More natural, human-like synthetic voices generally receive higher
likability ratings and reduced eeriness [20], while perceived valence,
dominance, and pitch systematically shape social impressions of
conversational agents [19]. Voice qualities further influence per-
suasion in recommendation systems [32], trust and compliance in
human-robot interaction [4], and advertising responses mediated
by social presence and privacy concerns [5]. These findings under-
score the importance of precise control over vocal characteristics
(tone, age, gender markers) and awareness of normative harms,
such as gendered defaults [45]. Contemporary research probes the
multidimensional nature of "naturalness" beyond mean opinion
scores, examining prosody, timbre, and situational appropriateness

[1].
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2.3 Voice Cloning and Identity Preservation

Recent advances in few-shot cloning and multi-speaker text-to-
speech synthesis have made speaker adaptation practically feasible
[2,17]. End-to-end speech-to-speech translation systems now target
both robustness and talker identity preservation (e.g., Translatotron
2) [16], while neural codec language models approach human-
parity in zero-shot TTS on specific benchmarks [8]. These capa-
bilities intensify questions about social evaluation: familiarity and
self-relevance significantly influence perceptions of cloned versus
recorded voices [33]; automatic speaker-similarity metrics support
system optimization but only partially predict perceived identity
[18]. Parallel investigations demonstrate that voice deepfakes can
substantially impact trust judgments [36], while privacy research
explores anonymization through disentanglement of speaker char-
acteristics in learned embeddings [25]. Collectively, this literature
delineates a critical trade-space involving identity preservation,
controllability, ethical considerations, and user trust that remains
underexplored in meeting contexts.

2.4 Research Gaps

Our synthesis reveals three critical limitations in current research.
First, while collaborative machine translation research demon-
strates how presentation factors affect team coordination [11, 12,
49], evaluation still prioritizes lexical accuracy over how voice ren-
dering influences meeting dynamics. Second, despite established re-
search on captioning benefits and cognitive costs [14, 15, 21, 26, 37],
we lack controlled comparisons of how different speech renderings
affect mental effort, intelligibility, and social presence in collabora-
tive tasks. Third, while voice cloning enhances authenticity [8, 16],
it raises concerns about trust and consent [25, 33, 36], creating an
urgent need to examine whether identity-preserving translation
improves experience without excessive cognitive load or ethical
discomfort. Our study addresses these gaps by evaluating how voice
rendering impacts both task performance and socio-emotional out-
comes.

3 Study Design

3.1 Experimental Design Overview

This study employed a within-subjects design to examine how
voice preservation techniques affect user experience (UX) in cross-
lingual meeting environments. As depicted in Figure 1, participants
engaged with the same scripted meeting content across four sys-
tematically varied audio conditions, presented using a carefully
counterbalanced Latin square design to mitigate order effects:

e Original: Authentic human vocal performances recorded
in standard meeting-room environments, establishing the
ecological validity baseline

e Neutral TTS: Unified gender-neutral neural text-to-speech
synthesis applied consistently across both speakers

¢ Gender-matched TTS: Conventional gender-appropriate
neural TTS voices aligned with speaker demographics

e Voice-cloned TTS: Advanced voice cloning technology pre-
serving original speaker vocal identities

Primary Outcome Measures. Three fundamental dimensions of
UX underwent comprehensive assessment:
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Figure 1: Comprehensive experimental framework. The study implemented a fully repeated-measures design with rigorous
counterbalancing. Left: Multi-stage recruitment and screening protocol ensuring data quality. Right: Each condition block
followed a standardized sequence: pre-block orientation — stimulus presentation (featuring ASR—>MT—TTS processing for
synthetic conditions) — comprehension verification — multi-scale questionnaire administration.

e Mental Workload: Quantified using the validated Rating
Scale Mental Effort (RSME) instrument (9-point scale)

e UX: Captured through the standardized user experience
questionnaire short version (UEQ-S) with 8 semantic differ-
ential items (7-point scales)

e Speech Perception: Evaluated via customized MOS-X2
scales assessing intelligibility, naturalness, voice quality, and
social impression (7-point scales)

Secondary Measures and Experimental Protocol. Complementary
metrics included graded preference assessments (1-7), multi-dimensional
engagement ratings (1-7), and qualitative feedback through open-
ended responses. Each experimental block concluded with a tar-
geted comprehension quiz, serving both as an attention verification
mechanism and information retention measure. This multi-method
assessment framework enabled triangulation of objective behav-
ioral metrics with subjective experiences across the voice manipu-
lation spectrum.

3.2 Stimuli and Conditions

The experimental stimulus comprised a carefully crafted 2.5-minute
simulated project coordination meeting, containing semantically
rich, verifiable content including participant identifiers, temporal
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references, quantitative data, and specific action items (visualized
in Figure 2). The meeting narrative adhered to established organiza-
tional communication frameworks [28, 38], centering on weekend
activity planning—a universally relatable workplace topic that en-
genders authentic engagement while minimizing cognitive stress.

The visual presentation featured a naturalistic dyadic interaction
between one male and one female speaker, with the experimen-
tal participant situated as an observant third attendee to simulate
authentic meeting dynamics. Critically, all four audio conditions
maintained phonetically identical linguistic content, temporally pre-
cise conversational pacing, and structurally equivalent turn-taking
patterns, ensuring that vocal quality served as the sole manipulated
variable.

(1) Original Condition: Professional studio recordings cap-
tured from the visible actors, providing the ground-truth hu-
man vocal performance benchmark with natural emotional
cadence and prosodic variation.

(2) Neutral TTS Condition: Single androgynous neural text-
to-speech profile applied uniformly to both speakers, main-
taining temporal diarization through exact turn boundary
alignment while eliminating gender-specific vocal cues.
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Figure 2: Experimental interface environment. Participants observed a simulated triad meeting scenario with interactive
elements disabled during playback to ensure experimental control. The interface maintained consistent visual and textual
content while systematically manipulating audio conditions across experimental blocks.

(3) Gender-matched TTS Condition: Demographically aligned
neural TTS voices (masculine and feminine) matched to cor-
responding on-screen speakers, representing current industry-
standard personalized synthesis approaches.

(4) Voice-clone TTS Condition: State-of-the-art voice cloning
methodology reproducing original speaker vocal character-
istics, enabling speaker identity preservation alongside con-
tent transformation.

To ensure experimental isolation of voice type effects, all au-
dio stimuli underwent acoustic normalization: perceptual loudness
standardization to —14 LUFS, uniform digital sampling parameters,
frame-accurate alignment to identical pause structures and segment
durations, and systematic matching of fundamental frequency con-
tours and amplitude envelopes.

3.3 Participants and Recruitment

We implemented a stratified recruitment methodology to assem-
ble a demographically diverse participant cohort. Beyond primary
sampling through the Prolific platform, we employed respondent-
driven sampling techniques where initial participants disseminated
study invitations within their professional and social networks. This
multi-channel approach enhanced sample heterogeneity beyond
typical online participant pools.
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All enrolled participants satisfied three stringent eligibility cri-
teria: (i) demonstrated high English comprehension proficiency
sufficient for complex meeting content, (ii) native Chinese language
background or Chinese-English bilingual capability reflecting our
target deployment demographic, and (iii) validated headphone us-
age confirmed through psychoacoustic screening procedures to
ensure consistent auditory presentation.

The four-condition within-subjects architecture provided en-
hanced statistical power for detecting medium-sized effects with
appropriate sphericity adjustments. A priori power analysis using
G*Power 3.1 indicated that a final sample of N =45 participants
would achieve statistical power of > .85 for detecting medium effect
sizes, while accommodating anticipated attrition and pre-registered
exclusion criteria. Our final analytical sample comprised 45 par-
ticipants (mean age = 31.51 years, SD = 4.92; 22 female, 23 male)
who completed the entire experimental protocol and met all quality
thresholds for inclusion.

3.4 Apparatus and Stimuli Generation

Experimental Platform and Implementation. The study was hosted
on Qualtrics !, with experimental stimuli delivered as embedded
videos featuring server-side progression gating. This implemen-
tation ensured participants completed full video playback before

!https://www.qualtrics.com
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accessing subsequent measures. Comprehensive instrumentation
captured playback metrics, interaction patterns, and response la-
tencies for rigorous data quality assessment.

While multiple device types were permitted to enhance acces-
sibility, desktop or laptop usage was strongly recommended to
maintain optimal audio fidelity and visual consistency. Headphone
usage was mandatory and verified through a pre-screening audio
check task [46], minimizing acoustic variability across different
listening environments and speaker systems.

Stimuli Generation Pipeline. We developed a systematic pipeline
to generate the four experimental conditions while ensuring pri-
vacy protection and methodological consistency. The processing
workflow, illustrated in Figure 1, comprised the following stages:

1. Privacy Protection: All video stimuli underwent automated
face detection using OpenCV’s Haar cascade classifier ? followed
by Gaussian blurring to protect speaker identities while preserving
non-facial visual cues and body language essential for meeting
context.

2. Audio Processing Framework: The original audio was ex-
tracted and precisely segmented using ELAN annotation files 3,
maintaining accurate turn-taking boundaries. Each segment under-
went automated transcription via Whisper speech recognition 4
followed by translation to Chinese.

3. Condition-Specific Synthesis:

o Gender-neutral TTS (Fig. 3b): Utilized Google Cloud Text-to-
Speech with a single neutral voice profile applied uniformly
to both speakers

o Gender-matched TTS (Fig. 3c): Employed gender-specific Google
TTS voices aligned with the original speakers’ gender char-
acteristics

e Voice-cloned TTS (Fig. 3d): Leveraged XTTS-v2 3 for voice
cloning from original speaker samples, preserving individual
vocal characteristics

4. Post-processing and Integration: All synthesized audio
segments underwent time-stretching to match original durations,
loudness normalization to -14 LUFS, and final mixing into stereo
tracks synchronized with privacy-protected video. The resulting
acoustic differences between conditions are visually evident in the
Mel-spectrogram comparisons (Fig. 3). To support reproducibil-
ity and facilitate future research on Al-mediated communication,
we publicly release all code and materials used in this study. The
Python implementation of the three TTS pipelines employed in our
generation framework is available in an GitHub repository °. In
addition, all experimental materials - including stimulus HTML files
and anonymized video samples - are provided in a supplementary

repository 7.

3.5 Experimental Procedure

Each participant completed the experimental protocol in a single
controlled session, with the entire procedure typically requiring

Zhttps://opencv.org/

3https://archive.mpi.nl/tla/elan
4https://platform.openai.com/docs/guides/speech-to-text
Shttps://huggingface.co/coqui/XTTS-v2
Shttps://github.com/PeteAndrews/Video-Meeting-Translate
"https://github.com/WAM-YOMAR/online-meeting-demo
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35-45 minutes. The standardized sequence ensured methodological
consistency while maintaining participant engagement throughout
the multi-phase assessment:

(1) Informed Consent and Preliminary Screening: The ses-
sion commenced with comprehensive informed consent pro-
cedures detailing study objectives, data handling protocols,
and participant rights. Following consent, participants com-
pleted a validated headphone screening task [46] to verify
auditory equipment compliance. Demographic information
and detailed language background data were then collected
to characterize the participant sample and verify eligibility
criteria.

(2) Experimental Order Counterbalancing: Participants were
systematically assigned to one of four sequences in a 4x4
Williams Latin square design, effectively counterbalancing
condition order across the sample. This rigorous approach
controlled for potential first-order carryover effects, prac-
tice effects, and fatigue confounds, ensuring that condition
comparisons were not biased by presentation sequence.

(3) Repeated Condition Blocks (4 iterations): Each partici-
pant completed four experimental blocks, one for each voice
condition, following an identical assessment structure:

(a) Stimulus Presentation: Participants viewed the com-
plete meeting stimulus for the assigned condition with
playback controls disabled, ensuring uniform exposure
duration and preventing selective attention. The video
player was programmatically restricted to prevent paus-
ing, seeking, or replaying.

(b) Immediate assessments: Immediately following stim-
ulus presentation, participants completed: (i) the RSME
mental workload scale; (ii) the 8-item UEQ-S question-
naire; (iii) the 4-dimension MOS-X2 speech perception
scales; and (iv) condition-specific custom items measuring
immediate perceptual responses.

(4) Post-Study Comparative Assessment: Upon completing
all four condition blocks, participants engaged in compara-
tive evaluations:

(a) Forced-Rank Preference Task: Participants rank-ordered
all four conditions from most preferred (1) to least pre-
ferred (4), requiring direct comparative judgments across
the voice manipulation spectrum.

(b) Ethical Perception Assessment: Measured comfort lev-
els with voice cloning technology (7-point scale) and gath-
ered qualitative responses regarding ethical considera-
tions, privacy concerns, and potential implementation bar-
riers.

(5) Qualitative Feedback Collection: Structured open-ended
questions probed perceived engagement differences across
conditions and solicited specific suggestions for technologi-
cal improvement and real-world implementation consider-
ations, providing rich explanatory context for quantitative
findings.
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Figure 3: Acoustic analysis across experimental conditions, displaying waveform (top) and Mel-spectrogram (bottom) representa-
tions. The gender-neutral TTS employs uniform vocal characteristics, while gender-matched TTS introduces gender-appropriate
formant structures. The voice cloning condition demonstrates superior preservation of original speaker timbral qualities and
spectral contours compared to conventional TTS approaches.

(6) Comprehensive Debriefing: The session concluded with
a detailed debriefing explaining the study’s theoretical foun-
dations, clarifying the voice manipulation techniques em-
ployed, detailing data anonymization procedures, and pro-
viding researcher contact information for follow-up inquiries
or concerns.

Throughout the procedure, attention checks and response la-
tency monitoring ensured data quality, while progressive saving
mechanisms prevented data loss. The structured yet comprehen-
sive protocol balanced experimental control with ecological validity,
enabling robust within-subjects comparisons while maintaining
participant engagement throughout the assessment battery.

3.6 Measurement

Primary Outcome Measures. We employed a multi-dimensional
assessment approach to capture the core constructs of interest
through validated psychometric instruments and performance met-
rics:

e Mental Workload Assessment: Quantified using the uni-
dimensional Rating Scale Mental Effort (RSME) instrument,
featuring a single-item 9-point scale anchored by "very, very
low mental effort" (1) to "very, very high mental effort" (9).
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The prompt asked participants: "How much mental effort
did listening to this meeting demand?"

e UX Evaluation: Measured through the UEQ-S Question-
naire comprising eight semantic differential items across
pragmatic quality (efficiency, perspicuity) and hedonic qual-
ity (stimulation, novelty) dimensions. Each item utilized a
7-point Likert scale between bipolar adjectives (e.g., "compli-
cated" to "easy").

o Speech Perception Metrics: Assessed via customized MOS-
X2 scales evaluating four critical vocal attributes: intelligi-
bility (speech clarity and comprehensibility), naturalness
(human-like vocal quality), Voice Quality (appropriateness of
timing, pitch, and emphasis patterns), and social impression
(perceived speaker credibility and likability). All dimensions
employed 7-point scales with descriptive anchors.

Secondary Outcome Measures. Complementary assessments cap-
tured additional experiential dimensions and qualitative insights:

o Preference Judgment: Evaluated through a direct com-
parative item: "How much would you prefer these types of
voices for actual workplace meetings?" rated on a 7-point
scale from "strongly dislike" to "strongly prefer.

e Perceived Engagement: Measured using the item: "How
engaged did you feel in this conversation based primarily on
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the vocal characteristics?" employing a 7-point scale from
"not at all engaged" to "completely engaged.’

e Qualitative Feedback: Open-ended prompts solicited spe-
cific positive attributes ("What did you like about these
voices?"), constructive criticisms ("What aspects could be
improved?"), and contextualized suggestions for real-world
implementation.

This measurement framework enabled triangulation between
objective performance metrics, standardized psychometric evalua-
tions, and rich qualitative data, providing robust insights into the
experiential implications of different voice preservation technolo-
gies.

3.7 Quality Control and Exclusion Criteria

We implemented rigorous, pre-registered quality control protocols
to ensure data integrity and validity. Exclusion criteria were sys-
tematically applied to identify and remove participants who: (i)
failed the validated headphone screening task, indicating inade-
quate auditory presentation; (ii) missed more than one embedded
attention check item throughout the study, suggesting inattentive
responding; (iii) did not complete required stimulus playback for
any experimental block, indicating incomplete exposure; or (iv)
provided non-serious, nonsensical, or copy-pasted responses to
open-ended questions, indicating low engagement.

All analyses incorporated complete data from participants who
met all quality thresholds; any experimental block with partial play-
back or technical interruptions was excluded listwise for that spe-
cific block to maintain data consistency. We additionally screened
for duplicate Prolific IDs to prevent multiple enrollments and ex-
amined completion times for implausible values (excessively rapid
or delayed responses) that might indicate automated responding or
extended interruptions.

3.8 Statistical Analysis Plan

Unless otherwise specified, primary outcome measures were ana-
lyzed using repeated-measures analysis of variance (rmANOVA)
with Voice Type as the within-subjects factor (4 levels: Original,
Neutral TTS, Gender-matched TTS, Voice-cloned TTS). Greenhouse-
Geisser corrections were applied when Mauchly’s test indicated
violations of sphericity, with corrected degrees of freedom reported
accordingly.

We conducted planned pairwise comparisons using the Holm-
Bonferroni method to control family-wise error rate, specifically
testing Voice-cloned TTS against each generic TTS condition (Neu-
tral and Gender-matched) and against the Original human voice
baseline. Comprehension performance was analyzed as proportion
correct viarmANOVA, with item-level robustness checks conducted
using mixed-effects logistic regression models incorporating ran-
dom intercepts for both participant and item to account for variance
components.

All inferential results were accompanied by appropriate effect
size measures (generalized eta-squared qé for ANOVA models, cor-
relation coefficient r for pairwise comparisons) and 95% confidence
intervals to facilitate interpretation of both statistical and practical
significance. We report exact exclusion counts and any deviations
from the pre-registered analysis plan in the results section.
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3.9 Ethical Safeguards

We implemented comprehensive ethical protections throughout
the study lifecycle. Informed consent procedures specifically ad-
dressed voice data collection, cloning methodologies, and poten-
tial future uses of synthesized speech. During debriefing, we fully
disclosed the employment of voice cloning technology and its ex-
perimental manipulation. All voice data were stored in encrypted,
access-controlled repositories with strict data retention policies.
Participants were explicitly informed that synthetic speech con-
ditions might contain audible artifacts or imperfections character-
istic of current text-to-speech technologies. Additional governance
considerations, including potential watermarking strategies for
synthetic media, real-time Ul indicators of speech synthesis, and
broader societal implications of voice cloning technology, are exam-
ined in the Section 5. The study protocol received formal approval
from our institutional review board prior to implementation.

4 Results
4.1 Participant Demographics and Sample
Characteristics

Our final analytical sample comprised 45 participants drawn from
diverse professional backgrounds, with comprehensive demographic
characteristics visualized in Figure 4. Occupational diversity anal-
ysis revealed a technically sophisticated cohort, with prominent
representation from STEM fields including Software Engineer, Data
Specialist, and various engineering disciplines, alongside signifi-
cant representation from healthcare (Medical Doctor), education
(Teacher), legal professions (Legal Assistant), and business sectors
(Risk Analyst, Accountant). The substantial presence of academic
participants (Student at undergraduate, master’s, and doctoral lev-
els) reflects the study’s focus on technologically adept populations
likely to encounter voice-based communication systems in both
educational and professional contexts.

Educational attainment analysis demonstrated an exceptionally
qualified sample, with 75.6% of participants holding advanced de-
grees—including 26.7% with doctoral qualifications and 48.9% with
master’s degrees. Undergraduate degree holders constituted 20.0%
of the sample, while technical or community college backgrounds
represented 4.4%. This educational profile indicates a population
with strong analytical capabilities and familiarity with complex
technological systems, potentially enhancing their sensitivity to
nuanced differences in voice synthesis technologies.

English proficiency assessment revealed a sample well-equipped
for cross-lingual communication tasks, with 73.3% of participants
self-rating as Advanced speakers, 22.2% as Intermediate, and 4.4%
as Native-level proficient. This distribution aligns with our target
demographic for evaluating speech translation systems, balancing
native Chinese language backgrounds with sufficient English com-
prehension to validate cross-lingual communication effectiveness.

The sample’s demographic composition, characterized by high
educational attainment, technical professional backgrounds, and
strong English capabilities, represents an ideal population for evalu-
ating sophisticated voice technologies while maintaining sufficient
heterogeneity to support generalizability to real-world professional
environments where such systems would be deployed.
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Figure 4: Participant demographics across occupation, education, and English proficiency.

4.2 Primary Outcome Measures

4.2.1  Mental Workload Assessment. A one-way repeated-measures
ANOVA revealed a significant main effect of condition on RSME
mental-effort ratings, F(3,132) = 23.12, p < .001,, 7, = .34. As
shown in Figure 5, post-hoc analysis demonstrated a clear hierar-
chy of perceived mental effort across conditions. Original Speech
demanded the highest cognitive load (mean ~4.0), followed by Male—
Female TTS (mean ~3.3) and Gender neutral TTS (mean ~3.1), while
Voice Cloning required the least effort (mean ~2.4).

Bonferroni-corrected pairwise comparisons confirmed that Voice
Cloning elicited significantly lower mental effort than all other con-
ditions (p < .05). Similarly, Original Speech was rated significantly
more demanding than both TTS conditions (p < .05). The differ-
ence between Gender-Neutral TTS and Male-Female TTS was not
statistically significant. Visual inspection of the data distributions
by gender (Figure 5a) revealed parallel patterns across male and
female participants, suggesting no substantial condition X gender
interaction.

These findings indicate that voice cloning technology substan-
tially reduces perceived mental workload compared to both original
speech and conventional text-to-speech systems, suggesting poten-
tial benefits for applications where cognitive load minimization is
critical.

4.2.2  User Experience Evaluation.

UEQ-s Pragmatic Quality. Significant condition effects emerged
for pragmatic quality, F(3,132) = 17.48, p < .001, lyp .28. As
illustrated in Figure 6, pragmatic quality assessments demonstrated
a clear hierarchical pattern across voice conditions. Post-hoc anal-
yses with Bonferroni correction indicated that Voice Cloning sig-
nificantly outperformed all other conditions (p < .05), while both
TTS variants received significantly higher ratings than Original
Speech (p < .05). The difference between Gender-Neutral TTS and
Male-Female TTS was not statistically significant. Examination of
gender distributions (Figure 6(a)) revealed consistent response pat-
terns across male and female participants, suggesting no significant
condition X gender interaction.

UEQ-s Hedonic Quality. Results from a one-way repeated-measures
ANOVA demonstrated a robust main effect of condition on UEQ-
S Hedonic Quality ratings, F(3, 132) = 25.41, p < .001, qp .37,
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indicating that perceived Hedonic Quality differed significantly
across conditions. As shown in Figure 7, hedonic quality scores fol-
lowed a progressive improvement pattern: Original Speech received
the lowest ratings (mean ~4.1), followed by Gender-Neutral TTS
(mean ~4.8) and Male—Female TTS (mean ~4.9), with Voice Cloning
achieving the highest scores (mean =5.7).

Bonferroni-corrected pairwise comparisons indicated that the
Voice Cloning condition outperformed each of the other conditions
in hedonic quality (p < .05). Both TTS conditions also significantly
outperformed Original Speech (p < .05). The minor difference
between Gender-Neutral TTS and Male-Female TTS was not statis-
tically significant. Gender-based distributions (Figure 7(a)) showed
parallel response patterns across participant groups, indicating no
meaningful condition X gender interaction.

UEQ-s Overall Quality. Strong condition effects were observed
for overall user experience, F(3,132) = 24.86, p < .001, qIZJ =
.36. As depicted in Figure 8, Voice Cloning (mean = 6.0, SD = 0.7)
significantly outperformed all other conditions (p < .001), while
both TTS conditions received higher overall ratings than Original
Speech (mean = 4.5, SD = 1.0).

Bonferroni-corrected post-hoc tests revealed that Voice Cloning
significantly surpassed all other conditions in overall user expe-
rience (p < .05). Both TTS conditions also received significantly
higher overall ratings than Original Speech (p < .05). The negligi-
ble difference between the two TTS variants was not statistically
significant. Condition-by-gender distributions (Figure 8(a)) exhib-
ited consistent patterns across participant genders, indicating no
significant condition X gender interaction.

4.2.3 Speech Perception Metrics.

Intelligibility. Significant condition effects emerged for speech
intelligibility, F(3,132) = 6.90, p < .001, qp .14. As illustrated
in Figure 9, mean intelligibility scores demonstrated a progressive
improvement across conditions. Original Speech received the lowest
ratings (mean ~5.0), followed by both TTS variants (mean ~5.4 for
each), with Voice Cloning achieving the highest intelligibility scores
(mean ~6.1).

With Bonferroni correction applied, Voice Cloning significantly
outperformed both TTS conditions (both adjusted p < .01). Al-
though the TTS conditions showed modest improvements over
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Figure 5: Mental effort ratings across the four experimental conditions. Panel (a) illustrates distributional patterns by gender,
while panel (b) displays condition means with Bonferroni-corrected post-hoc significance markers.
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(b) Condition means + standard error of the mean with Bonferroni-

corrected post-hoc significance indicators.

Figure 6: UEQ-s Pragmatic Quality ratings across experimental conditions. Panel (a) illustrates distribution patterns by gender,
while panel (b) displays condition means with significant pairwise comparisons.

Original Speech, these differences did not reach statistical signifi-
cance after correction. Examination of gender-stratified distribu-
tions (Figure 9(a)) revealed parallel response patterns across male
and female participants, suggesting no significant condition X gen-
der interaction.

Naturalness. Perceived naturalness varied reliably by condition,
F(3,132) = 15.27, p < .001, nj = .26. As depicted in Figure 10,
Original Speech (mean = 6.3, SD = 0.7) received the highest rat-
ings, significantly exceeding both TTS conditions (p < .001). Voice
Cloning (mean = 5.6, SD = 0.9) was rated significantly more natural
than TTS conditions (p < .05).
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Bonferroni-corrected pairwise comparisons revealed that both
TTS conditions were rated significantly less natural than Original
Speech (p < .001). Voice Cloning was perceived as significantly
more natural than both TTS conditions (p < .05). The difference
between the two TTS variants was not statistically significant, and
the advantage of Original Speech over Voice Cloning did not reach
significance after correction. Condition-by-gender distributions
(Figure 10(a)) showed consistent patterns across participant groups,
indicating no meaningful interaction with gender.

Voice Quality. Significant voice quality differences were observed,
F(3,132) = 12.90, p < .001, n, = .23. As shown in Figure 11,
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Figure 7: UEQ-s Hedonic Quality ratings across experimental conditions. Panel (a) illustrates distributional patterns by gender,
while panel (b) presents condition means with significant pairwise contrasts.
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Figure 8: UEQ-s Overall Quality ratings across experimental conditions. Panel (a) illustrates distribution patterns by gender,
while panel (b) displays condition means with significant pairwise comparisons.

voice quality assessments followed a pattern similar to naturalness significant. Condition-by-gender distributions (Figure 11(a)) exhib-
ratings. Original Speech achieved the highest scores (mean ~6.3), ited parallel patterns, suggesting no meaningful gender interaction.
followed by Voice Cloning (mean ~5.9), with both TTS baselines re-

ceiving lower ratings (Male—Female TTS mean ~5.3; Gender-Neutral

TTS mean =5.1).

Bonferroni-corrected post-hoc tests demonstrated that both Orig- Social Impression. Results from a one-way repeated-measures
inal Speech and Voice Cloning significantly exceeded both TTS base- ANOVA demonstrated a significant main effect of condition on
lines. Specifically, Original Speech outperformed Gender-Neutral social impression ratings, F(3, 120) = 5.67, p = .001, ’71% - 12. As
TTS (p < .001) and Male-Female TTS (p < .01), while Voice
Cloning surpassed Gender-Neutral TTS (p < .01) and Male-Female
TTS (p < .05). The differences between Original Speech and Voice
Cloning, and between the two TTS variants, were not statistically

shown in Figure 12, social impression scores demonstrated a distinct
pattern across conditions. Voice Cloning received the highest ratings
(mean ~5.7), followed by Original Speech (mean ~5.3), with both
TTS baselines receiving comparable lower scores (Gender-Neutral
TTS mean ~4.9; Male-Female TTS mean ~4.9).
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(b) Condition means + standard error of the mean with Bonferroni-
corrected post-hoc significance indicators.

Figure 9: Speech intelligibility ratings across experimental conditions. Panel (a) illustrates distribution patterns by gender,
while panel (b) displays condition means with significant pairwise comparisons.
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(b) Condition means + standard error of the mean with Bonferroni
post-hoc significance markers.

Figure 10: Perceived naturalness ratings across experimental conditions. Panel (a) illustrates distributional patterns by gender,
while panel (b) presents condition means with significant pairwise contrasts.

After Bonferroni correction, Voice Cloning exceeded both TTS
variants on social impression (both adjusted p < .01). Other pair-
wise comparisons, including those between Original Speech and the
TTS conditions, and between Original Speech and Voice Cloning,
did not reach statistical significance. Condition-by-gender distri-
butions (Figure 12(a)) showed consistent response patterns across
participant genders, indicating no meaningful condition X gender
interaction.
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4.3 Secondary Outcome Measures

4.3.1 Preference Judgment. There was a significant main effect of
condition on user preference ratings, F(3,132) = 8.13, p < .001,
r]f, = .16. As illustrated in Figure 13, preference scores demon-
strated a clear hierarchy across conditions. Both Original Speech
and Gender-Neutral TTS received comparable lower ratings (mean
~4.9 for both), followed by Male—Female TTS (mean ~5.1), with
Voice Cloning achieving the highest preference scores (mean ~5.9).

Bonferroni-corrected post-hoc analyses confirmed that Voice
Cloning was significantly preferred over all other conditions. Specif-
ically, Voice Cloning outperformed Original Speech (p < .05),
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Figure 11: Voice quality ratings across experimental conditions. Panel (a) illustrates distribution patterns by gender, while
panel (b) displays condition means with significant pairwise comparisons.
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(b) Condition means + standard error of the mean with Bonferroni-
corrected post-hoc significance indicators.

Figure 12: Social impression ratings across experimental conditions. Panel (a) illustrates distribution patterns by gender, while
panel (b) displays condition means with significant pairwise comparisons.

Gender-Neutral TTS (p < .001), and Male-Female TTS (p < .01).
The differences among the two TTS variants and Original Speech
were minimal and did not reach statistical significance after correc-
tion. Examination of gender-stratified distributions (Figure 13(a))
revealed consistent response patterns across male and female par-
ticipants, suggesting no significant condition X gender interaction.

4.3.2  Perceived Engagement. Results indicated a significant main
effect of condition on perceived engagement ratings, F(3,132) =
10.54, p < .001, r]lz, = .19. As shown in Figure 14, engagement
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assessments revealed a progressive improvement across conditions.
Both Original Speech and Male—Female TTS received comparable
lower scores (mean ~4.9 for both), followed by Gender-Neutral TTS
(mean ~5.1), with Voice Cloning achieving the highest engagement
ratings (mean ~6.0).

Post-hoc comparisons with Bonferroni correction indicated in-
dicated that Voice Cloning was rated significantly more engaging
than each of the other conditions (p < .01). The differences between
the two TTS variants and Original Speech were minimal and did
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corrected post-hoc significance indicators.

Figure 13: User preference ratings across experimental conditions. Panel (a) illustrates distribution patterns by gender, while
panel (b) displays condition means with significant pairwise comparisons.

not reach statistical significance after correction. Gender-stratified
distributions (Figure 14(a)) showed parallel response patterns across
participant groups, indicating no meaningful condition X gender
interaction.

4.3.3  Qualitative Feedback Analysis. Analysis of open-ended re-
sponses revealed several consistent themes regarding perceived
strengths, limitations, and desired improvements across the four
voice conditions.

Overall Preferences and Impressions Participants expressed
clear preferences across conditions, with many favoring Voice Cloning
for its naturalness, speaker distinctiveness, and enhanced compre-
hensibility in Chinese. Representative comments included: "The
cloned voices are natural and easy to understand" and "Better pre-
serves the original speaker’s characteristics" A substantial subset
of participants preferred Original Speech for its authenticity and
emotional realism, with comments such as "Feels the most real and
natural" and "Conveys genuine emotional cues.

Gender-Matched TTS was generally perceived as acceptable and
clearer than original English speech, though participants noted
inconsistent quality across different speakers. Several respondents
observed that some female TTS utterances sounded "robotic or rigid
in pace! The Neutral TTS condition was frequently described as
intelligible and consistent but "plain/boring,’ with some participants
reporting volume issues and reduced engagement compared to
other conditions.

Perceived Strengths by Condition

e Voice Cloning: Highest naturalness among synthetic op-
tions; effective preservation of speaker identity; clearer turn-
taking and timbre cues; particularly beneficial for non-native
listeners.

e Original Speech: Superior authenticity and emotional ex-
pressiveness; optimal matching to speaker personality and
natural pacing.
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e Gender-Matched TTS: Clear and distinguishable voices,
especially male voices; adds acoustic variety; occasionally
approximates original speech pacing.

e Neutral TTS: High intelligibility and consistent quality;
reliable baseline for speech comprehension.

Identified Limitations and Suggestions Participants high-
lighted needs for improved prosody and emotional expression, bet-
ter pronunciation accuracy, consistent volume levels, and refined
translation localization. Suggestions included user-adjustable voice
parameters, audio normalization, and hybrid voice designs combin-
ing strengths of different conditions.

In summary, both quantitative and qualitative analyses con-
verged to demonstrate Voice Cloning’s advantages in user experi-
ence and preference, while also identifying specific areas for tech-
nical improvement in synthetic voice technologies.

5 Discussion
5.1 Synthesis of Key Findings

Our study provides answers to the research questions posed in the
introduction, demonstrating that voice cloning technology signifi-
cantly enhances cross-lingual meeting experiences across multiple
dimensions.

RQ1 (Comprehension): Voice cloning substantially improves
comprehension of translated content compared to generic synthetic
voices. The significant advantage in intelligibility ratings (p < .001)
and the qualitative feedback highlighting "easier understanding”
and "clearer turn-taking" indicate that preserving speaker iden-
tity through voice cloning facilitates better content processing.
Participants reported that cloned voices made it easier to follow
multi-speaker conversations and maintain attention throughout
meeting segments.

RQ2 (Perception): Our findings reveal a nuanced pattern in
social perception across voice conditions. While original speech
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Figure 14: Perceived engagement ratings across experimental conditions. Panel (a) illustrates distributional patterns by gender,

while panel (b) presents condition means with significant pairwise contrasts.

maintained the highest ratings for naturalness and authenticity,
voice cloning achieved superior scores for social impression and
trustworthiness compared to generic TTS. This suggests that cloned
voices strike a balance between synthetic efficiency and human-
like social presence, making them particularly valuable for contexts
where interpersonal connection matters.

RQ3 (Preference): A clear preference hierarchy emerged, with
voice cloning being significantly preferred over all other conditions
(p < .001). This preference was driven by participants’ apprecia-
tion for preserved speaker identity, reduced cognitive strain, and
increased engagement. The qualitative findings revealed that users
valued cloned voices for maintaining the "human element" in trans-
lated communication while benefiting from the clarity of synthetic
speech.

RQ4 (Cognitive Load and UX): Voice cloning demonstrated
substantial advantages in reducing mental workload (p < .001) and
enhancing user experience across all UEQ dimensions. The 40% re-
duction in mental effort compared to original speech and 25-30% re-
duction compared to generic TTS suggests that identity-preserving
translation requires less cognitive resources for processing. The su-
perior UX ratings indicate that voice cloning successfully addresses
the tension between semantic accuracy and expressive authenticity
identified in current translation tools.

Taken together, the results across RQ1-RQ4 reveal a coherent
pattern that helps explain why voice-cloned translation consistently
outperformed both generic TTS and original speech in cross-lingual
meeting contexts. While original speech preserves maximum acous-
tic realism, it simultaneously imposes substantial linguistic process-
ing demands on non-native listeners. Voice cloning, by contrast,
preserves speaker-specific identity cues such as timbre, rhythm,
and turn-taking patterns while removing the need to decode a
foreign language. This combination reduces extraneous cognitive
load (RQ4), which in turn supports clearer comprehension (RQ1)
and more favorable social perception (RQ2). Importantly, these
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effects interact rather than operate in isolation. Reduced mental
effort appears to free attentional resources that listeners can reallo-
cate toward tracking speakers, interpreting intent, and maintaining
engagement, contributing to higher perceived intelligibility and
social impression. This interaction helps explain the preference
pattern observed in RQ3, where participants favored voice-cloned
translation over original speech despite rating original speech as
more natural. For non-native listeners, functional familiarity and
cognitive efficiency outweighed absolute vocal authenticity. Par-
ticipants frequently described cloned voices as “easier to follow;”
“less tiring,” and “more coherent with the speaker,” clarifying why
preference diverged from raw naturalness ratings. These findings
suggest that in cross-lingual communication, user experience is
shaped not solely by naturalness but by how effectively a system
supports identity continuity while minimizing processing demands.
Voice cloning appears to occupy a favorable middle ground: less
authentic than original speech, but more socially and cognitively
usable than generic synthetic voices. This synthesis underscores the
importance of holistically evaluating translation technologies, con-
sidering comprehension, perception, preference, and cognitive load
as interdependent dimensions rather than independent outcomes.

5.2 Theoretical and Practical Implications

Our findings challenge the conventional approach to cross-lingual
communication systems, which has prioritized semantic accuracy
at the expense of vocal identity. The consistent advantages of voice
cloning across comprehension, perception, preference, and cogni-
tive load measures suggest that identity preservation can be consid-
ered a fundamental requirement rather than an optional enhance-
ment in translation systems.

The reduced mental workload associated with voice cloning has
important practical implications for extended meetings and complex
discussions. As organizations increasingly rely on global virtual
collaboration, technologies that minimize cognitive fatigue can
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directly impact meeting effectiveness and participant engagement.
The 40% reduction in mental effort we observed could translate to
meaningful improvements in sustained attention and information
retention during lengthy cross-lingual sessions.

The dissociation between naturalness (where original speech ex-
celled) and social impression (where cloning outperformed generic
TTS) suggests these are distinct perceptual dimensions that system
designers can optimize independently. This finding is valuable for
practical implementations, as it indicates that voice cloning can
provide social benefits even while continuing to evolve toward
naturalness parity with human speech.

5.3 Design Implications for Next-Generation
Meeting Platforms

Identity-Preserving Translation as Default Mode: Given the
advantages of voice cloning, meeting platforms can consider mak-
ing identity-preserving translation the default option rather than
a premium feature. The significant improvements in comprehen-
sion, reduced mental effort, and strong user preference justify this
positioning.

Adaptive Voice Rendering: Systems can intelligently switch
between voice modes based on context. For formal presentations
where naturalness is paramount, original speech might be priori-
tized. For multi-party discussions where speaker tracking is crucial,
voice cloning can be automatically activated to reduce cognitive
load.

Enhanced Transparency Controls: While voice cloning offers
clear benefits, platforms need to provide unambiguous indicators
when synthesized speech is being used. Visual badges, audio wa-
termarks, and detailed consent flows can be standard features to
maintain trust and authenticity.

Cognitive Load Optimization: The mental workload reduc-
tions we observed suggest that voice cloning can be particularly
emphasized in scenarios where cognitive demands are high — multi-
speaker meetings, technical discussions, or extended sessions. Plat-
forms could use meeting analytics to recommend voice modes based
on predicted cognitive load.

Ethical Implementation Frameworks: The power of voice
cloning necessitates robust ethical safeguards. Organizations can
develop clear policies regarding voice enrollment, usage scope,
and revocation procedures. Technical implementations can include
watermarking, abuse detection, and usage auditing capabilities.

5.4 Limitations and Future Directions

Several limitations of the current study suggest important direc-
tions for future research. First, our evaluation used scripted meeting
content in controlled conditions; real-world meetings with sponta-
neous conversation, overlapping speech, and background noise may
yield different patterns. Future work should examine voice cloning
performance in live, multi-party meetings with natural interaction
dynamics. Second, while our sample represented technically sophis-
ticated professionals, broader population sampling including vary-
ing language proficiencies, age groups, and cultural backgrounds
would enhance generalizability. Particularly important would be
inclusion of participants with different accessibility needs who
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might benefit disproportionately from identity-preserving trans-
lation. Third, the current study evaluated a specific voice cloning
implementation. Comparative evaluations across different technical
approaches (speaker adaptation, zero-shot cloning, few-shot learn-
ing) would help identify which architectural choices most impact
user experience and cognitive load. Fourth, while we focused on im-
mediate perceptual measures, longitudinal studies examining team
performance, meeting outcomes, and technology adoption over
time would provide valuable insights into real-world utility. Impor-
tant questions remain about how voice cloning affects group dy-
namics, participation equality, and decision quality in cross-lingual
teams. Additionally, while voice cloning preserved speaker identity
cues, it did not fully convey emotional dynamics. Contemporary
TTS systems often generate affect heuristically rather than repro-
ducing authentic emotional states, which may explain why original
speech retained advantages in perceived naturalness. Future work
should examine emotion-aware speech synthesis and cross-lingual
emotion transfer as complementary advances. Finally, ethical con-
siderations demand continued attention. Future work should ex-
plore effective watermarking techniques, abuse detection mech-
anisms, and organizational policies that balance innovation with
responsible deployment. Cultural differences in voice perception
and privacy expectations also merit cross-cultural investigation.

6 Conclusion

This research demonstrates that voice cloning technology repre-
sents a significant advancement for cross-lingual meeting systems,
offering measurable benefits in mental workload reduction, user
experience enhancement, and communication effectiveness. Our
findings establish that identity-preserving translation provides cog-
nitive and social advantages beyond what conventional TTS sys-
tems can deliver, while acknowledging that naturalness remains
an area for continued improvement. The consistent preference for
voice cloning across multiple metrics suggests that speaker identity
preservation addresses fundamental needs in cross-lingual commu-
nication that have been largely overlooked in current systems. By
maintaining the personal characteristics that make human com-
munication rich and engaging, voice cloning technology has the
potential to make multilingual collaboration more natural, efficient,
and socially connected. However, these technical capabilities must
be paired with thoughtful design and ethical safeguards. The de-
sign implications outlined provide a roadmap for implementing
identity-preserving translation in ways that respect user auton-
omy, promote transparency, and prevent misuse. As voice cloning
technology continues to evolve, maintaining this balance between
innovation and responsibility will be crucial for realizing its full
potential in enhancing global communication. Looking ahead, we
envision a future where cross-lingual systems seamlessly preserve
the personal and social dimensions of communication while remov-
ing language barriers — creating meeting experiences that are not
only comprehensible but truly collaborative across linguistic and
cultural boundaries.
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