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Abstract

With the advent of neural networks, it has become possible to gen-
erate synthetic voices that are nearly indistinguishable from real
human speech (i.e., human-sounding voice). In contrast, earlier
voice assistants used voices that were instantly recognizable as
machine-generated, owing to their standardized, consistent, and
highly intelligible qualities (i.e., artificial-sounding voice). Although
people tend to prefer human-like voices, adopting human-sounding
voices in voice assistants raises ethical concerns related to confusion
or unintentional deception, particularly in voice-only contexts, even
when their identity as systems is explicitly disclosed. To explore
the voice design direction for future voice assistants, we exam-
ined how participants perceived and interacted when they were
unexpectedly confronted with either an artificial-sounding or a
human-sounding voice, both of which clearly identified themselves
as voice assistants during an everyday phone call. Our findings
reveal participants’ experiences and conversational behaviors in
each voice condition. Furthermore, we discuss how the voices of
voice assistants should be designed and propose design implications
that emphasize transparency and responsiveness in voice design.
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1 INTRODUCTION

Early models of voice assistants, like Apple’s Siri, Amazon’s Alexa,
and Google Assistant, typically used highly intelligible, standard-
ized, broadcast-like female voices with neutral accents and no dis-
fluencies [10, 19]. These voices exhibited consistent, excessive clar-
ity and hyper-articulation, making them distinctly different from
human voices. Due to these characteristics, they are immediately
recognizable as machine-generated and we refer to such synthetic
voices as artificial-sounding voices. In recent years, voice synthesis
technology has advanced through the incorporation of neural net-
works. This allows for the production of speech surpassing mere
human-like qualities, capturing unique vocal inflections that were
absent in traditional artificial-sounding voices. For example, speech
synthesis models feature voice characteristics such as filled pauses
(e.g., hmm, huh)—as seen in Google Duplex, a Google Assistant
booking system [34, 50]—as well as accents reflecting personality,
regional dialects, or non-native pronunciations [40, 68]. Building on
this trajectory, as of 2024, ChatGPT’s voice mode [48] and Google’s
NotebookLM voice overview [67] produce voices that sound strik-
ingly human. However, paralinguistic cues (e.g., nuanced intona-
tion, subtle turn-taking coordination, variations in speech rate, and
context-sensitive pause patterns) that responsively adapt to users
and context are not yet fully available due to occasional delays
and mismatches in real-time turn-taking. Nevertheless, these ca-
pabilities continue to advance rapidly. We refer to voices that are
almost indistinguishable from human speech, not only in acoustic
quality but also in interactional responsiveness, as human-sounding
voices. Conversations with such human-sounding voice assistants
are expected to become feasible in the not-so-distant future.
Previous studies have shown that users, when interacting with
human voices in a system, tend to feel more comfortable [46], find
them more likable [4, 9, 32, 53, 54], and develop greater trust [72].
However, little is known about the specific benefits and concerns
that may arise in conversations with such voices, especially in voice-
only contexts. Potential concerns may include user confusion about
who (or what) they are interacting with [59], or misinterpretation
of social and emotional cues [44]. In an attempt to address these
concerns, Google Duplex explicitly introduced itself as “Google’s
automated booking service” Even so, during real-world testing, a
restaurant manager remained skeptical about whether the speaker
was truly a system [11]. Although a voice assistant clearly and trans-
parently identifies itself as a system, potential concerns may still
persist because its human-sounding voice significantly influences
user perception. Additionally, user interactions are often shaped
by whom they believe and perceive they are communicating with
[35, 60, 62]. Given this importance, our research question, positing
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a speculative near-future scenario in which voice assistants become
almost indistinguishable from humans in conversation, examines
how users perceive and interact with them when their identity as a
system is explicitly disclosed. To gain richer insights, we also revisit
artificial-sounding voices—despite being relatively less likable—to
consider whether they still remain a valuable option for address-
ing ethical concerns in voice design. Therefore, our study aims
to empirically explore and compare how users perceive and inter-
act with both an artificial-sounding (immediately recognizable as
machine-generated) and a human-sounding (nearly indistinguish-
able from a human) voice assistant in a voice-only context, where
each self-identifies as a voice assistant.

To achieve this, we adopted a Wizard of Oz method to sched-
ule the interview time for our study through real phone calls, in
a voice-only context. First, we placed phone calls using either an
artificial-sounding or a human-sounding voice, assigned according
to a between-subjects design, to expose users unexpectedly and
capture their genuine first-time encounters in a real-world, every-
day context. Based on multiple pilot tests, we tweaked the Wizard
of Oz method to implement a human-sounding voice setup that
would be nearly indistinguishable in conversation, in terms of both
acoustic quality and vocal responsiveness. In this setup, a human
speaker (wizard) delivered the voice, inevitably sounding like a real
human while explicitly identifying as a voice assistant. We chose
this approach not to reflect the current capabilities of voice technol-
ogy, but to explore speculative voice interaction scenarios that may
emerge in the foreseeable future. Then, we conducted a debriefing
interview, which had been scheduled through the aforementioned
phone experiment, to examine participants’ experiences and the
underlying reasons behind their interactions in each voice condi-
tion. Drawing on the observation data and debriefing interviews,
two researchers carried out both conversation analysis [27, 52] and
thematic analysis [8].

Our findings present seven themes, each with related subthemes,
describing how participants perceived and interacted with each
voice condition, including detailed conversational behaviors and
their underlying thoughts and feelings. Most participants interact-
ing with the human-sounding voice condition experienced confu-
sion and disbelief, even when the system was explicitly disclosed.
On the other hand, artificial-sounding voices, while less engaging,
alleviated social burdens. Building on these findings, we discuss
how voice assistants’ voices should be designed in a voice-only
context: they should clearly reveal their identity through voice
alone, foster natural and rich interactions, and relieve social bur-
dens while maintaining empathy. Furthermore, we weave these
discussions together to propose voice design implications that strive
for both transparency and responsiveness. Our study contributes by
providing timely and necessary insights intended to inspire voice
interaction designers and researchers to craft the voices of voice
assistants—soon to become a pervasive part of daily life. This work
also adds to ongoing discussions that are increasingly important to
the HCI community, in an era where the line between human and
synthetic voices continues to blur.
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2 RELATED WORKS

2.1 Artificial-Sounding Voice and
Human-Sounding Voice

We compared two key concepts—artificial-sounding voice and human-
sounding voice—and provided operational definitions and relevant
background for each to establish a shared understanding.

2.1.1  Artificial-Sounding Voice: Transparently Recognizable as a Ma-
chine. The term artificial-sounding voice is used differently across
various studies: non-human voice [41], robotic voice [41], the de-
fault voice style [1], one-fits-all voice of early voice assistants [9],
standard synthetic voices [19], and mindless voices [55]. However,
they can be interpreted as variations of a similar concept. From
the widespread adoption of initial voice assistants (e.g., Amazon’s
Alexa, Apple’s Siri, and Google Assistant) by global tech companies
in 2015, many voice assistants have incorporated a standardized de-
fault voice. Cambre and Kulkarni [10] described the one-fit-all voice
of early generation voice assistants as clear, female-sounding, po-
lite, and playful. Similarly, Aylett et al. [1] characterized the default
voice style of voice assistants at that time as having a newsreader
style—clear, warm, but unemotional. Voice synthetic technology
has advanced from its past low-quality robotic-sounding to highly
intelligible sound [9, 20]. In its early stages, voice technology relied
on concatenative synthesis, which recombined recorded speech
units. While this approach produced hyper-articulated speech, it
also introduced prosodic peculiarities [15]. Later advancements,
such as parametric synthesis and neural networks, enabled seamless
co-articulatory overlap (i.e., smoother and more connected speech),
pushing the boundaries of artificial-sounding speech. These devel-
opments have resulted in voices that deliver information with ex-
ceptional clarity—akin to professional TV news reporters—yet still
differ from the casual, spontaneous speech of real humans, making
them sound less human and still artificial. These voices are charac-
terized by standard pronunciation, consistent speed and volume,
stable tone and pitch, and an absence of disfluencies [10, 20, 55].

In our study, the term artificial-sounding voice is operationally
defined as a voice with a standardized accent, consistent speed,
emotionally neutral tone, articulate delivery, and a broadcaster-
like voice, as widely used in early voice assistants—immediately
recognizable as non-human and machine-generated.

2.1.2  Human-Sounding Voice: Nearly Indistinguishable from Hu-
man Voice. The advancement of deep neural networks has enabled
speech synthesis technology to reach human-level naturalness.
Within the HCI discipline, the extent of human-likeness in voice
assistants’ human-sounding voices varies to some degree. Google
Duplex and subsequent studies referred to such voices as “natural-
sounding,” incorporating features like filled pauses and regional
accents (e.g., Irish English) [34, 50]. In research by Do et al., Neural
text-to-speech was studied, demonstrating higher fidelity (i.e., in-
creasingly smooth and natural prosody) in intonation-based deep
neural network models [19]. Additionally, the tech industry has
seen diverse progress in human-sounding voice technology. Neu-
ral speech synthesis models, such as DeepMind’s Wavenet [25],
Google’s Tacotron 2 [70, 71], Baidu’s Deep Voice 3 [3], and Ope-
nAT’s voice model in 2024 [51], can generate synthetic voices with
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fluent, natural prosody and distinctive accents that reflect individ-
uality, ethnicity, and regional dialects. The models developed by
Microsoft’s Vall-E [40, 68], ElevenLabs [57], D-ID [37], and Neosapi-
ence’s Typecast [56] can now not only replicate unique, ‘one-of-
a-kind’ accents but also integrate human emotions into speech
synthesis. Other models like Meta’s Generative Spoken Language
Model [39] and Suno’s Bark AI [63] extend these capabilities to
mimic uniquely human noises produced by body organs, such as
laughter, yawning, coughing, breathing, and mouth clicks. Even
though synthetic voices may sound remarkably human, they still
fall just short of fully capturing the paralinguistic cues of human
conversation—issues such as processing latency and awkward turn-
taking mismatches persist—based on the capabilities of commercial
voice interaction technologies as of 2024 (e.g., OpenAl [48]; Google
[67]). In particular, paralinguistic cues in speech have been shown
to significantly contribute to making voices sound more human
[50, 55]. Nonetheless, driven by recent advancements, voice technol-
ogy is now on the verge of mimicking adaptive and responsive par-
alinguistic dynamics, such as intonation, speech rate, turn-taking
timing, and pauses—ultimately enabling lifelike conversations.

In this work, we have operationally defined a human-sounding
voice not as one that merely sounds like human speech, but as one
that also incorporates paralinguistic dynamics that finely adjust
in response to the user and context, enabling interactions that are
nearly indistinguishable from those with real humans. Under this
definition, while human-sounding voices may encompass a wide
range of vocal characteristics, our study intentionally excludes
elements such as emotional expression or distinct human noises,
as the task involved simple transactional phone calls.

2.2 Comparing Artificial-Sounding Voice and
Human/Human-Like Voice

2.2.1 Comparing Artificial-Sounding Voices and Human Voices in
a Lab-Based Setting. Previous studies have compared artificial-
sounding voices and real human voices in various contexts in the
human-computer interaction (HCI) field. Early studies by Stern et
al. [61] and Mullennix et al. [42] both found that human speech was
generally perceived more favorably than computer-synthesized
voices presented via audio tapes. Doyle et al. [20] carried out a
qualitative study comparing the voice of smart speakers (Alexa
and Siri) and human speech. While both types of voice were found
to be equally easy to understand, users perceived the computer-
synthesized voice as colder and less expressive compared to hu-
man speech, which is described by a cheerful and dynamic tone.
Cambre et al. [9] compared 18 commercially available computer-
synthesized voices and three human voices in a long-form context
like audiobooks. While some of the computer-synthesized voices
were perceived as having high clarity similar to human speech,
their voice quality (e.g., monotone, naturalness, emotion, and per-
sonality) fell short of that of human speech. Kiithne et al. [32] com-
pared human voices with two different TTS-synthesized voices and
found that human voices were preferred over synthesized voices.
They argued that voices with higher human-likeness effectively
reduced eeriness and increased likability. Rodero and Lucas [53]
had participants listen to audiobooks narrated by human voices
and a synthetic voice (Amazon Alexa) and supported the Human
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Emotional Intimacy Effect, demonstrating that human voices out-
perform synthetic voices in emotional connection, engagement,
and information retention.

2.2.2  Comparing Artificial-Sounding Voices and Human Voices in
the Real-World. Some studies have examined both artificial-sounding
voices and actual human voices in real-world situations. Moore
[41] collected real telephone conversations from a travel planning
service and compared interactions between a human voice (tele-
phone operator) and a robotic-sounding voice (produced via a voice
changer used by a human speaker). The findings revealed that hu-
man callers interacting with the robotic-sounding voice were less
likely to engage in lengthy social exchanges, resulting in an 83%
reduction in responses. Another study by Wang et al. [69] reported
that Al systems in call centers effectively reduced customer com-
plaints. Although these studies contribute to our understanding of
how interactions vary between artificial and real human voices in
real-world contexts, they still lack an in-depth grasp of user experi-
ences and the reasons why users exhibit limited voice interaction.

2.2.3 Comparing Artificial-Sounding Voices and Human-like Voices.
Moving beyond the comparison of artificial-sounding voices to
human voices, the latest study compared artificial-sounding voices
and deep neural network-based speech synthesis in a controlled lab
environment. A recent study by Do et al. [19] investigated the effect
of neural text-to-speech (TTS) on user perception in the context of
a persuasive virtual human, comparing standard TTS, neural TTS,
and human speech. Neural TTS was perceived as less trustworthy
than human speech, but no significant difference was found with
standard TTS, indicating that higher fidelity synthetic speech is not
necessarily more favorable [19]. Earlier researchers [13, 19] also
emphasized the importance of re-evaluating earlier research in light
of modern speech synthesis technology as it continues to improve.
Our study positions itself within the related work landscape and
builds on previous research by examining two voice conditions.
While the artificial-sounding voice reflects modern technology, the
human-sounding voice is based on a near-future perspective and
may be revisited as a feasible, real-world technology.

3 METHOD
3.1 WoZ Study on Real-World Phone Calls

To compare users’ perceptions and interactions with a voice assis-
tant using both artificial-sounding and human-sounding voices, we
used the Wizard of Oz (WoZ) method in a real-world phone call
setting, a voice-only context (refer to Figure 1). The WoZ method
is widely adopted in the speech-based HCI field [22]. A human
operator (the wizard) simulates the interactive behavior of a sys-
tem, making participants believe they are actually engaging with a
functioning system [5, 23]. We regard this method as a useful and
effective approach for exploring the two voice conditions while
minimizing the risk of conversational processing errors that could
disrupt the user experience. Exposing users to such errors through
the human voice was not the goal of this study. It is also partic-
ularly well-suited to the human-sounding voice, envisioned as a
near-future voice interaction that is almost indistinguishable from
that of a real human. In addition, in an effort to collect vivid and au-
thentic user experiences, we focused on users’ first encounters with
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Figure 1: Illustration of our study set in a real-world phone call context. We used a between-subjects design to compare voice
conditions. The artificial-sounding voice was produced through text-to-speech, while the human-sounding voice was achieved
by a human wizard with voice guidance. Both conditions rigidly followed the dialogue flow and script.

the voice condition in their daily routines. The task involved sched-
uling the actual interview times for this study through ordinary
phone calls. The study was reviewed and approved by the uni-
versity’s Institutional Review Board (IRB). The task of scheduling
through phone calls was chosen because it is a very common and
familiar task, making it easy for anyone to perform. A voice-only
setting requires users to rely solely on their voices, making it ideal
for exploring user experiences related to voice-based conditions
without the distraction of other elements—such as the visual and
physical presence of voice assistants. The phone call environment
is also an essential context, as it offers various future applications
for Al-based conversational agents.

3.2 Artificial-Sounding Voice Setup

We set up the artificial-sounding voice condition to be used with
the WoZ method for our study. The scripts were converted into
an artificial-sounding text-to-speech (TTS), and the researcher
(wizard operator) simulated responses from a preset list follow-
ing the dialogue flow. This technique of having the wizard manage
pre-recorded prompts is often used in speech-based HCI research
[5, 7, 66]. To select the artificial-sounding voice, we assessed five
TTS applications that support Korean, as the study was conducted
in South Korea with Korean participants: Amazon Polly, Adobe Au-
dition, Google Cloud TTS, Kakao TTS, and Naver Clova Dubbing.
After reviewing eight voices from five TTS applications, we opted
for the female Ara voice from Naver Clova Dubbing TTS. This voice
best represents the artificial-sounding voice operationally defined
in Section 2.1.1, exemplifying modernity with consistency, neutral-
ity, intelligibility, and standing out as one of the most advanced
options for Korean speech synthesis. The selection of a female voice
was made because it is typically used for voice assistants, with no
gender-specific reason. The phone calls were relayed using the
Skype app on a MacBook Pro, ensuring that the previously pre-
pared TTS audio output was transmitted through the phone call.
We used pre-recorded prompts in the simulation and chose not to
concurrently employ real-time TTS. This was to guarantee consis-
tent conversational capability and range and to prevent potential
delays from the wizard’s typing time and the risk of misspellings.
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3.3 Human-Sounding Voice Setup

To establish human-sounding voices that are nearly indistinguish-
able from real human voices in interaction, we determined that
having a human directly speak is the most effective and appropriate
way to achieve this, much like how generative synthesized voices
are produced. Several previous studies have also used a human
wizard to directly speak, simulating computer-generated condi-
tions [21, 24, 33, 38, 41]. To set up a truly natural human-sounding
voice condition, we determined that the first author—who has prior
experience conducting experiments with artificial-sounding voice
conditions and has a comprehensive understanding of the human-
sounding voice as operationally defined in Section 2.1.2—was the
most suitable candidate to act as the wizard. In addition, vocal
characteristics of the human wizard, such as gender, age, and ac-
cent, were well-aligned with those of the artificial-sounding voice
used in the experiment, with the only difference being the voice
conditions (i.e., the independent variables) under comparison. The
human wizard was a woman with an adult female voice, neither too
young nor too old (28 years old), and a standard Korean accent from
being born and raised in Seoul. Her accent had inherent personal
characteristics but did not contain any regional accents.

Since the human wizard spoke, it was inevitable that instinctive
and responsive paralinguistic features were present in the human-
sounding voice condition. To ensure a comparable experience across
both conditions, several guidelines were carefully followed. First,
the human wizard strictly adhered to the dialogue flow and script
during her utterances. The script was thoroughly practiced and
rehearsed to deliver the most consistent speech performance possi-
ble. Second, to maintain consistency, excessive or sudden changes
in loudness or speed were avoided; disfluencies—except for filled
pauses indicated in the script—were excluded; emotional expression
was minimized; and human noises such as laughing, yawning, or
coughing were omitted. In all sessions, she made no noticeable read-
ing mistakes (e.g., stumbling over words or conversational hiccups),
nor did she significantly deviate from the above guidelines. This
was verified by two researchers through a careful review of the
recorded data.
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3.3.1 Manipulation Check. After the experiment, we conducted
a manipulation check to determine whether participants in the
human-sounding voice condition were exposed to the wizard’s
utterances within acceptable dynamic boundaries. For each session,
we measured three voice attributes—response time, speaking rate,
and pitch—from the wizard’s utterances using Praat software. A
one-way analysis of variance (ANOVA) was then performed, as it
is appropriate for comparing means across multiple independent
groups. In this analysis, each participant’s session was treated as
an independent group (N = 12). The results (response time: p =
0.49, speaking rate: p = 0.85, pitch: p = 0.09) indicate that there
were no significant differences in the wizard’s utterances across
participants.

3.3.2  Pilot Study: Reasons for Not Using Pre-Recording. In our pi-
lot studies before the experiment, we recruited two voice actors to
record all scripts using actual human voices, similar to setting up an
artificial-sounding voice condition. However, although the recorded
human voices preserved human-level acoustic fidelity, they lacked
particularly reflexive and subtle turn-taking timing. When this
absence of responsive paralinguistic cues failed to meet users’ ex-
pectations, pilot participants promptly sensed the awkwardness.
Leviathan [34] also reported that synthetic speech technology faces
challenges not only in recognizing the nuances of human speech
(e.g., false starts, repetitions, long pauses) and its contexts (e.g.,
double meanings, omissions, verbosity), but also in implementing
natural intonation and turn-taking latency dynamics that match
people’s expectations. Owing to these limitations, Chen and Metz
[11] uncovered that human callers were heavily involved and often
stepped in as replacements during most of the actual testing of
Google Duplex, a human-sounding voice assistant for restaurant
bookings. For these reasons, we decided not to use pre-recorded
human voices. Instead, to simulate a future scenario in which voice
assistants not only sound human but also responsively adjust par-
alinguistic cues during conversations, we chose to have a human
wizard speak directly in the human-sounding voice condition.

3.3.3  Methodological and Ethical Limitations. Multiple pilot tests
using recorded human voices failed to demonstrate what we con-
sider to be the most important quality: interactional responsiveness.
Even state-of-the-art generative voice assistants at the time exhib-
ited a certain degree of latency. The aim of this study was not to
reflect the current state of human-sounding voices or to examine
the perception gap caused by misaligned paralinguistic cues. Rather,
we sought to explore how users might experience interactions with
voice assistants in a speculative near-future scenario—one in which
the system demonstrates a level of realism comparable to truly
human voices, not only in how it sounds but also in how it engages
in conversation. To achieve this level of realism, a human wizard
performed the human-sounding voice. Although participants con-
sented to the study and to being recorded, the design involved a
degree of intentional deception: the human voice that claimed to be
machine-generated was, in fact, produced by a human, a tweaked
version of the WoZ method. While we fully acknowledge the ethi-
cal limitations, we deliberately pursued this experimental setup to
explore such speculative scenarios—an endeavor we believe is cru-
cial for the HCI community, particularly as human-sounding voice
technologies continue to advance toward everyday deployment.
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3.4 Dialogue Flow and Script

To provide consistent conversation flow between the two voice
conditions, the same dialogue flow and script were applied. Par-
ticipants were asked to choose their preferred interview times in
advance from 15 options across five weekdays: morning (9 a.m., 10
a.m., 11 a.m.), afternoon A (1 p.m., 2 p.m., 3 p.m.), and afternoon
B (4 p.m., 5 p.m., 6 p.m.). The scripts were created to account for
all possible variations within these timeframes for each individual.
The designed dialogue flow consisted of the following steps: the
voice assistant (1) introduced its identity and the purpose of the
call, which was to schedule an interview time; (2) inquired about
the participant’s availability from the preset time slots; (3) con-
firmed the interview time; (4) explained that the interview would
be conducted online via Zoom and that a link would be provided
via email; and (5) concluded the call. For both conditions, partici-
pants were clearly informed at the start that they were speaking
with a voice assistant: “Hello, this is a voice assistant calling on
behalf of cocoo Lab. You recently applied for our experiment; I'm
reaching out to schedule an interview time. Is now a good time to
talk?” Apart from the main dialogue flow, to address exceptional
cases, two researchers identified 23 plausible scenarios that might
occur during phone calls to arrange interview times through role-
playing sessions (e.g., poor call reception, declining participation,
time adjustments, requesting a callback, inquiring about the partic-
ipation process, etc.). Including all of these scenarios, a total of 189
scripted utterances were composed. For unanticipated content, we
also prepared fallback feedback statements like, “I'll find out and
get back to you later,” and alternative flows for ending the call. In
response to potential user interruptions, both conditions followed
the same protocol: pausing, listening to the user’s utterance, and
then resuming with the appropriate scripted response. No actual
user interruptions occurred in either condition during the exper-
iment, but notably, the human-sounding voice condition showed
faster and more immediate turn-taking, and such patterns appeared
relatively more frequently.

To enable a valid comparison between conditions, we intention-
ally constrained the conversational flow with a predefined script. Al-
though this reduced the flexibility of the conversation and may have
made the human-sounding voice seem less natural, we accepted
it as a methodological compromise. Since the task, scheduling a
phone interview, was brief and simple, the limited conversational
flexibility was unlikely to seriously undermine the perceived natu-
ralness of the human-sounding voice. So, this approach minimized
content-related variability and enabled a clearer examination of
how voice qualities (e.g., nuanced prosody, turn-taking dynamics,
and subtle variations in speech rate) in human-sounding versus
artificial-sounding voices shaped participants’ experiences. Even
so, in the human-sounding condition, participant H-P7 felt a sense
of eeriness when the conversation began immediately after an un-
stable connection, lacking sufficient social or contextual cues (see
Section 4.7). We included this as a noteworthy finding from an
interpersonal sensitivity perspective in our analysis.

3.5 Participants

We recruited participants from a university located in South Ko-
rea by posting the recruitment notice on online communities. A
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total of 24 participants were enlisted from a pool of 72 applicants:
12 for the artificial-sounding voice condition (6 males, 6 females)
and 12 for the human-sounding voice condition (6 males, 6 fe-
males). The notice explained that the study focused on users’ expe-
riences with voice assistants, and that it involved a short interac-
tion lasting less than five minutes, followed by about a 45-minute
interview—altogether taking less than one hour. The notice also
informed participants that they would be contacted by phone to
schedule the online interview, and that both the phone call and
the interview would be recorded for data collection purposes. Only
those who agreed to these terms were eligible to participate in the
study. However, it did not state that the phone call itself was part
of the experiment. All participants received the call as just a simple
scheduling call, and none recognized it as part of the actual experi-
ment. Participants who expressed interest and willingness to join
were asked to choose up to three preferred interview time groups
and provide other information for screening through a Google
Form. They were further screened based on demographic informa-
tion (gender, age, and job/major), experience with voice assistants,
and expertise with Al technology. We included a self-report item
asking whether they had used voice assistants (e.g., “Have you ever
used a voice assistant such as Siri, Alexa, or Google Assistant?”)
and another item assessing their Al expertise (‘How would you
rate your overall expertise with artificial intelligence (AI) technolo-
gies?”). Based on these responses, we selected participants who
all had prior experience with voice assistants in order to assume
a baseline understanding of voice interactions. Additionally, we
excluded those with excessively high levels of expertise, as this
could have potentially led them to uncover the Wizard of Oz setup.
The two conditions were comparable in terms of age (Condition A:
M = 27.1 years, SD = 3.6; Condition H: M = 25.5 years, SD = 4.7; p =
0.34), Al technology expertise (measured on a 1-5 scale; Condition
A: M = 2.1, SD = 0.8; Condition H: M = 1.9, SD = 0.6; p = 0.54), and
academic background (majors). All participants provided informed
consent and e-signed their forms after the phone call experiment
but before the debriefing interview began. The interview lasted
approximately 40 minutes, and participants were compensated with
20,000 KRW (15 USD) for their participation.

3.6 Procedure

3.6.1 Phone Call Experiment. The experiment was conducted by
placing phone calls to the participants under each voice setting to
arrange a specific interview time for this study. Despite the unex-
pected calls from the voice interface, all participants successfully
completed the task, and every conversation took place within the
prepared scripts. There were no deviations from the dialogue flow,
nor did any other invalid cases occur. But there was one exception
in each condition that required a callback. In the artificial-sounding
voice condition, one participant (A-PI) hung up, saying, “What’s
this?” necessitating a second call to resume the experiment. In the
human-sounding voice condition, one participant (H-P7) had an
unstable call connection, which required us to redial to continue. As
these two cases completed the task successfully, they were included
in the dataset.

3.6.2 Debriefing Interview. All participants in both conditions at-
tended the online interviews using Zoom on time. Right before
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starting the interview, participants were informed that the previ-
ous phone call had been part of the experiment and that the call
had been recorded, as stated in the recruitment notice (refer to
Section 3.5). In the human-sounding voice condition, it was also
explained that the use of a human speaker performing a human-
sounding voice while claiming to be a voice assistant—thereby
temporarily deceiving participants—was an intentional part of the
experimental setup. This was necessary to capture participants’
authentic and spontaneous reactions to a speculative scenario in
which a voice assistant, nearly indistinguishable from real human
interaction, might unexpectedly engage with them in their ordinary
daily lives. All participants understood the purpose of this experi-
mental procedure, accepted the setup, and consented to the use of
their recorded phone call and interview data. To help participants
recollect their conversations, both the interviewer and interviewee
listened to the audio recordings together and proceeded with the
debriefing interview, which was conducted in Korean. Participants
were then asked to describe their experiences, focusing on how
they perceived and why they interacted with the voice assistants
in each condition during real-world use.

3.6.3 Data Collection & Analysis. We observed the phone call con-
versations and analyzed the debriefing interviews. We transcribed
a total of 21.7 minutes of phone call data, with most calls lasting
around one minute (Condition A: M = 53.7 seconds, SD = 4.6; Con-
dition H: M = 55.0 seconds, SD = 9.5), along with 8 hours and 35
minutes of debriefing interviews. To analyze the data, we employed
conversation analysis [27, 52] and thematic analysis [8]. First, we
compiled all transcripts from the phone call conversations (as a
form of dialogue structure) and interview data into a single docu-
ment. Second, two researchers independently read through the data
to familiarize themselves with it and extracted meaningful quotes,
which were then segmented phrase by phrase in an Excel sheet.
They printed and cut out the quotes, conducted note-taking and
affinity diagramming on a physical whiteboard, and collaboratively
generated initial codes. Third, we used ATLAS.ti to further develop
the codes based on participants’ perceptions of each voice condition
and the underlying thoughts and feelings inferred from the related
interactions, with a focus on conversational behaviors (refer to the
subthemes in Table 1). Fourth, the coded data were consolidated
and developed into meaningful, higher-level themes over three
rounds. These themes were iteratively refined through ongoing
discussion until consensus was reached. Any data that did not meet
the agreed criteria was excluded from the final themes. Through-
out this iterative coding process, the themes were supported and
validated by patterns observed in the phone conversations through
conversation analysis. Finally, we used Praat software [6] to provide
simple quantitative measures. While not statistically significant,
these metrics helped provide an overall understanding of partici-
pants’ conversational behaviors, as indicated in Table 4.

4 FINDINGS

Based on analyses of actual phone-call conversations and debriefing
interviews, we identified a total of seven key themes along with
their associated subthemes, as shown in Table 1.
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Table 1: Primary Themes and Subthemes Organized by Artificial-Sounding and Human-Sounding Voice Conditions Through

Thematic Analysis.

Artificial-Sounding Voice (A)

Human-Sounding Voice (H)

Al. An Artificial-Sounding Voice Immediately Unveils Its Mechanical Nature.

A1-1. Users Were Slightly Hesitant at First, but Soon Began to Converse Through Voice.

H1. Even If It Claims to Be a Machine, a Human-Sounding Voice Makes
Users Disbelieve It.

H1-1. Users Avoid Asking Direct Questions About Whether It Is a System, Concerned
That It Might Actually Be a Real Person.

H1-2. Users Might Initially Be Distracted by the Marvel of the Technology.

A2. Preexisting Stereotypes of Low Capability in Artificial-Sounding Voices
Trigger Limited Voice Interaction.

A2-1. Slow Speech Rate and Deliberate Pronunciation.
A2-2. Simple Answers.
A2-3. No Additional Questions.

A2-4. Hesitant in Turn-Taking.

H2. Human-Sounding Voices Facilitate Natural and Rich Conversations.

Hz2-1. Faster and Easier Pronunciation.
H2-2. Lengthy Answers.
H2-3. Frequent Additional Questions.

H2-4. Fluid Turn-Taking.

A3. Artificial-Sounding Voices Could Ease Social Burdens as Systems Do Not
Make Social Judgment.

A3-1. Blunt and Cold Tone.
A3-2. No Backchannels Occurred.

A3-3. Easily Cutting Off and Ending the Call.

H3. Social Responses Naturally Emerge When the Voice Sounds Human.

H3-1. Friendly, Gentle Tone and Manner.
H3-2. Natural Backchannels Occurred.
H3-3. Feeling Guilty About Cutting Off.

H3-4. Politely Ending Calls.

H4. A Mismatch Between Vocal Empathy and the Conversational Context
Can Cause a Sense of Creepiness.

4.1 An Artificial-Sounding Voice Immediately
Unveils Its Mechanical Nature

When the artificial-sounding voice assistant introduced itself at the
beginning of the call by saying, “This is a voice assistant calling on
behalf of ooooo Lab,” users immediately recognized it as a system
because of its artificial vocal characteristics.

4.1.1  Users Were Slightly Hesitant at First, but Soon Began to Con-
verse Through Voice. Most of the participants (A-P1, A-P2, A-P5,
A-P8, A-P12) mentioned that they initially hesitated, wondering
if they could respond subjectively to the free-response questions
posed by the artificial-sounding voice assistant. Some participants
(A-P5, A-P8, A-P12) stated that they instantly recalled the existing
automated response system (ARS) and were momentarily ready to
press buttons. But soon, they generally attempted to answer the
open-ended questions within moments and continued engaging in
the conversation as subsequent questions were asked. All partici-
pants successfully completed the task of scheduling an interview
through the call in this condition. Participants who received an
artificial-sounding voice took longer to respond to the first question
(M =1.15s, SD = 0.46) compared to those in the human-sounding
voice condition (M = 0.41s, SD = 0.13).

At first, I expected to hear a human, but when I heard the
machine voice, I thought it was an ARS. Usually, option
‘one’ means YES, so I was about to press ‘one.” But when
I was asked a question without any provided options, I
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figured it might recognize my voice and decided to give
it a try and respond directly. (A-P12)

I listened to the content and was ready to press buttons,
but there were no instructions at all. I tried giving open-
ended answers, and the conversation flowed well, so I
kept it going. (A-P5)

4.2 Even If It Claims to Be a Machine, a
Human-Sounding Voice Makes Users
Disbelieve It

Participants who received a call with a human-sounding voice, that
clearly identified itself as a “voice assistant,” perceived its identity
in various ways. Three participants (H-P1, H-P3, H-P9) undoubtedly
believed they were conversing with a human. Two participants
(H-P7, H-P12) suspected they were communicating with a person
but sensed some discomfort and unsettling feelings.

I heard that it was a voice assistant, but the voice sounded
just like a normal person. It made me second-guessing
whether I was talking to a person or not, and that really
messed with my head. You know that uncomfortable
feeling when you’re unsure who you’re talking to? I
couldn’t stop thinking, ‘Am I really talking to a human,
or what?’(H-P12)
Four participants (H-P4, H-P8, H-P2, H-P6) half-believed they
were engaging with a system because the voice was surprisingly
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natural. H-P6 noted feeling confused by the system’s introduction,
internally wondering, “Does it refer to the Al assistant or the hu-
man assistant?” H-P2, H-P4, and H-P8 changed their minds halfway
through and eventually concluded that they were interacting with
a person.

I was sort of on the fence, half-believing, half-doubting.
If it was a voice assistant, I kind of expected to hear
common fallbacks like, T didn’t get that,” or ‘Can you
repeat that?” But when the right answer came back, I
thought I was interacting with a human, not a voice
assistant. (H-P2)

The remaining three participants (H-P5, H-P10, H-P11) thought
they were dealing with a system and felt genuinely surprised by
how natural it sounded.

It said it was a voice assistant, but it sounded so human.
So I was very confused. I was listening and responding
with a skeptical ear. I was thinking, ‘How can it sound
so real? Has technology advanced this far?’ At the same
time, I was amazed by the technology that has come to
this level. (H-P10)

Overall, despite the voice assistant clearly disclosing its identity,
most participants (9 out of 12) ended up categorizing the voice
assistant as human because the voice sounded incredibly natural.

4.2.1 Users Avoid Asking Direct Questions About Whether It Is a
System, Concerned That It Might Actually Be a Real Person. An inter-
esting finding was that even when participants (H-P4, H-P8, H-P10)
were uncertain whether they were interacting with a voice assistant
or a human, they did not want to directly ask about its identity
to avoid potential awkwardness or appearing impolite, given the
possibility that it could indeed be a real person. They explained
that if they were to check, they would do so indirectly, either by
asking in a roundabout way or by using complex questions.

Although something felt off, and I was curious to figure
out who I was talking to,  wouldn’t ask directly. Instead,
I would extend my speech or ask complicated questions,
for example, ‘One (o’clock) would be good... wait a mo-
ment... or hmm, maybe two? Yes, one would be better’
(H-P4)

It could be a real person, right? If I said something
weird like ‘Are you human?’, maybe an embarrassing
situation could happen. I was confused, but I kept on
talking as if it was a person. As we had back and forth
properly, the call somehow ended without me getting
the chance to figure out anything. (H-P8)

4.2.2  Users Might Initially Be Distracted by the Marvel of the Tech-
nology. Two participants (H-P4, H-P11) mentioned in the interview
that if they had been certain it was a system, they would have been
astonished by its technological advancement and would have tested
its conversational capabilities by asking more complicated ques-
tions. So, even if users recognize it as a system, they might be so
amazed by voice synthesis technology that sounds almost human,
they may lose focus on the task and instead shift their attention to
testing its intelligence.
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I’d be very impressed by how it can talk like a human.
I’d try asking tricky questions to see if a voice agent
could truly manage to answer. (H-P4)

If1 knew for sure that it was really a system, I'd want to
test different things, regardless of our original purpose
of conversation. (H-P11)

4.3 Preexisting Stereotypes of Low Capability in
Artificial-Sounding Voices Trigger Limited
Voice Interaction

Participants who engaged with the artificial-sounding voice con-
dition displayed limited interaction, characterized by slow speech,
overly articulated pronunciation, simple responses, no follow-up
questions, and hesitation in turn-taking.

4.3.1 Slow Speech Rate and Deliberate Pronunciation. Participants
in the artificial-sounding condition spoke slowly and pronounced
words clearly and articulately to ensure their responses were rec-
ognized (speech rate, condition A: M=4.57 syllables/sec, SD=1.08).

I tried to make the system understand by pronouncing
each word slowly and distinctly. I felt like I was making
it understand the conversation, not having a natural
conversation. (A-P5)

I felt like I was making sure to put the right input accu-
rately and waiting for the output in return. (A-P10)

4.3.2 Simple Answers. Participants interacting with artificial-sounding

voices answered as concisely and briefly as possible, concerned that
the voice assistant might not understand them.

To a person, I'd go like, “Um... uh... I'll think about it...
I think four will be okay.” But I was silent because the
voice assistant might not understand that, so I simply
answered, “FOUR (o’clock).” I was thinking, what if I
give an answer that isn’t one of the options? So I tried
to answer within the predictable range. (A-P2)

I tried to speak as short and accurately as possible be-
cause I was worried that my answers might not be recog-
nized or could be misunderstood if I added extra words.
So, I didn’t say more than I needed. (A-P8)

4.3.3 No Additional Questions. None of the participants in the
artificial-sounding voice condition asked any questions. Most of
them assumed that questions outside the predetermined workflow
could potentially disrupt the flow, leading to concerns that they
might not receive a proper answer.

I felt there was a path I needed to follow by selecting
the right answers. (...) I wanted to listen to the content
again, but didn’t know how to replay it, so I didn’t do
anything. I held back from asking because I thought it
might be difficult for the system to deal flexibly with
sudden and unexpected questions outside of the preset
conversation flow. (A-P1)

Talking to a person feels organic, so various questions
naturally pop up while having a conversation. But with
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Table 2: Participants’ answers to questions about the interview time during the experiment: Those in the artificial-sounding
voice condition answered briefly and concisely, whereas those in the human-sounding voice condition responded more freely

and verbosely.

Artificial-sounding voice
1 Yes.
2 Four (o’clock).
3 Uhm... Nine (o’clock).
4 Six (o’clock).
5 Uhm... Ten (o’clock).
6 Five (o’clock) is good.
7 Four (o’clock).
8  Uh... Six (o’clock) sounds the best.

9  I'm available at one. One (o’clock).

10  Ten (o’clock).
11 Eleven (o’clock) is good.
12 Six (o’clock).

the robotic voice assistant, I felt constrained in the con-
versation, as if there was a specific acceptable range.
(A-P10)

I wondered if it(voice assistant) could handle specific
questions like ‘Can we start 10 minutes earlier?” or ‘Can
I join using my phone instead of a laptop?’ However, I
felt like I just had to stick to the given flow. (A-P4)

4.3.4 Hesitant in Turn-Taking. Turn-taking is a conversational
structure in which participants speak one at a time, alternating
turns [26]. Speakers convey turn-yielding cues by raising or lower-
ing their voice at the end of a sentence, and listeners promptly take
their turn, creating a reciprocal (ping-pong) dialogue. Participants
communicating with artificial-sounding voice assistants were pas-
sively waiting for their speaking timing rather than actively taking
turns (the number of turn-takes: M=3.1, SD=0.9).

I wasn’t even aware that it (voice assistant) would take
questions. (...) Like a walkie-talkie, I thought the timing
for asking and responding was fixed, like an ON and
OFF switch. (A-P12)

I was kind of tense during the call, as I kept waiting to
make sure the voice agent had finished speaking so I
wouldn’t miss the chance to reply. I couldn’t catch any
breathing sounds or cues that signaled the end of its
turn, which made me hesitate when to respond. (A-P2)

4.4 Human-Sounding Voices Facilitate Natural
and Rich Conversations

Participants who conversed with the human-sounding voice con-
dition, in contrast to those who communicated with an artificial-

sounding one, exhibited natural and rich voice interactions—despite
some users being aware that the voice was from a system. They

Human-sounding voice

Monday? Two (o’clock).
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I'm fine with both. How long does it take? Please set me at two (o’clock).

Hmm... Was the experiment a 30-minute video call? In that case, I'm fine at five (0’clock).
Three (o’clock) sounds the best.

Yeah, sure. I'm fine at three (o’clock).

Wait... Hmm... I am available at eleven(o’clock).

Wait, next week? / One and two ( o’clock)? / Where was the location again?

Um, how long does it take? The time? / Ten (o’clock) will be fine.

Hmm... Wait. Yeah, I'm fine with that.
Wednesday two (o’clock)? Yeah, I'm available.

Six (o’clock)? Can it be later than that? / Yeah, seven (o’clock) is great.

spoke relatively quickly, pronounced words naturally and comfort-
ably, responded verbosely, and asked questions that arose sponta-
neously during the conversation.

4.4.1 Faster and Easier Pronunciation. Participants in the human-
sounding condition spoke more casually and effortlessly, at a rel-
atively faster pace (condition H: M=5.55 syllables/sec, SD=1.05)
without paying particular attention to precise pronunciation, just
as they would in everyday conversation.

I felt like I was just having a normal conversation with
someone to arrange a time. I didn’t particularly pay
attention to how I was speaking. I think I just talked
like I always do. (H-P1)

4.4.2 Lengthy Answers. With the human-sounding voice, partici-
pants gave longer and more detailed responses, as seen in Table 2.

4.4.3  Frequent Additional Questions. 9 out of 12 participants asked
additional questions in the human-sounding condition (see Table 4).
Most participants naturally asked follow-up questions during the
dialogue, facilitating a richer exchange of task-related information,
as exemplified in the representative conversation in Table 3. These
additional questions included simple reconfirmations of what they
heard, like ‘Monday?’ or ‘One and two (o’clock)?” Some participants
(H-P6, H-P8, H-P11) in the human-sounding condition reported that
their questions arose habitually and subconsciously.

If I heard a robotic sound, I probably wouldn’t have
thought of asking something. But, as the call went on,
it felt like I was talking to a person. For some reason, I
had the feeling that my questions would be answered,
and they just naturally slipped out. (H-P8)

Even though part of me knew it was a bot (voice as-
sistant), I found myself double-checking the available
times like I normally do, without giving it much thought.
(H-P11)
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Table 3: (Left) Conversation with A-P2 under the artificial-sounding voice condition. (Right) Conversation with H-P8 under the
human-sounding voice condition. Backchannels are represented with indentation and (parentheses).

A-P2 H-P8
01 VA Hello, this is a voice assistant calling on behalf of coooo Lab. 01 VA Hello, this is a voice assistant calling on behalf of coooo Lab.
02 A-P2  (Noresponse) 02 H-P8 (Uh-huh.)
03 VA YOL? recer»ltly aPplied up for our exPeriment. T am reaching out to you to schedule 03 VA You. recer.ltly a})plied for our exper%ment. I am reaching out to you to schedule
an interview time. Is now a good time to talk? an interview time. Is now a good time to talk?
04  A-P2  Yes. 04 H-P8 Mhmm... Yeah, 'm okay.
05 VA You have chosen next Friday afternoon for the interview. Which time can you 05 VA You chose that you are available on Friday morning. Which time can you
participate between four or five? participate between ten or eleven?
o G four 00 A1 Um, how long does it take? The time? (Uh-hub)
07 VA Alright. We will schedule the interview at four. 07 VA The interview will take around 30 minutes.
08 A-P2  (Noresponse) 08 H-P8  Uh... Then, ten will be fine.
09 VA —err}:;iiln;flzviz\;mﬂ;r‘z:srs::;:ggia video call, and I will send you a link through 09 VA Yes, then we will have an interview at ten.
10 A-P2  (No response) 10 H-P8  So,it’s ten A.M. on a Friday, right?
1 VA Thank you for your participation. 1 VA Yes, That is correct.
12 A-P2  (Noresponse) 12 H-P8 Ok, thanks. Do you perhaps send additional messages about this information?
13 VA The interview will be conducted via video call, and I will send you a link through
email and mobile phone message.
14  H-P8 Yes, that would be appreciated.
15 VA Thank you for your participation.

16  H-P§  Bye.

Since users’ additional questions in the human-sounding condi-
tion mostly related to basic scheduling tasks and stayed within the
range of the prepared scripts, appropriate responses were delivered.
Had the same questions been asked in the artificial-sounding condi-
tion, we could have provided responses without difficulty; however,
no participants attempted to ask any.

4.4.4  Fluid Turn-Taking. Participants who engaged with human-
sounding voice assistants naturally exchanged turns (M=7.2, SD=1.2),
as illustrated in Table 4. They took more turns and responded or

asked questions immediately, allowing for more and smoother trans-
actional exchanges.

People give subtle cues in their tone, like lowering the
tone when they are about to finish speaking or raising
it when asking a question. These subtle tonal nuances
make the conversation more comfortable and familiar. If
voice assistants could incorporate such nuances, I would
prefer them to have a more natural sound. (H-P5)

4.5 Artificial-Sounding Voices Could Ease Social
Burdens as Systems Do Not Make Social
Judgment

The participants under artificial-sounding voices experienced a

sense of liberation from emotional engagement and the need to

adhere to social manners, thereby relieving social pressure. Because
they were speaking with a system, they did not feel obligated to be
polite or to present a good social image. Some participants described
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that they felt at ease because they were not socially judged by others
based on their words and attitudes.

Unlike when I talk to people, talking to a voice agent felt
easier because I didn’t have to be on my best behavior.
It was less stressful, and there was no need to put extra
emotional effort or energy into it. (A-P7)

People can judge me from their own personal perspec-
tives, but systems only take the facts without making
subjective judgments, which I find more comfortable.
(H-P3)

In addition, participant A-P11 described a pre-call behavior re-
lated to voice grooming during our experiment. Some people of-
ten clear their throat by uttering sounds like “hmm, hmm” before
answering the phone to present a better voice. This behavior is
regarded as a form of social conduct, similar to dressing neatly,
intended to present a positive image to the other person. A-P11
explained that if he had known the caller was a machine, he would
not have engaged in such behavior and would have answered the
phone more comfortably.

I woke up because of the call, and I was embarrassed to
talk with my just-woke-up voice, so I cleared my throat
like hmm... hmm....’ (...)If had known it wasn’t a per-
son but the voice assistant, I would have just answered
the phone with my groggy voice. (A-P11)
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Table 4: An overview of quantifiable conversational behaviors under each condition. Turn-taking is specifically counted when
the conversation shifts to the user, capturing various cases where the user either did not respond or asked additional questions.

Time from Speech Rate Number of Number of Numbers of
Co. No. First Question (Syllables/sec) Additi.onal Turn-tkaings Backchannel Closing Remarks
to Response (Sec) Questions  (Participants) (e.g., Uh-huh)

A-P1 0.74 4.50 0 4 0 (No response)
A-P2 1.16 3.58 0 2 0 (No response)
A-P3 0.24 3.85 0 3 0 (No response)
A-P4 0.75 5.79 0 4 0 (No response)
A-P5 1.11 5.54 0 4 0 (No response)

A A-P6 1.62 4.75 0 4 0 Bye.
A-P7 1.76 4.76 0 4 0 Bye.
A-P8 1.49 5.35 0 3 0 (No response)
A-P9 1.25 4.63 0 3 0 Bye.
A-P10 (No response) 2.74 0 2 0 (No response)
A-P11 (No response) 6.25 0 2 0 (No response)
A-P12 1.35 3.16 0 2 0 (No response)
H-P1 0.31 5.79 2 9 1 Bye.
H-P2 0.40 6.44 3 8 1 Thank you.
H-P3 0.35 6.40 1 6 0 (No response)
H-P4 0.29 7.19 0 6 0 Bye.
H-P5 0.66 4.63 0 6 1 Bye.

- H-P6 0.36 3.38 1 6 2 Thank you.
H-P7 0.31 6.27 3 9 1 Thank you.
H-P8 0.43 6.24 3 8 2 Bye.
H-P9 0.33 5.22 1 7 2 Bye.
H-P10 0.67 5.40 0 8 0 Thank you, have a nice day.
H-P11 0.33 5.04 1 6 1 Thank you.
H-P12 0.42 4.60 1 7 1 Bye.

4.5.1 Blunt and Cold Tone. Participants who talked to the artificial-
sounding voice assistant made little effort to be polite or use a
friendly tone. Instead, they spoke in a curt and detached tone.

I usually speak nicely to people, but I was surprised
when I heard my own voice being stiff and cold, almost
like it would have been rude if I were talking to a person.
(-..) Maybe because I was talking with a system, I didn’t
feel the need to be overly friendly. (A-P9)

I thought it was unnecessary to be polite or careful to
the voice assistant, so I didn’t speak warmly and just
focused on delivering information. I felt like it was okay
to express my purpose and feelings more directly to the
voice assistant. (A-P3)

4.5.2  No Backchannels Occurred. Backchannels are short expres-
sions, such as uh-huh or mm-hm, that listeners use to show their
engagement in the conversation and encourage speakers to con-
tinue [26]. In the artificial-sounding voice condition, not a single
instance of user backchanneling was observed. When asked about
this, participants expressed concerns about being misinterpreted as
incorrect input (A-P8) or assumed that the voice assistants wouldn’t
recognize or react to their backchannels, making them unnecessary
(A-P9, A-P11).
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I didn’t say anything other than necessary, not even
‘umm-hm,” because I was worried that the system might
misunderstand my words and say, I didn’t understand.’
(A-P8)

I think I didn’t do backchannels because I thought I
wouldn’t receive any reactions in return. If I were to
give it habitually and didn’t get any small feedback, it
might feel ignored and left out. (A-P9)

When talking to a person, I feel like I need to respond
with ‘uh-huh, but it felt somewhat awkward to do that
with a system. I hesitated for a moment and then decided
to just listen silently, thinking it would move on to the
next topic without needing my reaction. (A-P11)

4.5.3  Easily Cutting Off and Ending the Call. Participants tend to
find it easier to cut off when communicating with the artificial-
sounding voice assistants. Participant A-P5 immediately hung up
upon hearing the artificial-sounding voice.

As soon as I picked up the phone and heard the system’s
voice, I thought it was some kind of advertisement, so I
hung up without even listening. I didn’t feel rude at all
since it was just a system. (A-P5)
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People typically conclude phone calls with phrases like ‘Bye’
and ‘Thanks for calling.’ In Korea, it is also common to say “Thank
you’ before ending the call. In our study, most participants who
interacted with the artificial-sounding voice ended the call without
making any remarks, and only 3 out of 12 participants concluded
the call with such comments (see Table 4).

I saw there was no point in saying ‘Thank you’ to the
voice assistant since it can’t even understand the mean-
ing of appreciation. (A-P5)

I got my appointment done, and I guess it (saying ‘Thank
you’) never crossed my mind. I mean, it wouldn’t make
any difference, right? If I had known it was a voice
assistant before picking up, I probably wouldn’t have
even bothered to say ‘hello.” (A-P3)

4.6 Social Responses Naturally Emerge When
the Voice Sounds Human

Participants in the human-sounding condition spoke with a rela-
tively high tone and a friendly manner and actively used backchan-
nels, signals indicating that they were listening. In addition, they
were reluctant to interrupt mid-sentence and politely offered a
closing greeting at the end of the call.

4.6.1 Friendly, Gentle Tone and Manner. Participants who con-
versed with human-sounding voice assistants tended to engage in
a more kind and gentle manner in their tone. Some participants
mentioned that if the voice assistants sounded this natural, they
would likely behave in the same manner and tone they typically do
with other people (H-P2, H-P5, H-P10). Participant H-P2 described
that she typically expresses emotions in her regular tone of voice,
adding that conveying emotions feels more natural and familiar
during such simple and casual conversations, even when interacting
with a machine.

Even in formal, business-like communication, emotions
are usually involved. I think it is way more comfortable
if there are similar emotional exchanges, even if it is a
voice assistant, just like the ordinary conversation I'm
used to. It might be because I enjoy talking to people.
(H-P2)

It seems like I naturally respond with richer and more
expressive tones when it (voice assistant) speaks like a
human. (H-P5)

4.6.2 Natural Backchannels Occurred. In the human-sounding voice
condition, 9 out of 12 participants were observed naturally provid-
ing backchannels at least once (see Table 4).

I reckon my reactions just came out of habit. At first,
I wasn’t quite sure, but I felt like I was on the phone
with a person. Unconsciously, I think I made these small
reactions just like I usually do. (H-P6)

4.6.3 Feeling Guilty About Cutting Off. Cutting someone off or
abruptly ending a phone call is considered disrespectful or impolite
in the usual norm of social interactions. Some participants (H-P2,
H-P3, H-P6, H-P9) mentioned that they are reluctant to interrupt
when someone is speaking. Even when they find the conversation
boring or unnecessary, they still try to listen due to a sense of guilt
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about cutting them off. However, they found it more convenient
and useful to hang up on a voice assistant, since they felt they
would not mind at all.

Recently, I've been making some calls to customer ser-
vice, and they kept explaining the same thing that I
already knew again and again. I didn’t want to stop
them out of politeness, so I listened patiently until they
finished, which was tiring. Actually, if it were a voice as-
sistant, I could cut them off in the middle, which would
be pretty helpful. (H-P9)

When I want to interrupt and ask something, I usually
gauge the right timing, thinking, Ts it okay to cut in
now?’ Because people might get offended if interrupted
improperly. But if it were a system, I wouldn’t really
mind and would just ask whenever I wanted to. (H-P6)

Notably, one participant, H-P10, described an imagined scenario
in which he/she might feel betrayed and displeased after acting
courteously, mistakenly believing he/she was speaking to a human,
only to later find out that he/she had actually been interacting with
a machine.

Imagine you received a call from an insurance agent,
conversing earnestly for 30 minutes, and hardly, politely
managing to end the call, only to find out later that it
was not a human. I would feel greatly betrayed. (H-P10)

4.6.4 Politely Ending Calls. All participants except one who talked
with the human-sounding voice said closing comments like ‘Bye’
and ‘Thank you’ at the end of their call (see Table 4). H-P10, who
was aware of the system to some extent, still finished the call by
saying ‘Thank you, have a nice day’.

I might not have said that (‘Thank you, have a nice

day’) if it had sounded robotic. But if it sounds this

natural and feels emotionally and linguistically like a

human, I'd want to treat it politely, as I would a person.

This just feels like part of my personal values. (H-P10)

In contrast, some participants (H-P1, H-P8, H-P12) mentioned
that, regardless of how human-like the voice sounds, if they are
certain that it is a voice assistant, they would not feel the need to
express their gratitude.

Knowing that it is a voice assistant, I think I would
converse similarly as before because now I understand
it can answer my questions well. But I don’t think I'd
end the call with ‘Thank you.” (H-P8)

4.7 A Mismatch Between Vocal Empathy and
the Conversational Context Can Cause a
Sense of Creepiness

An interesting finding was discovered when participant H-P7 ex-
perienced a poor phone connection during the human-sounding
voice condition. Typically, when the connection is unstable, both
parties usually confirm audibility by asking, ‘Can you hear me?’ be-
fore resuming the conversation. However, to keep the experimental
conditions consistent, the predefined conversation flow was main-
tained. Consequently, participant H-P7, who missed the system’s
introduction due to poor reception, felt uncomfortable when this
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common social practice was omitted. The conversation continued
without sufficient situational empathy, showing little regard for the
participant’s confusion.

When I first received the call, the voice broke up. Usually,
there’s a panic moment when the call drops, but she just
kept on talking. If it had been a person, they would
have been checked in with something like “Can you
hear me okay?” (...) It clearly sounded human, but it
wasn’t human... I didn’t feel like I was talking to a
person. After the call, I still wasn’t sure whether I had
been talking to a person or not, and that left me feeling
oddly creeped out. (H-P7)

5 DISCUSSION

The findings revealed that both types of voices have their respective
flip sides. Human-sounding voices, while enabling free-flowing
interactions, can lead to confusion about system identity and elicit
unintended social responses. In contrast, artificial-sounding voices
provide clear system recognition and relieve users from the pressure
of conforming to social etiquette, though they may constrain the
enriched interaction. Drawing on findings from our study on user
experiences with artificial-sounding and human-sounding voices,
we discuss how voice assistants should be designed in voice-only
contexts, considering their expected integration into everyday life
in the near future.

5.1 Voice Should Reveal the Identity of the
Voice Assistant

In our study, some participants who were explicitly informed they
were interacting with a voice assistant using a human-sounding
voice remained unconvinced throughout, or changed their minds
midway. This suggests that no matter how overtly a voice assistant
reveals its identity, there’s potential to unintentionally deceive users.
Aylett [1] argues that mimicry in speech technology, described
as “less of an (uncanny) valley than an abyss,” is very difficult
for users to detect. In his study [1], a hypothetical scenario was
posited: it would be creepy for anyone to discover that someone
they believed to be their partner’s mother was actually an actor
impersonating her. Similarly, in our findings, participant H-P10
described an imagined scenario, “Imagine you received a call from
an insurance agent, conversing earnestly for 30 minutes, and just
barely managing to end the call politely, only to find out later that
it was not a human. I would feel greatly betrayed. (H-P10)" (refer to
Section 4.6). This implies that users may even feel betrayed when
they later realize that they were interacting not with a person, but
with a system.

In addition, our findings indicated that users may get distracted
out of curiosity to test the system’s intelligence. They might become
confused, wondering if they heard correctly, or they might become
suspicious, asking bait questions diverting them from their main
task, to confirm the system’s identity. For instance, a restaurant
manager who received a call from Google Duplex, which intro-
duced itself as “Google’s automated booking service” using a natural
voice, became confused about its true identity and indirectly asked
a curveball question, “Are there any kids?” to test its identity [11].
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Moreover, users might miss the voice assistant’s self-introduction
due to the fleeting nature of the voice, such as background noise,
poor connection, or momentary interference. In our experiment,
such incidents occurred once under human-sounding voice condi-
tions due to unstable connections, leaving users confused as they
communicated without knowing the system’s identity (refer to
Section 4.7).

A voice assistant with a human-sounding voice could still raise
ethical concerns, such as misunderstandings and unintentional
deception, even when it clearly states its identity. Therefore, its
voice should be inherently recognizable, with vocal characteristics
that are both distinctive and transparent, allowing the assistant to
communicate its identity through voice alone—just as people can
often infer attributes like gender or age group simply by hearing
someone speak.

5.2 Voice Should Foster Natural and Rich
Interactions

Participants who conversed with each voice condition triggered
their pre-existing stereotypes about the voices, leading to notable
differences in interaction between the two groups. Participants who
interacted with the voice assistant using an artificial-sounding voice
during voice-only phone calls generally displayed limited conversa-
tional behaviors. They pronounced words slowly and articulately.
This aligns with a previous study reporting the use of a “hyper-
articulation” tactic to mitigate voice interaction errors [43]. Our
findings indicate that participants tended to answer as briefly as
possible and did not ask any questions, trying to follow the flow of
the voice system as closely as they could. We also observed user ten-
sion and hesitation during turn-taking with an artificial-sounding
voice condition. We interpreted this limited conversational behavior
as potentially stemming from pre-existing user stereotypes about
artificial-sounding voices, which were shaped by early models of
widely commercialized voice assistants. These might have led users
to presume that the interaction would not work properly. When
smart speakers were first introduced, the human metaphor and high-
quality voice made novice users expect human-level intelligence
[16, 36]. However, the more users experienced smart speakers, the
lower their expectations became for the speakers’ communication
capabilities, leading to decreased usage and neglect [52, 58, 65]. As
voice assistants became more widely embedded in mobile devices,
user stereotypes regarding their limited communication capabilities
seemed to be further reinforced.

On the other hand, the adoption of human-sounding voices en-
ables users to converse freely and without restraint, sparking rich
dialogues. As seen in our findings, people are comfortable convers-
ing with those who speak similarly to them, as if they are talking
to a fellow human. We found that participants interacting with the
human-sounding voice assistant pronounced words more comfort-
ably, somewhat effortlessly, and at a relatively faster pace. They
tended to answer more verbosely and asked various questions that
emerged organically. Participants also communicated more natu-
rally and smoothly, taking turns with ease. We interpret this as the
effect of responsive paralinguistic cues (intonation, speech rate, and
turn-taking timing), which made the interaction more engaging
and richer.
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When designing voices for voice assistants, it is important to
consider potential user biases toward artificial-sounding voices with
limited interaction capabilities. Thus, we suggest that designers
ensure that responsive and adaptive paralinguistic cues—tailored to
the user and context—are effectively incorporated to foster engaging
and natural interactions.

5.3 Voice Should Relieve Users’ Social Burdens
While Maintaining Empathy

Users conversing with the artificial-sounding voice assistant, likely
considering it a system, typically demonstrated no social interac-
tions. Clark et al. [14] also reported that users showed “no desire
to build bonds with conversational agents.” In Moore’s study [41],
when users called travel agents that sounded like machines, they
did not engage in extended social interactions. They did not feel
the need to explain their travel reasons because the agent sounded
like a system, resulting in more efficient task completion. In our
study, we also found that although most participants interacting
with artificial-sounding voices generally exhibited more restricted
conversational behaviors, they nevertheless experienced a sense of
liberation from emotional engagement and social etiquette. This
relieved them of the pressure to be polite or maintain a positive
social image. Participant A-P11 mentioned that if they had known
it was a system, they would have answered the call more casually,
without feeling the need to adjust their voice to sound polite (refer
to Section 4.5). In relation to the emerging phenomenon of Telepho-
bia in human-to-human conversation, Khokhar [29] reported that
some people are experiencing fear and anxiety talking to people on
the phone due to pressure to engage in small talk or the discomfort
of being judged on tone or choice of words. People usually regulate
their behaviors based on others’ expectations, being attentive to
others’ intentions and perception of their actions for interpersonal
relationships [30]. Considering this, the artificial-sounding voice
of voice assistants could possibly reduce the burden of adhering
to social etiquette for users and allow for efficient, task-oriented
interactions.

Conversely, the naturalness of human-sounding voices has the
potential to elicit users’ habitual conversational behaviors and in-
grained social responses [45]. In our findings, participants who
interacted with a human-sounding voice assistant tended to be
polite, hesitated to interrupt, and expressed gratitude in a habitual
manner. These social responses may be rooted in the desire of indi-
viduals as social beings to avoid upsetting the other person. This
indicated that a human-sounding voice may prompt users to engage
in unnecessary social etiquette. Given that voice assistants should
also carefully regulate emotional expressions in human-sounding
voices to avoid misleading users’ emotional responses. However, at
the same time, when users are in awkward or emotionally charged
situations (e.g., angry or urgent), the voice assistant’s tone should
be subtly adjusted to reflect the user’s emotional state and context.
When a participant H-P7, struggling with a poor phone connection,
encountered a human-sounding voice assistant that kept an indif-
ferent tone and continued speaking according to a predetermined
script as if nothing had happened, the participant reported feeling a
sense of disconnection and eeriness (refer to Section 4.7). This sug-
gests that expressing empathy in voice is especially crucial when
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the voice sounds human. In Kim et al’s study [31], voice interaction
designers mentioned expressing sympathy through voice assistants
using cheerful or sorrowful voice tones aligned with the user’s
sentiment in order to promote a positive relationship. In agreement,
Chin et al. [12] found that voice assistants who displayed empathy
were most effective in handling users’ verbal abuse.

Therefore, we emphasize that the voice of voice assistants should
be designed to free users from the burden of adhering to social
manners and to minimize unintentional social responses that may
mislead or confuse users. Importantly, when users are in a difficult
or emotionally sensitive situation, the voice assistant should convey
empathy through tone—for instance, by shifting from a friendly to
a more neutral manner of speaking.

6 DESIGN IMPLICATIONS

Echoing previous research that has argued for the importance of
new paradigms in voice design [14, 30, 31, 49], we highlight de-
sign implications for the voice of conversational agents that pursue
both transparency and responsiveness. Specifically, we emphasize
approaches that make the system’s identity transparently recogniz-
able through its voice alone, while enabling the level of real-time
responsiveness essential for rich and engaging conversations.

6.1 Transparent Vocal Identity

Our study suggests that the voice of voice assistants should be
transparent, allowing users to recognize the assistant’s identity
based solely on vocal characteristics. For transparent voice design,
a primary consideration is to avoid misrepresenting distinctly hu-
man vocal qualities that may lead to confusion. One such example
is the use of highly individualized or "one-of-a-kind" voices. Sutton
et al. [64] argue that voice assistants should incorporate various
sociolinguistic features based on the similarity-attraction theory,
adapting to the preferences of different users. However, such fea-
tures must be carefully evaluated, as vocal traits related to gender,
region, or cultural background may inadvertently undermine the
transparency of the assistant’s identity. Another consideration is the
overuse of disfluencies. While disfluencies (e.g., filled pauses) can
increase human-likeness and relatability [50], excessive or poorly
executed use may reduce vocal clarity and blur the distinction be-
tween human and machine, ultimately confusing users. Instead of
using voice features that risk being mistaken for a human, adopting
a clear and intelligible voice—free of disfluencies and with mini-
mal regional accent—can serve as a recognizable form of machine
voice, contributing to transparency and user clarity. Furthermore,
we suggest incorporating distinctive characteristics into the voice
itself. For example, mechanical sounds (e.g., beep-boop [2], earcons
[10], or genderless voices [17]) can function as a ‘voice print’—an
auditory signature that distinctly identifies the assistant, much like
how people typically infer gender, age, or personality traits from
a person’s voice. Although previous studies that explored such
mechanical features found that participants did not favor these
new and unfamiliar types of voices [2, 17], designers should move
beyond the human-like voice paradigm and continue to create more
imaginative vocal transparency for crafting uniquely machine-like
voice identities. Ultimately, this kind of transparent voice can help
reduce “over-learned social behaviors” [44], which may lead to
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automatic, mindless responses that lack genuine meaning. It also
supports more comfortable interactions by reducing users’ per-
ceived obligation to follow social etiquette. Finally, it may prevent
users from later feeling unintentionally deceived or experiencing
disillusionment upon realizing that the voice was not human.

6.2 Responsive Vocal Characteristics

Our study emphasizes the importance of incorporating responsive
and flexible paralinguistic cues, such as prosody, speech rate, re-
sponse latency, and pauses, to support more fluid and rich voice
interactions. To achieve this responsiveness, voice assistants should
be capable of sensitively and subtly adjusting these cues in real
time, in alignment with the user’s conversational cues and expec-
tations. For example, voice assistants could respond more quickly
to short queries, adapt their speaking pace to match the user’s
speech—speaking more briskly when the user talks fast, and slow-
ing down slightly when the user speaks more slowly. They could
also pause or stop immediately when the user interrupts, and finely
calibrate turn-final prosody to support smooth and predictable turn-
taking. Once such seamless and effortless interactions become feasi-
ble, users will be able to complete tasks more quickly and efficiently
through voice-based interfaces. In particular, enhanced responsive-
ness, alongside faster processing, could alleviate users’ frustration
and sense of being blocked in scenarios like drive-through voice-
ordering services or customer service call centers. This, in turn,
could reshape existing stereotypes about voice assistants as having
limited conversational abilities. Additionally, as synthetic voices
become increasingly natural, even slight mismatches in tone or
prosody are more likely to create a sense of awkwardness or emo-
tional disconnection. In response, voice assistants should convey vo-
cal empathy and adjust their tone appropriately to reflect the user’s
emotional state and context. For instance, when a user expresses
frustration or anger, a cheerful voice may need to be gently soft-
ened to better align with the user’s mood. Rather than having voice
assistants completely replicate human voices, we propose a voice
design that selectively and carefully curates vocal characteristics to
meaningfully enhance responsiveness to users’ conversational cues
and contexts, fostering smoother and more efficient interactions.

7 LIMITATIONS AND FUTURE WORK

In this section, we would like to point out some of the limitations
regarding our study and the possible future work that could branch
out from there. First, our study focuses on users’ short and initial
encounters with both artificial- and human-sounding voice assis-
tants, with an average call duration of around one minute. Such a
brief exposure limits the depth and complexity of interaction and
may not fully observe how user experiences evolve over prolonged
periods [18, 28, 47]. Future research could extend to longer inter-
actions or even long-term studies, examining how vocal attributes
influence user perceptions and behaviors over time.

Second, as indicated in our findings (Section 4.2), 9 out of 12
participants in the human-sounding condition concluded that the
voice was human—either feeling confused about whether it was
a system or never questioning its human identity. Although our
study aimed to capture both the perception and experience of such
ambiguity, this perception likely influenced the overall interaction
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and should be taken into account when interpreting the findings.
Additionally, it is important to note that the human-sounding voice
was, in fact, produced by a real human speaker (wizard), reflecting
a future scenario in which the paralinguistic features of voice assis-
tants could respond with fine-grained precision. Future research
may build upon our findings to explore how user experiences differ
when such systems become technically feasible.

Third, our study examined a transactional context, specifically
scheduling interview times, which involved simple and straight-
forward tasks. However, in situations where social interactions
play a significant role, such as counseling or handling complaints,
further exploration may be needed. Future work could investigate
not only transactional contexts (performing functions or tasks)
but also social interactions with voice assistants to determine how
voices should be designed and assigned to ensure engaging and
meaningful communication.

Fourth, the diversity of human-sounding characteristics is vast,
but our study only explored a subset of this richness, such as
filled pauses, natural paralinguistic cues (subtle responsive prosody,
speech rate, and latency), and personal accents. Excluded from our
focus were overly emotional tones, disfluencies that impair intel-
ligibility (e.g., repetition, false starts, and verbosity), and human
noises (e.g., laughter, yawns, and breathing). Future studies could
investigate a broader range of human-sounding attributes, particu-
larly focusing on emotional aspects and balancing empathy with
social awkwardness, to enhance our understanding of voice design.

Fifth, we utilized an artificial-sounding voice, primarily focus-
ing on a consistent and intelligible female voice commonly used
in earlier voice assistants. Based on our findings, we proposed
creating machine-unique, transparent voices that convey identity
solely through the voice alone. In this regard, Aylett et al. pio-
neered exploratory work on machine-unique voices—suggesting
performance-style voices (e.g., actors playing a character) [1] and
mixing speech synthesis with semantic-free utterances (e.g., the
beeps, squeaks, and clicks found in Wall-E or R2-D2) [2]. This ap-
proach draws on the rich history of robotic sounds in science fiction
films. Works by Disney and Spielberg can serve as valuable refer-
ences for voice design. Future work could be inspired by how robot
and agent characters sound in science fiction media.

Lastly, we predetermined the structure of the dialogue flow and
scripts for scheduling tasks. This approach was intended to provide
a comparable user flow for both human-sounding and artificial-
sounding voices, while also ensuring error-free conversations and
minimizing bias from error situations. Notably, our study found that
users experienced awkwardness and a sense of disconnection when
interacting with human-sounding voices over a laggy network.
Regardless of how advanced the conversational abilities of large
language model (LLM)-based voice assistant systems become, edge
cases such as API call failures, network errors, hallucinations, and
hyper-precision distortions are likely to occur. Future research
examining user experiences with human-sounding voices in such
unexpected error situations could provide valuable insights.

8 CONCLUSION

The study compared user perceptions and interactions with artificial-
sounding and human-sounding voice assistants in a voice-only
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phone call context embedded in everyday life. Our findings re-
vealed seven themes that illustrate how specific conversational
patterns differed between the two conditions and how participants
socially perceived and responded to them. These findings led to
a discussion on how the voices of conversational agents should
be designed: to reveal their identity, foster natural and engaging
interactions, and relieve social etiquette burdens while maintain-
ing empathy. Furthermore, we proposed design implications that
emphasize the importance of transparency and responsiveness in
voice design. This study contributes to the evolving discourse by
offering timely insights into designing voices for future voice as-
sistants that blend artificial and human qualities. These insights
may also inspire HCI researchers and designers to reimagine voice
design while addressing associated ethical and usability challenges.
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