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Modern speech technologies enable the artificial replication, or cloning, of the human voice. In the present study,
we investigated whether listeners’ perception and social evaluation of state-of-the-art voice clones depend on
whether the clone being heard is a replica of the self, a friend, or a total stranger. We recorded and cloned the
voices of familiar pairs of adult participants. Forty-seven of these experimental participants (and 47 unfamiliar
controls) rated the Trustworthiness, Attractiveness, Competence, and Dominance of cloned and recorded samples
of their own voice and their friend’s voice. We observed that while familiar listeners found clones to sound less
(or similarly) trustworthy, attractive, and competent than recordings, unfamiliar listeners showed an opposing
profile in which clones tended to be rated higher than recordings. Within this, familiar listeners tended to prefer
their friend’s voice to their own, although perceived similarity of both self- and friend-voice clones to the original
speaker identity predicted higher ratings on all trait scales. Overall, we find that familiar listeners’ impressions
are sensitive to the perceived accuracy and authenticity of cloning for voices they know well, while unfamiliar
listeners tend to prefer the synthetic versions of those same voice identities. The latter observation may relate to
the tendency of generative voice synthesis models to homogenise speaking accents and styles, such that they

more closely approximate (preferred) norms.

1. Introduction

Synthetic voices have been part of everyday human life for some
time, from the iconic sound of Stephen Hawking, to satnav devices and
public service announcers. Recent rapid development of voice synthesis
and voice conversions technologies, often employing artificial intelli-
gence (AI), now allows users to choose and/or design bespoke voices for
use in applications from advert voiceovers to conversational agents and
vocal avatars for online gaming. In some scenarios, voice synthesis aims
to closely replicate specific real human identities. For example, an actor
may agree for their voice identity to be resynthesised for use in wide-
spread marketing campaigns or multilingual dubbing, or a person living
with motor neuron disease (plwMND) may choose to replicate their
voice identity for use in augmentative and alternative communication
(AAC). A commonly-used term for synthesising a specific voice identity,
in particular using Al is “voice cloning”. Voice cloning, in comparison to
voice synthesis in general, implicates additional factors to the study of
human perception of synthetic voices, because cloned voices are
designed to invoke perceptual representations of familiar human

identities of varying self-relevance (i.e., one’s own voice clone vs. the
clone of a friend; McGettigan et al., 2024). Therefore, it is crucial to
explore how human listeners socially perceive these voices, whether
they replicate the voice of a stranger, a loved one, or their own.

1.1. Literature review

The human voice is a rich and dynamic source of information about a
person, conveying not only the speaker’s linguistic messages but also
cues to their psychological state, emotions, and identity (Lavan, 2023a;
Lavan et al., 2019; McGettigan, 2015; Scott & McGettigan, 2016).
Human adult listeners extract percepts of physical characteristics (e.g.
sex, age) and social traits (e.g. Trustworthiness, Dominance) from other
human voices rapidly (Lavan, 2023b; Lavan, Rinke, & Scharinger, 2024;
Mileva & Lavan, 2023) and with high agreement (Lavan, 2023b;
McAleer et al., 2014; Mileva & Lavan, 2023). The evaluation of social
traits — either from faces or voices — can be grouped into two key di-
mensions: warmth and competence, forming a universal social space
across sensory modalities (Cuddy et al., 2008; McAleer et al., 2014;

* Corresponding author. full address: Chandler House — 2 Wakefield Street, WC1IN 1PF, London, UK.

E-mail address: v.rosi@ucl.ac.uk (V. Rosi).

https://doi.org/10.1016/j.chbah.2025.100143

Received 18 December 2024; Received in revised form 13 March 2025; Accepted 19 March 2025

Available online 25 March 2025

2949-8821/© 2025 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0002-7024-8365
https://orcid.org/0000-0002-7024-8365
https://orcid.org/0009-0004-2574-0205
https://orcid.org/0009-0004-2574-0205
mailto:v.rosi@ucl.ac.uk
www.sciencedirect.com/science/journal/29498821
https://www.journals.elsevier.com/computers-in-human-behavior-artificial-humans
https://doi.org/10.1016/j.chbah.2025.100143
https://doi.org/10.1016/j.chbah.2025.100143
http://creativecommons.org/licenses/by/4.0/

V. Rosi et al.

Todorov et al., 2008). Warmth reflects traits like likeability, trustwor-
thiness, and attractiveness, while competence also signals dominance
and hierarchy. It has furthermore been shown that these social evalua-
tions can influence onward decision making, for example voting choices
in elections (Klofstad et al., 2015; Mileva et al., 2020; Tigue et al., 2012).
Thus, the perceived sound of a voice — regardless of the accuracy of that
percept (Lavan, 2024) — has implications for how its owner might be
judged and treated by other humans.

Modern synthesized voices may convey the same types of perceptual
information as natural voices. Past work has shown that listeners tend to
prefer listening to recordings of naturally-produced human voices
compared with synthetic stimuli (Balas & Pacella, 2017; Bruder et al.,
2023, pp. 170-171; Cabral et al., 2017; Kiihne et al., 2020). The current
reality is that in many cases synthetic voices no longer sound robotic and
monotone across the board, instead sounding very like natural human
voices (especially when enhanced with humanlike conversational
markers like dysfluencies and filled pauses; Dinkar et al., 2023). Indeed,
recent work examining human listeners’ perception of 17 traits from 46
synthetic voices found evidence that the social evaluation of these
artificial voice identities was underpinned by dimensions of Valence and
Dominance (Shiramizu et al., 2022) as had been previously reported in
studies of human voice perception (Baus et al., 2019; Guldner et al.,
2024; Mahrholz et al., 2018; McAleer et al., 2014) — although we note
that Shiramizu and colleagues did not explicitly link their findings to
subjective or objective naturalness measures.

Similarly to human voice perception, there are implications for how
the sounds of synthetic voices might affect how human listeners react to
artificial agents and/or human users of voice synthesis. For example,
there is an active discussion in fields such as computer science and
human computer interaction about the impacts of increasing naturalness
or “humanlikeness” in artificially-generated voices (Abercrombie,
Cercas-Curry, Dinkar et al., 2023). Authors have considered how giving
a humanlike vocal persona to a non-human agent, and thus inducing
anthropomorphism of that agent by human users, increases the risk of
negative outcomes such as inappropriate human-computer trusting be-
haviours, or even verbal sexual harassment of agents (e.g. agents with
ostensibly feminine personae; Cercas Curry et al., 2021; Cercas Curry &
Rieser, 2018). Some authors suggest that, while computer agents still do
not behave in fully human-like ways, it may be advisable to provide
them with voices that clearly signal the non-human status of the agent
(Abercrombie, Cercas-Curry, Dinkar et al., 2023; Wilson & Moore,
2017). It is therefore crucial to improve our understanding of synthetic
voice perception as the state-of-the-art evolves.

Voice cloning technologies allow for the artificial replication of any
voice, including those that are familiar. Previous research on natural
human voices suggests that listeners are likely to have sophisticated
mental representations of personally-familiar other voices, allowing for
highly accurate identity recognition (Kanber et al., 2022) and robust
speech recognition (Holmes & Johnsrude, 2020; Johnsrude et al., 2013).
There is also a body of work indicating that the self-voice has special
status amongst familiar voices, in terms of its perceptual prioritisation
(Kirk & Cunningham, 2024; Payne et al., 2021a, 2024; Rosi et al., 2024),
the brain’s response to hearing it (Graux et al., 2015; Pinheiro et al.,
2023), and its social evaluation (e.g., perceived Attractiveness; Hughes
& Harrison, 2013; Peng et al., 2019, 2020). Thus, it is important to
understand not only how synthetic familiar voices are perceived (and
how this differs from unfamiliar perception), but also whether percep-
tion differs depending on the level of self-relevance (i.e., self vs other).

1.2. Research gap and motivations

Most research on the perception of artificial voices today focuses on
their realism and naturalness (Balas & Pacella, 2017; Bruder et al., 2023,
pp.- 170-171; Cabral et al., 2017; Kiihne et al., 2020). Moreover, while
some recent studies have explored the perception of cloned voices
(Barrington & Farid, 2024; Lavan, Irvine, et al., 2024), they have not
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examined the social trait evaluation of voice clones from familiar voices
or the self-voice. This is of theoretical interest as research suggests dif-
ferences in how familiar and unfamiliar voices are perceived (Holmes &
Johnsrude, 2020; Johnsrude et al., 2013; Kanber et al., 2022), with one’s
own voice representing a unique case that may elicit distinct responses
(Hughes & Harrison, 2013; Kirk & Cunningham, 2024; Payne et al.,
2021b; Rosi et al., 2024). In this study, we extend these theoretical
questions about human voice perception to synthesized voices for
comparison.

1.3. Study design and predictions

In this study, we investigated the social trait evaluations of human
and synthetic voices. We recruited human participants in familiar pairs
of friends, where each member of the pair was recorded, and their voice
resynthesised using state-of-the-art voice cloning. In a perceptual
experiment, we collected ratings of four social traits — Attractiveness,
Trustworthiness, Dominance, and Competence — as participants listened
to original recordings and Al-generated speech in their own voice and
their friend’s voice (Task A). We selected these traits because they align
with the two primary dimensions of the social space representative of
the social evaluation of voices (Guldner et al., 2024; McAleer et al.,
2014; Oleszkiewicz et al., 2017). Specifically, Attractiveness and
Trustworthiness derive from the first dimension, while Competence and
Dominance derive from the second dimension. To examine how overall
familiarity affected ratings, we additionally tested a matched control
group of unfamiliar listeners who each rated one of the voice pairs.
Further tasks measured the perceived similarity of the stimuli to the
original speaker (Task B - familiar listeners only), the perceived simi-
larity between recordings and cloned stimuli from the same speaker
(Task C), as well as the listeners’ ability to distinguish cloned speech
from recordings (Task D).

We predicted that being familiar with the voice identities would be
associated with higher sensitivity to the cloning technology, in the form
of higher discriminability of clones from natural voice recordings and
lower ratings of perceived similarity between the clones and the original
identities (self, friend), compared with the responses of unfamiliar lis-
teners. Within familiar listeners, we further predicted higher sensitivity
to, and lower perceived similarity of, cloned stimuli of the self-voice
compared with the friend’s voice. Indeed, the self-voice is usually
experienced multimodally via both air- and bone-conduction sensory
information (Maurer & Landis, 2009; Orepic et al., 2023) - likely leading
listeners to be more inclined to reject a self-voice clone as a good likeness
of the self. However, a different profile of results might be expected if the
self-voice already sounds somewhat unfamiliar in recordings compared
with during speaking — here, we might expect that listeners could be
relatively less sensitive to distinguishing clones from recordings for their
own voice, compared with their friend’s voice.

Given previous research showing greater accuracy in perception of
familiar versus unfamiliar identities, as well as prioritisation of the self-
voice, we predicted that manipulating familiarity and self-relevance
would also impact the social evaluations of voices via trait ratings. For
overall effects of familiarity, we predicted that familiar listeners might
enjoy hearing the voices more than unfamiliar listeners (McGettigan,
2015) and thus afford them more positive evaluations, but might dis-
favour cloned voices if these are perceived as inauthentic. For the effect
of self-relevance (self vs. friend), some evidence suggests that listeners
explicitly dislike the sound of their own (recorded) voice (Holzman
et al., 1967; Lee et al., 2005; Naunheim et al., 2023), while other
research has suggested at least some implicit preference of the self-voice
relative to other (i.e. friend and unfamiliar) voices, specifically for rat-
ings of Attractiveness (Hughes & Harrison, 2013; Peng et al., 2019,
2020). Thus, it is unclear which of the two identities might be afforded
more favourable ratings by familiar listeners.
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2. Methods
2.1. Participants

100 adult participants took part in the study. The total number of
participants was determined by the study’s budget and timeframe. 50
experimental participants (Mean age = 22, Age range = 19-31, 36 fe-
male, 12 male, 2 preferred not to say) — comprising 25 pairs of close
friends, relatives, or partners — were recruited through the UCL Psy-
chology subject pool, as well as local networks such as UCL clubs and
societies through emails, social media, and personal networks. Pairs of
participants indicated how long they have known each other (ranging
from two months to beyond five years), and how often they speak to
each other (ranging from daily to monthly). They were first-language
speakers of English with a variety of self-reported accents (e.g.,
British, American, South Asian, Hong Kong). These participants were
aware that they were signing up for a study on voice cloning, in which
their own and a friend’s voice would be cloned. 50 control participants
(Mean age = 37, Age range = 18-65, 23 female, 27 male) were recruited
online through Prolific (prolific.co). They were first-language speakers
of English. Experimental participants completed an in-lab voice
recording session plus four additional online testing sessions — results
from the first of these online sessions are reported here. In total, 47
experimental participants completed the testing session and are
included in the final dataset, along with 47 control participants who
heard the same stimuli but were unfamiliar with the speakers.

Ethical Approval was obtained (SHaPS-2023-CM-038), and all par-
ticipants gave their informed consent prior to the testing. Participants
were rewarded at a rate of £9/hour for the recording session, plus £9/
hour for the remaining online sessions — a further bonus of £9 was
offered to participants who completed all online sessions, resulting in a
maximum payment of £36. Control participants completed one online
session only and were rewarded at a rate of £9/hour.

2.2. Materials

2.2.1. Words and sentences

For each speaker and sound type (i.e., clone, recording), the voice
samples consisted of 12 words (i.e., colours “blue”, “green”, “pink”, and
“red”; digits “one”, “two”, “seven”, “nine”; one syllable words “had”,
“hard”, “heed”, “who’d”) and four sentences from the IEEE Harvard
Sentences corpus (‘IEEE Recommended Practice for Speech Quality
Measurements’, 1969). All items were included in the online listening

tasks in both recorded and cloned versions.

2.2.2. Voice clones

Prior to the listening test, a recording session was conducted with
experimental participants (see Design & Procedure). A subset of these
recordings was used as stimuli in the online listening tasks, while the
remaining recordings were used to clone the participants’ voice identi-
ties. The cloning procedure was as follows: First, for each experimental
participant we created a concatenated voice sample from the recording
session, including read stories and spontaneous speech (~7-8 min). The
concatenated audio file was fed to the Instant Voice Cloning tool, a
generative speech synthesis model from ElevenLabs (https://elevenlabs.
io) to generate a voice clone for that participant. ElevenLabs’ text-to-
speech functionality was then used to generate the required word and
sentence stimuli for use in listening tasks. The generated stimuli were
inspected aurally for audio artefacts and regenerated or edited where
possible to generate artefact-free versions. Stimuli were also inspected to
verify that the cloned voice bore a reasonable accent match to the
original talker, as the Instant Voice Cloning tool does not guarantee ac-
cent accuracy. In cases where a mismatch was detected (e.g. UK speaker
cloned with US accent), stimuli were iteratively regenerated until a
suitable accent match was achieved. This was not possible in all cases,
thus the final stimulus set retains some of the expected variability in the
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outcomes of this cloning tool.

For both voice clones and voice recordings, we trimmed silences and
removed breaths, audio artefacts, and other noises using Librosa (VicFee
et al, 2015). All stimuli were resampled to 22050 Hz and
RMS-normalised using the Python library ffmpeg-normalise (https://gith
ub.com/slhck/ffmpeg-normalize).

2.3. Design & Procedure

Fig. 1 gives an overview of the experimental procedure for experi-
mental participants and control participants.

2.3.1. Recording session

Recording sessions were conducted in a soundproof booth at UCL’s
Department of Psychology. The voices of experimental participants were
collected using a RODE NT1-A microphone, with recording instructions
provided on-screen via the Gorilla Experiment Builder testing platform
(Anwyl-Irvine et al., 2020). The session comprised two main parts. In the
first part, participants read aloud 12 words (repeated twice) and 35
Harvard sentences. A single recording sample was selected for each of
the 12 words and four sentences (see Words and Sentences) to compile
the set of voice samples used in the listening test. The second part of the
recording session involved collecting various speech styles (i.e., read
speech, spontaneous speech) from the participants, which served as
references for creating cloned voice identities (see Voice clones). Read
speech samples were obtained by having participants read Aesop’s fable
The North Wind & the Sun story and Arthur the rat (Sweet, 1890), while
spontaneous speech samples involved participants describing two Dia-
pix images (Baker & Hazan, 2011) for 1 min 30 s and providing a 2-min
summary of their morning routine.

2.3.2. Online testing

Participants were invited to do the listening test online via the
Gorilla Experiment Builder (gorilla.sc). They were asked to use a com-
puter to complete the session and ensure that they were in a quiet
environment with minimal background noise. They were also asked to
wear headphones and to do a sound check prior to the task. During the
test, they used a mouse or trackpad to submit responses.

For experimental participants, the listening test consisted of four
tasks, Task A, Task B, Task C, and Task D. Control participants only
completed Task A, Task C, and Task D.

Before completing the listening tasks, all participants were made
aware that they would hear a mixture of real recordings and voice
clones. This was to control for the fact that the experimental participants
already expected to hear voice clones, based on the information they
were given when recruited to the study.

2.3.3. Task A - trait ratings

In this task, participants rated recorded and cloned stimuli from two
voice identities on four trait scales: Attractiveness, Competence, Domi-
nance, and Trustworthiness. During each trial, participants listened to a
voice sample and rated the intensity of a specific trait using a slider
ranging from O (not at all <trait>) to 100 (very <trait>). For example,
when assessing Attractiveness, participants responded to the question,
“How attractive is the voice you just heard?” from not at all attractive to
very attractive. Blocks were organised by trait and voice identity (i.e.,
self, friend), and presented in a randomised order. Each block consisted
of 32 trials - 16 stimuli per sound type (12 words; 4 sentences). On
average, the task lasted 20 min. The procedure was identical for both
participant groups apart from the labelling of the identities (You and
Your Friend for experimental participants, who heard recordings and
clones of these familiar voice identities; Voice A and Voice B for control
participants).

2.3.4. Task B — similarity to real voice
For this task, experimental participants rated the similarity of the
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Fig. 1. Overview of the experimental design.

voice stimuli in relation to the real voices from which they were
generated. In each trial, participants listened to a voice sample and
responded to the question “How much does it sound like you/your
friend?” using a slider ranging from O (not at all) to 100 (a lot). Blocks
were organised by voice identity and presented in a randomised order.
Each block consisted of 32 trials — 16 stimuli per sound type. On average,
the task lasted 6 min. Control participants did not take part in this task as
they were not familiar with the identities they heard in the study.

2.3.5. Task C - similarity clone-recording

In this task, all participants rated the similarity between voice clones
and voice recordings from the same speaker. In each trial, participants
listened to a voice clone and a voice recording from the same speaker
and with the same word content, and responded to the question “How
similar are these two voices?” using a slider ranging from 0 (not at all) to
100 (very). The order of the sounds (i.e., clone, recording) was rando-
mised per trial. Blocks were organised by identity and presented in a
randomised order. Each block consisted of 16 trials. On average the task
lasted 3 min.

2.3.6. Task D — clone detection

Here, experimental participants were requested to identify the clone
within pairs of recorded and cloned voice samples. In each trial, par-
ticipants listened to a pair of voice samples, including one clone and one
recording of the same word or sentence. They then responded to the
question “Which one is the clone?” by clicking an onscreen button on the
left (for the first sound) or right (for the second sound) of the screen. The
order of the sounds (i.e., clone, recording) was randomised per trial.
Blocks were organised by voice identity and block order was rando-
mised. Each block consisted of 16 trials. On average, the task lasted 2
min. The voice identities were presented to experimental participants as
You and Your Friend, and to control participants as Voice A and Voice B.

For each task, we presented vigilance tests at random locations
within the sequences of trials. For these tests, participants had to select a
number between 1 and 6 that was announced to them beforehand.

2.4. Data analysis

We analysed four types of dependent variable based on participants’
responses: trait ratings on four scales (task A), ratings of similarity to the
real voice (Task B), ratings of similarity between clones and recordings
(Task C), and sensitivity to clone detection (Task D).

For Tasks A, C and D, we assessed the impacts of self-relevance and
familiarity on voice perception in two separate analyses. Specifically,
the analysis of self-relevance (i.e., self vs. friend) only included data

from the experimental group (i.e., familiar listeners for whom the two
specific identities were meaningful), while the analysis of familiarity
included both experimental and control groups (i.e., familiar and un-
familiar). In the rest of the paper, we will refer to the experimental group
as familiar listeners, and the control group as unfamiliar listeners.

Due to the acoustic, prosodic, and linguistic differences between
words and sentences, we report separate analyses for these two types of
materials.

2.4.1. Task A

The first model included trialwise ratings from familiar listeners
only, with Voice Identity (self, friend) and Sound Type (recording, clone)
as fixed factors and participant as a random intercept. The second model
included ratings from familiar and unfamiliar listeners, with Familiarity
and Sound Type as fixed factors and participant as a random intercept:

Trait ~ Voice Identity*Sound type + (1|Participant)

Trait ~ Familiarity*Sound type + (1|Participant)

The models were repeated for each trait scale: Attractiveness,
Trustworthiness, Dominance, and Competence.

2.4.2. Task B

This analysis included trialwise ratings from familiar listeners only,
with Voice Identity (self, friend) and Sound Type (recording, clone) as
fixed factors and participant as a random intercept.

Similarityreq voice ~ Voice Identity*Sound type + (1|Participant)

2.4.3. Tasks A and B

Combining data from Tasks A and B for familiar listeners only, we
investigated the effects of Voice Identity (self, friend) and Similarity on
trait evaluation of cloned voice samples.

Trait ~ Voice Identity*Similarityeq yoice + (1|Participant)

2.4.4. Task C

Similarly to Task B, the analysis of Similarity between voice clones
and voice recordings was examined with two models. The first model
included ratings from familiar listeners only, with Voice Identity as a
fixed factor and participant as a random intercept. The second model
included ratings from both familiar and unfamiliar listeners, with Fa-
miliarity as a fixed factor and participant as a random intercept.

Similaritycione-recording ~ Voice Identity + (1|Participant)

Similarity cione-recording ~ Familiarity + (1|Participant)
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2.4.5. Task D

Sensitivity to clone detection (d") was first assessed by comparing the
mean d'values from familiar listeners and unfamiliar listeners with 0 —a
value indicating the inability to distinguish clones from recordings, or
chance level — with one-sample t-tests. Then we investigated the impact
of Voice Identity and Familiarity with two mixed models. The first model
included ratings from familiar listeners only with Voice Identity as a fixed
factor and participant as a random intercept. The second model included
ratings from familiar and unfamiliar listeners, with Familiarity and Sound
Type as fixed factors and participant as a random intercept.

d ~ Voice Identity + (1|Participant)

d ~ Familiarity + (1|Participant)

To calculate unbiased d’ scores, we classified participants’ correct
identification of the clone when it was the first sound (out of two) as Hit,
and their incorrect identification of the clone when it was the second
sound as False Alarm. Then, we applied a log-linear correction to the
score for cases involving 100 % Hits or 0 % False alarms (Stanislaw and
Todorov, 1999).

For each model, we tested the significance of the interactions and the
effects by performing likelihood ratio tests with the afex package in R
(version 4.4.1). Depending on the significance of the factors and their
interactions, we ran post hoc pairwise comparisons using emmeans with
a Bonferroni correction.

3. Results

As a result of the vigilance tests, no participant was excluded for the
analysis.

Due to the smaller number of samples in the sentence dataset and the
similarity of trends between word and sentence results, we focus here on
the responses to words. See the Supplementary Material for a detailed
analysis of the sentence data.

First, we present the analyses of Task D (clone detection), Task B
(similarity to the real voice ratings), and Task C (similarity clones vs.
recordings) to illustrate listener sensitivities to cloning technology and
its outcomes. Second, we present results related to trait perception from
clones and recordings (Task A). Finally, we report results of the com-
bined analysis of Task A and Task B data.
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3.1. Sensitivity to voice cloning

Fig. 2(A) illustrates listener sensitivity to discriminate voice clones
from voice recordings. One-sample t-tests against O revealed that for d’
values from familiar listeners were significantly above chance level
when listening to either their own voice or their friend’s voice (self: M =
2.13, CI = [1.84, 2.41], t(46) = 15.10, p < .001; friend: M = 1.91, CI =
[1.60, 2.22], t(46) = 12.36, p < .001), indicating successful discrimi-
nation. In contrast, unfamiliar listeners did not exhibit d’ values signif-
icantly different from 0 (M = —0.14, CI = [-0.50, 0.21], t(46) =-0.81, p
= .420), suggesting an inability to reliably differentiate clones and re-
cordings. Importantly, we note that individual performances covered
the whole range of identification accuracy, from highly accurate iden-
tification to consistent misidentification of recordings as clones. Mixed
model analysis revealed that there was no significant effect of Voice
Identity (y*(1) = 1.13, p = .289) in the responses provided by familiar
listeners only. However, in an analysis of all listeners there was a main
effect of Familiarity (Xz(l) = 76.74, p < .001) revealing that familiar
listeners were significantly better than unfamiliar listeners at dis-
tinguishing recordings from clones.

Fig. 2(B) illustrates how familiar listeners rated voice clones and
voice recordings for perceived similarity to the real voices of themselves
and their friend. Although there was a significant interaction between
Voice Identity and Sound Type (Xz(l) = 4.91, p = .027), post hoc com-
parisons indicated that perceived similarity was significantly lower for
clones than recordings for both voice identities (ps < 0.001), while
differences between the voice identities self and friend were non-
significant for both recordings and clones.

Fig. 2(Q) illustrates how listeners rated the similarity of pairs of voice
clones and voices recordings. We found no significant main effect of
Voice Identity (2(1) = 0.49, p = .482) in the responses provided by
familiar listeners only. Additionally, there was no main effect of Famil-
iarity (3(1) = 1.11, p = .292) in the responses provided by all listeners.

3.2. Social evaluations of recorded and cloned voices

Fig. 3 illustrates significant and non-significant interactive effects of
the model fixed factors on mean ratings of the four traits — Attractive-
ness, Competence, Dominance, and Trustworthiness — for voice clones
and voice recordings. Fig. 3(A) plots the interactive effects of Voice
Identity and Sound Type on trait ratings provided by the experimental
group (familiar listeners). We observed a significant two-way interac-
tion between Voice Identity and Sound Type for Attractiveness but not for
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0. B. Similarity to the real voice as evaluated by experimental participants (i.e., familiar listeners) in Task B. C. Similarity between voice clones and voice recordings
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the other traits. There were significant main effects of Voice Identity and
Sound Type for Competence (friend > self; recording > clone) and for
Dominance (friend > self; clone > recording), and a significant main
effect of Sound Type only for Trustworthiness (recording > clone). Fig. 3
(B) shows the significant interactive effects of Familiarity with Sound
Type on all trait ratings. See Table 1 for the full list of significant main
effects and interactions, along with post hoc pairwise comparisons for
each trait and each model.

3.3. Social evaluations and similarity to the real voice

We observed non-significant interactions between Voice Identity and
Similarityyeq) yoice for all of the trait scales. There was a main effect of
Similarityreq) voice fOr Attractiveness (Xz(l) =39.8, p <.001), Competence
(*(1) = 18.0, p < .001), Dominance (x*(1) = 4.09, p = .043), and
Trustworthiness (Xz(l) =59.6, p < .001). Fig. 4 shows the contribution
of Similarityyeq voice for each trait along with a summary of the corre-
sponding statistics.

4. Discussion
4.1. Main findings

We present a detailed examination of the impacts of state-of-the-art
voice cloning technology on listeners’ perception and social evaluation
of voice stimuli. While both familiar and unfamiliar listeners gave higher
Dominance ratings to voice clones than voice recordings, the groups
otherwise dissociated in terms of whether they rated clones or re-
cordings more highly on Attractiveness, Competence, and Trustworthi-
ness. Within this, familiar listeners additionally tended to afford higher
ratings to the voice of their friend, compared to their own. These ob-
servations are contextualised within overall differences in listeners’
sensitivity to cloning: familiar listeners were highly accurate at dis-
tinguishing clones from recordings, while unfamiliar listeners showed
highly variable performance at the individual level. Furthermore,
familiar listeners’ social evaluations of cloned stimuli were dependent

on their perceived similarity to the “real” voice of the original speaker.
Overall, our findings indicate that state-of-the-art voice synthesis can
now create highly naturalistic and humanlike stimuli that, for unfamiliar
listeners, can be both indistinguishable from human recordings yet
simultaneously distinct in character from them, while having multifac-
eted impacts on familiar listeners with pre-existing representations of
the original speakers.

4.2. The impact of familiarity and self-relevance on clone detection

Results from the clone detection task showcase the remarkable ad-
vancements in voice cloning technology. At the group level, our findings
replicate the results of other recent studies reporting that, on average,
Al-generated clones of unfamiliar voices are perceived to be equally
human to recordings of the corresponding human speakers (Barrington
& Farid, 2024; Lavan, Irvine, et al., 2024). We note that the ability of
familiar listeners to readily and accurately distinguish voice clones from
voice recordings may be, to some extent, task based: Given the nature of
the experiment, they anticipated hearing one of two well-known voice
identities, enabling them to compare each sound to their mental repre-
sentation of the original speaker. Any deviation from that representation
- such as differences in voice quality, speech rate, accent, and more —
could have acted as an indicator of a voice clone. Indeed, we observed
large effects of Sound Type (i.e., clone vs. recording) in familiar listeners’
rating of the similarity between the heard sound and the “real” voice of
the speaker, where the recordings were judged to be much more similar
than the clone. We did not observe any systematic effects of
self-relevance (self vs. friend) on clone detection or similarity judge-
ments. This indicates that, at least in the context of evaluating voice
identity, there is no apparent advantage or disadvantage for the
self-voice despite it being experienced differently from during speech (i.
e., by air-conduction rather than additionally via bone-conduction; see
Orepic et al., 2023).
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Table 1

— Mixed model analyses for trait evaluations on voice clones and voice re-
cordings for (a) familiar listeners only (factors: Voice Identity, Sound Type) and
(b) all listeners (factors: Familiarity, Sound Type).

(@)  Trait Effect Post hoc
Attractiveness Interaction Xz(l) =12.46, p Friend-Record > Self-Record
<.001 (p < .001)
Friend-Clone > Self-Clone
(p =.023)
Friend-Record > Friend-
Clone (p < .001)
Competence Interaction ¥*(1) = 0.00,p=  Friend > Self
.953
Voice ID x*(1) =5.58,p = Record > Clone
.018
Sound X)) =5.43,p =
Type .020
Dominance Interaction ¥*(1) =0.01,p = Friend > Self
.904
Voice ID x*(1) = 30.21, p Clone > Record
<.001
Sound ¥(1) =19.63, p
Type <.001
Trustworthiness  Interaction xz(l) =0.02,p = Record > Clone
.878
Voice ID $*(1) = 3.06, p =
.080
Sound ¥*(1) = 138.6, p
Type <.001
(b) Trait Effect Post hoc
Attractiveness Interaction X2(1) = 37.06, p Familiar-Record > Familiar-
< .001 Clone (p < .001)
Competence Interaction  x*(1) = 70.97,p  Unfamiliar-Record >
< .001 Unfamiliar-Clone (p < .001)
Dominance Interaction  y*(1) =24.97,p  Familiar-Clone > Familiar-
< .001 Record (p < .001)
Unfamiliar-Clone >
Unfamiliar-Record (p < .001)
Trustworthiness  Interaction Xz(l) = 155.79, Familiar-Record > Familiar-

p <.001

Clone (p < .001)
Unfamiliar-Clone >
Unfamiliar-Record (p < .001)
Familiar-Record >
Unfamiliar-Record (p < .001)

The Post hoc column reports pairwise comparison t-tests in the case of a sig-
nificant interaction or fixed effect. In cases with a significant interaction, main
effects are not reported; non-significant post hoc tests are not reported. Record =

Recording.

4.3. Familiarity shapes social perception of voice clones

Across ratings of four perceived social traits from all participants, we

found repeated evidence of the effect of Familiarity in interaction with
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Sound Type. The profiles varied across traits: for Attractiveness, familiar
listeners rated recordings higher than clones while unfamiliar listeners’
ratings showed no effect; for Competence, familiar listeners rated re-
cordings and clones equivalently while the unfamiliar listeners rated
clones more highly than recordings; for Dominance, both groups gave
higher ratings to clones but the effect was more pronounced in unfa-
miliar listeners; for Trustworthiness, familiar listeners gave higher rat-
ings for the recordings while the unfamiliar listeners rated the clones
more highly. In the research literature on social evaluation of voices and
faces (McAleer et al., 2014; Todorov et al., 2008), percepts of attrac-
tiveness and trustworthiness are associated with an underlying dimen-
sion that is associated with a concept of warmth (Cuddy et al., 2008; Lan
et al., 2022). Dominance and competence are typically associated with a
dimension orthogonal to warmth, often labelled after one of these traits
(Anderson & Kilduff, 2009; Cuddy et al., 2008). Here, the overall profile
of responses indicates that for familiar listeners, recorded voices are
perceived as higher in warmth than clones, but not necessarily in
Competence/Dominance. In contrast, for unfamiliar listeners, clones are
clearly perceived as higher in Competence/Dominance, as well as higher
in warmth.

For unfamiliar listeners, voice clones generated an equivalent sense
of humanness to human recordings on average, but conveyed distinct
social traits. Surprisingly, where previous studies have reported lower
ratings of warmth-related traits such as Likeability and Trustworthiness
for artificial voices relative to human recordings (Bruder et al., 2023, pp.
170-171; Cabral et al., 2017; Kiihne et al., 2020), we observed enhanced
ratings on the warmth dimension. This has implications for how listeners
might evaluate cloned voices in everyday situations. While the literature
has explored the anthropomorphic effects of adding voices to machines
(Eyssel et al., 2012; Festerling & Siraj, 2022), there is less focus on the
significance of convincingly humanlike artificial voices that sound more
appealing and more able than real humans (i.e., higher Trustworthiness,
Competence, and Dominance). According to the stereotype content
model (Cuddy et al., 2008; Fiske et al., 2007), a combination of high
perceived warmth and competence in others provokes feelings of
admiration, which may lead to behaviours including both active and
passive facilitation of the other (i.e., “acting for” and “acting with”). In
the context of our study, the generated voice clones might have been
more effective in gaining human listener trust and fostering stronger
acceptance of the voice’s expertise or authority (Abercrombie,
Cercas-Curry, Dinkar et al., 2023).

Familiar listeners evaluated voice clones as lower in warmth than
human recordings, but provided only partial evidence for enhanced
competence as clones were only rated higher on the Dominance scale.
Here, the findings are influenced by the listeners’ familiarity with the
two voice identities they expected to hear, and their high sensitivity to
imperfect replicas of these familiar voices. Familiar listeners were very
successful in distinguishing clones from recordings, and thus their
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overall lower ratings of clones on the warmth dimension may reflect
their awareness that the voice clones are inauthentic replicas of them-
selves and their friend (see Pisanski & Reby, 2021 on detection of
deception through voice modulation). While Dominance appears less
affected by low authenticity (see Figs. 2 and 3), the ambiguous trend of
Competence for clones compared to recordings may result from
opposing influences: reduced authenticity weakening perceptions of the
notionally positive attribute of Competence (Christoforakos et al.,
2021), while having less of an effect on the arguably more
neutrally-valenced quality of Dominance.

4.4. The interplay of self-relevance and familiarity

A closer assessment of familiar listeners’ responses revealed unex-
pected effects of familiarity and self-relevance on the social evaluations
of clones and recordings. First, despite clear interactive effects of Fa-
miliarity and Sound Type on social evaluations, post hoc tests revealed
only one simple effect of Familiarity, specifically for ratings of Trust-
worthiness of recorded voices. While the perceptible inauthenticity of
clones might have impacted their social evaluation, we expected a fa-
miliarity preference for recorded voices on one or more traits: for
example, several authors have reported enhanced attractiveness ratings
for recordings of personally familiar and self-relevant voices (self,
friend, and self-similar identities) compared with unfamiliar voices
(Hughes & Harrison, 2013; Peng et al., 2019, 2020). It may be that such
effects are more detectable in within-subjects designs, where listeners
rate both familiar and unfamiliar identities in the same tasks. Second, we
found numerous effects of self-relevance (self vs. friend) on the familiar
listeners’ ratings of both recordings and clones, with listeners affording
higher ratings of Attractiveness, Competence, and Dominance to their
friend’s cloned and recorded voice compared to their own voice. Our
findings for Attractiveness contradict recent evidence for self-voice
enhancement relative to a friend’s voice (Peng et al., 2020). Instead,
they align with claims that the experience of hearing a recording of the
self-voice is relatively disliked due to its mismatch with the multimodal
experience of the self-voice during speaking (Holzman et al., 1967; Lee
etal., 2005; Naunheim et al., 2023). Here, neither the recordings nor the
clones of the self-voice replicated the perceptual experience of
self-speech, potentially making them less appealing than the friend’s
voice that is typically experienced as an audio signal. Finally, social
desirability bias may also play a role here, where participants’ natural
tendency toward self-deception (i.e., viewing the self favourably) was
over-ridden by impression management (i.e., not wanting to appear
egotistical to the researchers; Graeff, 2005). Similarly, Hughes and
Harrison (2013) have claimed that the self-enhancement effect for voi-
ces depends on listeners being unaware of the presence of their voice
within a task. However, the strong predictive relationship between
greater perceived similarity to the “real” voice and high ratings on the
warmth dimension in our study indicates that, even with explicit
awareness that recordings and clones originated from the self, listeners
overall endorsed the notion that “what sounds like me sounds good”.

4.5. Principal implications

What are the implications of our findings for potential use cases of a
model producing convincing voice clones of a known person? First, we
note that familiar listeners’ mean ratings of clones for Attractiveness,
Competence, and Trustworthiness were all in the upper half of the scale.
This suggests that cloned voices were evaluated rather positively on
average. Second, our findings on similarity and trait ratings suggest that
listeners encountering a clone of someone they know will likely be very
sensitive to its authenticity, and where authenticity is lacking it may
negatively impact users’ engagement with that voice. Third, we didn’t
see any evidence for differences in the detectability or perceived simi-
larity of self-voice clones compared to clones of the friend’s voice. This
suggests that evaluations of voice similarity for cloning use cases can be
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treated equivalently across different personally-relevant identities.
However, there may be mixed outcomes when a cloned voice represents
the self in spoken communication (e.g., with AAC devices), as Attrac-
tiveness ratings from familiar listeners suggest that friends and family
may have more favourable responses to a cloned voice than the user
themself. With this in mind, it will be instructive to further investigate
the trade-offs of self-likeness (how much the voice clone resembles the
original voice) versus self-representativeness (i.e., how well the clone
conveys the identity of the speaker) in voice cloning use cases, especially
if uncanny effects emerge. For example, it may be preferable to use a
voice identity conveying key aspects of the user’s personal identity (such
as accent, gender, and delivery style) without attempting to replicate
their specific vocal identity (Sutton et al., 2019, pp. 1-14; Zhang et al.,
2021).

4.6. Research limitations and future works

The inspection of the individual participant data from our clone
detection task (see Fig. 2(A)) reveals substantial variability in perfor-
mance: while some control participants were systematically selecting a
human voice recording as the clone (suggesting a “hyperrealism” effect;
Miller et al., 2023; Nightingale & Farid, 2022; Tucciarelli et al., 2022),
other unfamiliar listeners performed with high accuracy (suggesting
that there are perceptible cues that can be used to detect Al-generated
audio). This variability, which was much more pronounced in the con-
trol group than in the experimental group, may stem from the de-
mographic diversity of our control participants, particularly regarding
age or gender. Some recent work has identified possible demographic
factors that might affect observers’ sensitivities to Al-generated stimuli,
including age, experience with Al, and critical thinking (Herrmann,
2023; Hulzebosch et al., 2020; Pehlivanoglu et al., 2024). Future work
with larger samples of human and cloned voice identities should
examine the impacts of demographic factors on the perception of arti-
ficial voices in more detail.

In our experiments, we used a generative speech model that was not
fine-tuned to the characteristics of the original speakers. Thus, it does
not achieve the best performance for the voice cloning task in term of
likeness to the real voice. A model better fitted to the cloning of one
voice identity would produce clones with higher perceived similarity to
the original voice, potentially neutralising or even reversing the nega-
tive evaluation of clones relative to recordings observed here. This idea
is supported by the finding that greater perceived similarity to the real
voice predicted higher ratings on all four trait scales (with a weaker
predictive relationship for Dominance). However, it remains unclear
whether models achieving near-perfect similarity would uncover an
“uncanny valley”, where social evaluations of these vocal identities
would be penalised due to experiences of eeriness (Kiihne et al., 2020;
Romportl, 2014). Future work could explore the relationship between
clone resemblance and social evaluation in a more controlled manner,
for example by parametrically varying the perceived similarity of voice
samples to the original speaker (e.g. using voice morphing). On the other
hand, the speech synthesis process of the model we used may have
enhanced social qualities in generated voice clones as an unintended
by-product of models optimised for speech intelligibility and naturalness
(i.e., evoking perceptual stereotypes or halo effects). Future work should
investigate whether these findings generalise across state-of-the-art
models, and how these social evaluations might impact listener
decision-making and behaviours (e.g. financial investment; Torre et al.,
2018, pp. 1-6).

When considering the overall advantage of familiar over unfamiliar
listeners here, we have contrasted high personal familiarity of the self
and a friend in the experimental group with a total lack of presumed
familiarity with those identities in the control group. Previous research
has demonstrated a perceptual advantage for both familiar voices and
the self-voice over unfamiliar voices at an individual level, but in this
study, we were unable to directly compare the evaluation of familiar or
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self-relevant voices to unfamiliar voices within the same individuals.
Therefore, future studies should investigate this relationship using
within-subject designs, where listeners rate both familiar and unfamiliar
identities within the same tasks. In the same vein, it has been shown that
relatively short periods of lab training can lead to advantages in identity
recognition (Kanber et al., 2022) and speech recognition (Har-shai
Yahav et al., 2024; Holmes & Johnsrude, 2020). It would be of interest to
explore whether lab training to recognise an identity from voice re-
cordings improves discriminability of clones of the same identity and
matches performance for familiar identities (see Domingo, Holmes, &
Johnsrude, 2020; Holmes, To, & Johnsrude, 2021).

5. Conclusion

We have found that Al voice clones are already highly humanlike,
with widespread impacts on the evaluation of their social traits. The
current state-of-the-art for low-input, low-cost cloning used in the cur-
rent study generates unfamiliar Al voices apt to increase the anthropo-
morphism of machines and machine-generated speech, with specific
risks for increased human compliance and over-trusting. In contrast,
while the clone of a familiar voice identity may fail to fool a listener in a
phone scam, it may also fall short of being convincing in intentional use
cases (e.g., assisted communication) if it lacks sufficient similarity to the
original speaker’s voice. Future research should first explore the
perceptual and acoustic drivers influencing Al voice clone detection,
second delineate the individual differences in listeners’ skills and pre-
conceptions toward artificial voices, and third characterise the re-
lationships between the similarity of a voice clone to the original voice
and its acceptance by listeners/users. For all of these, it will also be
crucial to examine the effects in more ecologically valid contexts that
take account of factors such as deep fake and misinformation base rates
(i.e., for unfamiliar clone detection), as well as contextualised use cases
with relevant stakeholders (e.g., synthetic voice selection and use by
plwMND).
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