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Abstract

The Self-Prioritisation Effect (SPE) reflects the ability to efficiently discern self-relevant
information. The self-voice emerges as a crucial identity marker, due to its inherent self-
relevance, and previous work has demonstrated the perceptual and cognitive advantages
of the self-voice over other voices. Yet, the extent to which humans prioritise their self-
voice when they hear it is because it is both self-similar (“That sounds like my voice”) and
self-generated (“I said that”) remains understudied. Here, we examined impacts of self-
similarity and self-generation on the SPE through 3 experiments. In each experiment,
participants learned associations between three voices and three identities (self, friend,
other), then performed a task requiring them to perceptually match the heard voices with
visual labels (“you”, “friend”, “stranger”). Experiment 1 revealed an augmented SPE when
the self-associated voice in the task was the participant’s own self-similar and self-
generated voice. In Experiment 2, the SPE was diminished when the self-voice was
associated with the “stranger” label - here, the other-associated, but self-similar and self-
generated, voice was similarly prioritised to a self-associated but unfamiliar voice. In
Experiment 3 we investigated the role of self-generation, by associating the self with a
self-similar but machine-generated audio clone of the participant. The SPE was again
enhanced. In sum, we demonstrate that listeners show flexibility in their mental
representation of self, where multiple sources of self-related information in the voice can
be jointly and severally prioritised, independently of self-generation. These findings have

implications for the application of self-voice cloning within voice-mediated technologies.
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Public Significance Statement

The human voice is a highly self-relevant stimulus and an important expression of self-
identity. Here we show that voices whose self-relevance is enhanced by being acoustically
similar to the self, or by being associated with the self in a task, are perceived faster and
more accurately. We also harness state-of-the-art voice cloning technology to show that

self-similar voices are prioritised even when they are machine generated.



Introduction

Humans possess the ability to quickly and efficiently recognise information relevant to
their own identity. Crucially, the self-voice emerges as one of the most significant identity
markers due to its high perceptual familiarity and its self-generated nature (McGettigan,
2015) - for a voice to exist, an action needs to occur, thus tightly linking this familiar
auditory marker of self identity to speaker’s agency over their vocal anatomy. Therefore,
beyond the perceptual biases brought by bone conduction during speech production
(Maurer & Landis, 2009; Orepic et al, 2023), the memory of self-generated vocal
information is also an important factor of self-recognition as a proof of our identity
(Mulligan & Lozito, 2004). Numerous experiments have indicated that both perceptual
and cognitive processing of the self-voice benefits from its self-relevance in comparison
to other voices (Candini et al., 2014; Hughes & Harrison, 2013; Pinheiro et al., 2019; Xu et
al., 2013). However, the extent to which people perceptually prioritise their own voice,

precisely because it is self-relevant and self-generated, needs further investigation.

A wealth of studies has shed light on how previously unfamiliar information can become
self-relevant and be subsequently prioritised, an effect known as the Self-Prioritisation
Effect (SPE)(Golubickis et al., 2020; B. Payne et al,, 2021; S. Payne et al., 2017; Schifer et
al,, 2016; Sui et al.,, 2012). In their seminal study, Sui et al., (2012) employed a perceptual
matching paradigm to investigate self-prioritisation. Specifically, they explored the
degree to which a geometric shape was perceptually prioritised when associated with the
self. To do this, participants were taught three pairings between shapes and the labels

“YOU”, “FRIEND”, and “STRANGER”. Subsequently, participants were asked to decide as



quickly as possible whether a shape presented onscreen matched the pre-associated
label. Participants demonstrated quicker and more accurate recognition of the shape
associated to the self (i.e. “YOU”) relative to the other shapes. These results unveiled how
ownership over a stimulus yields perceptual prioritisation. This finding has been
replicated with different stimuli in numerous studies, demonstrating the ability to
broaden the concept of self-relevance to unfamiliar information (Golubickis et al., 2020;

Schéfer et al,, 2016; Sui et al., 2014; Sui & Humphreys, 2017).

Using this perceptual matching paradigm, B. Payne et al. (2021) provided evidence that
even unfamiliar voices - which are, inherently, signals relating to others (and their
actions) and not to oneself - can become self-relevant and prioritised via perceptual
matching. Until recently, the perceptual matching paradigm has, purposefully, only
explored the degree of prioritisation afforded to previously unfamiliar stimuli. Yet, Kirk &
Cunningham (2024) have newly demonstrated that when it is not an unfamiliar voice that
is self-associated but, rather, one’s own recorded voice, the degree of prioritisation
afforded to that voice is greater than that applied to an unfamiliar and newly self-
associated voice. This may not be surprising, but it highlights that the “true” self-voice,
when heard as a recording, garners an enhanced degree of prioritisation, likely because
it is inherently self-relevant, due to numerous factors including it being both self-similar

(“That sounds like my voice”) and self-generated (“I said that”).

As a cognitive construct, the mental representation of self is regarded as flexible through
time and composed of multiple parameters relative to a social context (Oyserman et al.,

2012; Sforza et al,, 2010). For example, in a study using perceptual matching with faces,
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S. Payne et al. (2017) demonstrated that the self-relevance of newly self-associated
information may be neither complete, nor long-lasting. Before and after the perceptual
matching task, participants assessed the similarity between their self-face and morphed
images including both the newly self-associated face and their self-face. While the
perceptual matching task showed an SPE, there was no consequent increase in the

perceived similarity between the newly associated face and the participant’s self-face.

The flexibility of the self has also been observed for voice perception. Using perceptual
matching, Kirk & Cunningham (2024) proposed to swap the ownership of voices by
associating participants’ own recorded voice to other identities (i.e, “FRIEND” or
“STRANGER”) and an unfamiliar voice to the self. As a result, they consistently observed
the perceptual prioritisation of participants’ self-voice, regardless of the identity with
which the self-voice was temporarily associated in the task - although the absence of data
from control listeners meant that they were unable to account for self-prioritisation
independent of stimulus effects (as their three independent participant groups each
contributed, by design, a unique set of self-voice recordings). An observed consistency in
self-voice prioritisation could be explained by the attentional capture ability of the self-
voice (Conde et al,, 2018; Daryadar & Raghibi, 2015; Pinheiro et al., 2023) and self-related
information in general (Alexopoulos et al., 2012; Brédart et al., 2006; Ocampo & Kahan,
2016). The finding that the self-voice was prioritised, regardless of the in-task
association, suggests that prioritisation may be hierarchical based on stimulus self-
relevance. Specifically, one’s self-voice, as a stimulus both resemblant of and generated by
the self, is prioritised more highly than a new voice, which has not been self-generated,

nor (at least by design) resembles the self, and is only temporarily self-relevant.



Previous findings showing dissociable effects of voice ownership and agency on early
neural responses to heard speech stimuli (Hubl et al., 2014) suggest that the prioritisation
of voices may be separably influenced by factors related to self-similarity and self-
generation. To address the relationship between self-relevance and voice prioritisation
we propose above, we therefore need to better understand the contributions of self-
similarity and self-generation as components of self-relevance for voice perception.
Specifically, we can ask whether self-similarity and self-generation are independently apt
to enhance voice prioritisation, or whether there are contingencies: For example, given
the nature of the self-voice as intrinsically linked to bodily agency, any enhanced
prioritisation of one’s own self-voice relative to a newly self-associated voice (see Kirk &
Cunningham, 2024) may be dependent on having produced the voice recording oneself.
This is important, because advanced deep-learning tools have recently enabled the highly
natural synthesis of human voice identities. Known as voice cloning, this process
commonly relies on generative models that capture key identity markers in a voice, such
as timbre and fundamental frequency, to automatically produce speech through text-to-
speech synthesis (Arik et al.,, 2018). Thus, these models can generate speech with high
acoustic and perceptual similarity to a speaker’s own self-voice, even if the resulting
content was never self-generated. Importantly, if a person’s cloned voice is as self-relevant
for voice perception as their own self-voice, it could offer great benefits to individuals
with motor neurone diseases who are losing capacity for speech motor control (Cave &
Bloch, 2021). By leveraging voice cloning, it would be possible to investigate the
perceptual prioritisation that individuals may assign to a self-similar but not self-

generated artificial voice. Recent evidence that a sense of ownership over a non-self-



generated, non-self-similar synthesised voice identity was alone sufficient for it to
become perceptually prioritised (Payne et al., 2024) suggests that synthetic voices indeed

offer a suitable medium for investigating self-voice prioritisation.

In the present study, we therefore investigated how, as aspects of overall self-relevance,
the self-similarity and self-generation of the true self-voice influence the self-
prioritisation effect (SPE). To do this, we conducted three experiments, each employing a
perceptual matching task with voice stimuli (B. Payne et al., 2021). In Experiment 1, we
aimed to quantify the impact of the self-relevance of the true self-voice on the SPE.
Participants recorded their own self-voice, then in a perceptual matching paradigm heard
their voice congruently paired with the label “YOU”, while two unfamiliar voices were
associated with “FRIEND” and “STRANGER”". In a control group, participants heard only
unfamiliar voices associated with the three identity labels. The inclusion of a control
group crucially allowed us to determine the effects of self-relevance independent of
stimulus-related effects (cf Kirk & Cunningham, 2024). If perceptual prioritisation of
voices is affected by stimulus self-relevance, then the greater self-relevance of the self-
voice (as both self-similar and self-generated) should generate an enhanced SPE for
participants who heard their own self-voice, relative to participants for whom the very
same voice was heard as unfamiliar and arbitrarily self-associated. If prioritisation is
unaffected by the self-relevance of the stimulus, we should instead see a similar SPE

across the two participant groups.

In Experiment 2, we investigated how the SPE is affected when the self-voice is associated

with an incongruent identity: specifically, by associating the self-voice with “STRANGER”
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and an unfamiliar voice with “YOU” in an experimental group, and again comparing the
experimental group’s performance with a group of control participants hearing the same
voices and associations. Here, if perceptual prioritisation of voices is affected by stimulus
self-relevance, then the SPE should be diminished by the competing association between
the participant’s self-voice and a non-self identity association, relative to a group of
control participants. If prioritisation is not affected by stimulus self-relevance, there
should be no difference between the two participant groups in the perceptual matching

task.

Experiments 1 and 2 thus allowed us to test whether the greater self-relevance of the self-
voice, as a stimulus that is both self-similar and self-generated, modulates the SPE, or
whether the SPE is instead immutable and independent of stimulus self-relevance.
However, neither of these experiments, nor those of Kirk & Cunningham (2024), can
determine which component of stimulus self-relevance might underpin its impacts on the
SPE: its self-similarity or its self-relevance. In Experiment 3 we dissociated these
components by examining the SPE for self-associated voice clones, and comparing the
performance of participants who heard their own voice clones with control participants
who heard the clones as unfamiliar self-associated identities. Self-prioritisation of
unfamiliar self-associated synthetic voices has been demonstrated before (Payne et al.,
2024). However, voice cloning allows us to create specific self-associated voice stimuli
that have high acoustic similarity to the self-voice but which are, crucially, artificially (and
therefore externally) generated. If self-relevance-related enhancement of the SPE is
independent of the self-generation of the stimulus, we should observe an enhanced SPE
for participants hearing a self-associated self-voice clone, compared with control

participants listening to self-associated clones of unfamiliar voices. Conversely, if self-



generation is a critical component of self-relevance for self-prioritisation, we should see

an equivalent SPE in the two participant groups.
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Figure 1 - Overview of the study. The labels “you” and “stranger” correspond respectively to the identities “self” and “other”.

Experiment 1

In this first experiment, we investigated the impact of pairing the self-associated voice

with the participant’s own recorded voice on the SPE.
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Methods

Participants

According to an a priori sample size computation using G*Power (Faul et al., 2009) based
on a pilot experiment with the same paradigm, a sample size of at least 56 participants
was sufficient to observe an effect of moderate size for the interaction (n2=0.035) with a
set to 0.05 1-B to 0.80 and the non-sphericity correction to 0.75. Due to requirements
from other similar experiments being conducted in the lab (not presented in this paper),
a total of 96 participants completed the task. They were split into two groups of 48
experimental participants (mean age= 27.2 years, age range=18-40, 28 females, 20 males)

and 48 control participants (mean age=25.6 years, age range=18-40, 28 females, 20

males). Participants were recruited online via Prolific (www.prolific.com) as British
monolingual speakers of English with a standard Southern British accent and no hearing
impairment or difficulties. Eligible participants had 90% approval rate on Prolific. Ethical
approval was obtained (SHaPS-2019-CM-030), and all participants gave their informed
consent prior to the testing. Participants were paid for their participation at a rate of

£7.50 per hour.

Stimuli

All participants encountered three voice identities, each associated with one of the labels
“SELF”, “FRIEND”, and “STRANGER”. Each voice identity provided one sample of the word
“hello”. For experimental participants, the self-associated voice was their own recorded
self-voice, while the friend-associated and other-associated voices were unfamiliar

voices. For each experimental participant, a matched control participant encountered the
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same trio of voice identities. In this way, we could compare prioritisation effects across
groups to investigate the manipulation of interest, while also controlling for stimulus

variance. All voices were gender matched to the participants’ stated gender.

Self-associated stimuli

Experimental participants were invited to a recording session via the online testing
platform Gorilla (www.gorilla.sc; Anwyl-Irvine et al., 2020) prior to the main task. Before
starting the recording session, participants were asked to make sure to be in a quiet
environment with a working microphone on a computer, and to do a microphone check.
To collect natural recordings of the participants saying the target word “Hello” during the
recording session, it was first embedded in various sentential contexts, which
participants were asked to read aloud across 9 trials. Before each trial, the text was
displayed on the screen for 20 seconds. Then, after a countdown, participants were asked
to start reading the text. Trials 1 to 9 aimed at accustoming participants to recording their
voice, such that they sound more natural afterwards. Following this, participants
completed three additional trials where they repeated the word “Hello” ten times per trial.
A sample of the word “hello” was then extracted from these last two trials for each

participant and paired with the label “YOU” in the experiment.

Friend-associated and Other-associated stimuli

Four participants (mean age=31.8, age range=29-35, 2 females, 2 males) not taking part
in the main task were recruited to record their voice. They were British monolingual

speakers of English with a Standard Southern British English accent. Recordings of
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“Hello” from these voices were used in the main task as either the “FRIEND” or
“STRANGER” voice. For both genders, the pairing of the two voices with the labels

“FRIEND” and “STRANGER” was counterbalanced across participants.

All stimuli were RMS-normalised using PRAAT (Boersma & van Heuven, 2001). See also
the Supplemental Materials for details of stimulus durations across all experiments in the

current study.

Procedure

Participants were invited to do the task online via Gorilla on a computer. They were asked
to 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

task, they used the keyboard to submit responses.

The perceptual matching task consisted of two phases, a familiarisation phase and a test

phase (see Perceptual Matching in Fig. 1).

Familiarisation phase

Before the familiarisation phase, participants were told that they will be presented three
voices: “one that belongs to you”, “one that belongs to a friend”, and “one that belongs to

a stranger”. For the experimental participants of this study, the self-associated voice was

introduced as “your own voice (previously recorded) which belongs to you”. Then, each
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voice-label pair was presented four times by simultaneously playing the voice recording
through the headphones and displaying the label on the screen. Each label remained on-
screen for 3000ms and the voice sample was played 500ms after the label’s onset. A
fixation cross was displayed for 500ms between presentations of voice-label pairs. The
order of presentations was randomised. The overall familiarisation phase lasted one

minute.

Test phase

Participants trained for the task in 12 practice trials before the main test phase. The test
phase consisted of three blocks of 72 trials. For both stages, the order of the trials was
randomised. Each trial consisted of a fixation cross displayed on screen for 500ms,
followed by a voice stimulus. Right after the voice sample, a label (i.e., “YOU”, “FRIEND”, or
“STRANGER”) was displayed on screen for 1500ms. Participants were then requested to
answer as fast as they could whether the voice and the label were a match by pressing
either the left-arrow key (MATCH) or the right-arrow key (MISMATCH) on their keyboard.
Visual feedback on accuracy was given after each trial. If participants did not answer
before the 1500ms limit of presentation of the question, the displayed feedback was “too
slow”. During the main test phase, an indication of the overall accuracy was given at the
end of each block. The experiment lasted 25 minutes on average. There was an equal
number of match and mismatch trials and a balanced distribution of “label-voice identity”

combinations for the mismatch trials. The order of trials was randomised.
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Analysis

To quantify the SPE, we assessed three dependent variables based on participants’
responses: trialwise reaction time (in milliseconds), trialwise accuracy
(correct/incorrect), and sensitivity (d’) per voice. For the analysis of our results, the
design of our model comprised voice identity (self, friend, other) as the first fixed factor.
As our question was “how does the self-voice impact the SPE when it is self-associated?”,
our second factor was the condition (experimental: own recorded self-voice as self;
control: new, unfamiliar voice as self). In accordance with previous perceptual matching
studies (B. Payne et al., 2021; Sui et al,, 2012), we excluded trials with responses quicker
than 200ms and longer than 1500ms, and analysed only the match trials, i.e., trials where
the voice identity matched the label, as the SPE does not affect mismatch trials. Further,

only reaction times for match trials with a correct response were included in the analysis.

Both reaction time data and sensitivity were assessed with linear mixed models (LMM)
using Ime4 in the R environment. They included an interaction between voice identity and
condition, and participant as a random factor. For example, for reaction time, the model

was:

reaction time ~condition * voice identity + (1|participant)

To assess accuracy, we used a binomial generalised linear mixed model (GLMM), with
trialwise accuracy coded as 1 (correct) or 0 (incorrect) and including the same fixed

factors and random factor as for the assessment of reaction time and sensitivity.
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For each model we tested the significance of the interactions and the effects by
performing likelihood ratio tests. Depending on the significance of the factors voice
identity and condition and their interaction, we ran post-hoc pairwise comparisons using

emmeans with a Bonferroni correction for 9 pairwise comparisons.

Transparency and Openness

Sample size for the three experiments was consistent and chosen to be larger than the
sample size used in the reference study (B. Payne et al., 2021). All experimental data and

analysis scripts in R for the three experiments are available at https://osf.io/93xq4/.

Data were analysed using R (4.4.0) and the packages Ime4 (1.1-35.3) and emmeans

(1.10.1).

Results & Discussion

Descriptive statistics for reaction time, accuracy and sensitivity (d’) across conditions
and voice identities are given in Table 1. See Supplemental Materials for a full report on

the statistical tests (https://osf.io/93xq4/).

Table 1. Mean RT, accuracy and sensitivity (d") in Experiment 1 (match trials)

Condition Voice Identity Mean RT (ms) Accuracy d
Experimental Self 460(149) 0.98(0.12) 4.09(0.31)
Friend 537(208) 0.97(0.18) 3.75(0.58)
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(participant’s voice  Other 582(227) 0.92(0.26) 3.36(0.76)

as 'YOU’)

Control Self 518(200) 0.94(0.24) 3.26(0.96)
(three unfamiliar Friend 555(204) 0.93(0.25) 3.13(0.94)
voices) Other 582(219) 0.90(0.30) 2.85(0.96)

Note. RT: reaction time; Accuracy: proportion correct. Standard deviations appear

within parenthesis.

Reaction time

Figure 2 presents reaction times for correctly assessed match trials. There was a
significant interaction between voice identity and condition (y2(2)=34.144, p<.001). For
both conditions we observe an SPE with the self-associated voice as the quickest
recognised voice (ps<.001). Further, reaction times were quicker to the friend-associated
voice relative to the other-associated voice in both conditions (ps<.001). Importantly,
participants’ reaction times to the self-associated voice were significantly faster when it
was their own recorded voice relative to a newly self-associated voice (p=.049). In
comparison, the reaction times for the friend-associated and the other-associated voices
did not differ between conditions (ps=1). This demonstrates that having the participants’

self-voice as the self-associated voice enhanced the SPE.
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Figure 2 - Experiment 1: Mean reaction times (RT) as a function of the voice identity (self, friend, or other) and voice type
(true self-voice vs. new self- voice). Graph models for correct match trials only. Error bars indicate the 95% confidence
intervals of the means. The top bar indicates the significance of interaction between the factors ‘voice identity’ and

‘condition’ *: p<.05 ; **: p<.01 ; ***: p<.001 ; n.s.: non significant.

Sensitivity

There was no interaction between voice identity and condition (y?(2)=3.647, p=.161).
However, we observed a significant main effect of voice identity (¥*(2)=40.114, p<.001),
with an increased sensitivity to the self-associated voice relative to the friend-associated
voice (p=.017) and other-associated voice (p<.001). Thus, the self-voice was prioritised
regardless of the condition. There was also a main effect of condition (y?(2)=22.340,
p<.001) with the participants of the experimental group having an increased sensitivity
in comparison to the participants of the control group. Overall, this result demonstrates
an SPE in both conditions, with experimental participants showing a higher sensitivity.
This distinction might be due to experimental participants being overall better at

discriminating their real voice from other voices.
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Accuracy

There was a significant interaction between voice identity and condition (y2(2)=112.040,
p<.001). Post hoc pairwise t-tests revealed that experimental participants were
significantly more accurate than the control participants at recognising the self-
associated-voice and the friend-associated voice (ps<.01) but not the other-associated
voice (p=.825). On one hand, accuracy scores for the experimental group demonstrate an
SPE, with the self-associated voice more accurately recognised than the friend-associated
(p=.01) voice and the other-associated voice (p<.001). On the other hand, for the control
group, the self-associated voice was more accurately recognised than the other-

associated voice (p<.001), but not the friend-associated voice (p=1).

In sum, we observe an enhancement of the SPE when the self-associated voice is the
participant’s own recorded self-voice, as shown by reduced reaction times. This suggests
that the SPE is indeed affected by self-relevance of the self-associated stimulus. Further,
sensitivity and accuracy results suggest that encountering the self-voice as a self-
associated voice improved the overall performance on the perceptual matching task: this
finding might be due to overall reduced cognitive load, given the experimental
participants were likely better able to recognise what was - or was not - the truly self-
associated voice amongst the voice identities. In Experiment 2, we evaluated how
performance is impacted when both the self-associated voice and the other-associated

voice are self-relevant.
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Experiment 2

In Experiment 1 we showed that the SPE was enhanced when the voice stimulus and the
identity label were congruent (i.e., self-voice associated with the label ‘YOU’) in a
perceptual matching task. In Experiment 2, we investigated the extent to which having an
incongruent pairing of the self-voice and the task-associated identity interfered with the
SPE, this time assigning the self-voice to the label ‘STRANGER'. Thus, from the perspective
of the listener, the voice associated to the self being unfamiliar is inherently neither self-
similar nor self-generated, whereas the voice associated to ‘STRANGER’ is both self-

similar and self-generated.

Methods

Unless indicated below, methods for Experiment 1 were replicated for Experiment 2.

Participants

96 participants completed the study. They were split into two groups of 48 experimental
participants (mean age=27.3 years, age range=18-40, 26 females, 22 males) and 48
control participants (mean age=26.3 years, age range=18-40, 26 females, 22 males).

Participants were recruited online via Prolific (www.prolific.com) as British monolingual

speakers of English with a standard Southern British accent and no hearing impairment
or difficulties. Ethical approval was obtained (SHaPS-2019-CM-030), and all participants
gave their informed consent prior to the testing. Eligible participants had 90% approval

rate on Prolific. Participants were paid for their participation at a rate of £7.50 per hour.
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Stimuli

The 48 experimental participants were invited to complete the same voice-recording task
as in Experiment 1. Again, the target word ‘Hello’ was extracted from each participant’s
voice recordings. The voice stimuli used in Experiment 1 as the friend-associated voice
and the other-associated voice were included again. However, in Experiment 2 these
were either the self-associated voice or the friend-associated voice while the other-

associated voice was the participant’s voice recordings.

Procedure

Unlike Experiment 1, participants were advised that their recorded voice may not be self-

associated within the task.

Results & Discussion

Descriptive statistics for reaction time, accuracy and sensitivity (d’) across conditions
and voice identities are given in Table 2. See Supplemental Materials for a full report on

the statistical tests (https://osf.io/93xq4/).

Table 2. Mean RTs, accuracy and sensitivity (d’) in Experiment 2 (match trials)

Condition Voice Identity Mean RT (ms) Accuracy d

Experimental Self 533(219) 0.94(0.23) 3.37(0.77)
(participant’s voice  Friend 550(208) 0.96(0.19) 3.46(0.64)
as ‘STRANGER’) Other 545(202) 0.92(0.27) 3.22(0.70)
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Control Self 524(205) 0.96(0.20) 3.41(0.75)
(three unfamiliar Friend 555(212) 0.96(0.20) 3.44(0.73)

voices) Other 567(222) 0.92(0.28) 3.28(0.94)

Note. RT: reaction time; Accuracy: proportion correct. Standard deviations appear

within parenthesis.

Reaction time

Figure 3 presents reaction times for correctly assessed match trials. There was a
significant interaction between voice identity and condition (¥%(2)=7.715, p=.021). In the
control group, wherein all three voices were unfamiliar, participants’ reaction times were
fastest for the unfamiliar self-associated voice relative to the other two voices (ps<.001),
showing the classic SPE. In the experimental group, the self-associated voice was
recognised quicker than the friend-associated voice (p=.012). In contrast, the differences
in reaction time between the self-associated voice and the other-associated voice, as well
as between the friend-associated voice and the other-associated voice, were non-
significant (self-other: p=.367; friend-other: p=1). These results demonstrate that, for the
experimental group, the degree of prioritisation for the new unfamiliar voice associated
with the self is similar to the degree of prioritisation afforded to the self-voice when it has
been associated with another. Thus, the self-relevance of the self-voice interferes with the
classic SPE, allowing that the unfamiliar self-associated voice only be prioritised relative

to the friend-voice which, newly, becomes the voice with the least relevance to self.
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Figure 3 - Experiment 2: Mean reaction times (RT) as a function of the voice identity (self, friend, or other) and voice type
(true self-voice vs. new self- voice). Graph models for correct match trials only. Error bars indicate the 95% confidence
intervals of the means. The top bar indicates the significance of interaction between the factors ‘voice identity’ and

‘condition’ *: p<.05 ; **: p<.01 ; ***: p<.001 ; n.s.: non significant.

Sensitivity

The interactive effect of condition and voice identity on sensitivity was not significant
(x2(2)=0.209, p=.900). In addition, there was no significant main effect of voice identity
(%2(2)=5.722, p=.057) or condition (¥*(2)=0.038, p=.846). In sum, from the perspective of
sensitivity, there was no significant difference between groups, with no evidence of an

SPE.

Accuracy

There was no significant interaction between condition and voice identity (y?(2)=3.775,
p=.151). There was a significant main effect observed for voice identity (x%(2)=62.17

p<.001), but not for condition (x2(2)=0.345, p=.557). Post hoc tests revealed that accuracy
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for the self-owned voice and the friend-owned voice did not significantly differ (p=291),
but accuracy for both the self-associated and friend-associated was greater than that for
the other-associated voice (ps<.001). The finding that accuracy for the other-associated
voice was similarly reduced for both groups can be interpreted as a remnant of the SPE in
the experimental group, hence supporting the idea that the effect was not entirely

disrupted.

In sum, according to the reaction time results, we observed a partial disruption of the SPE
with the self-associated voice being prioritised over the friend-associated in both groups.
However, it was not prioritised over the other-associated voice when that voice
corresponds to the participant’'s own recorded voice. The accuracy results further
support that a temporarily incongruent presentation of a self-similar voice impairs the
SPE but does not make it disappear entirely. This suggests that, within this experiment,
the temporarily self-associated voice and the true self-voice were both sources of self-
relevance. As a result, we observed a certain perceptual flexibility of the self where,
according to our findings, the self-associated voice is no more prioritised than the self-

voice, when the self-voice is associated with someone else.

Experiment 3

In Experiment 1 and Experiment 2 we showed that by manipulating self-relevance of the
voices associated with the self- and other-associated voices, we could enhance or
diminish the SPE. As mentioned in the Introduction, the human self-voice exists as a result
of the speaker's actions, making the experience of voice generation a fundamental aspect

of the voice's self-relevance. For both theoretical and applied reasons, it is important to
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understand how this aspect of self-relevance influences voice prioritisation. In
Experiment 3, we investigated how a self-similar but not self-generated voice impacts the
prioritisation of voices. To do this, we replicated the conditions of Experiment 1, here
pairing the self either with a synthesised, cloned version of the participant’s self-voice
(Experimental group), or instead with the cloned version of an unfamiliar other’s voice

(Control group).

Methods

Unless indicated below, methods for Experiment 1 were replicated for Experiment 3.

Participants

96 participants completed the study. They were split into two groups of 48 experimental
participants (mean age=31.8 years, age range=18-40, 24 females, 24 males) and 48
control participants (mean age=30.9 years, age range=18-40, 24 females, 24 males).

Participants were recruited online via Prolific (www.prolific.com) as residents of the

United States, with US English as first language, and with no hearing impairment or
difficulties. Eligible participants had 90% approval rate on Prolific. Ethical approval was
obtained (SHaPS-2023-CM-038), and all participants gave their informed consent prior

to the testing. Participants were paid for their participation at a rate of £9.50 per hour.
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Stimuli

In this experiment, all stimuli consisted of artificial voice clones synthesised based on
the recordings of real voices. To do this, we used the Instant Voice Cloning tool within the

Python API of the Text-to-Speech software Elevenlabs (https://elevenlabs.io/).

Self-associated stimuli

Experimental participants were invited to a recording session on the online testing
platform Gorilla prior to the main task. The purpose of this session was to obtain high
quality recordings of each participant saying a variety of sentences as naturally as
possible. There were 45 sentences to record from the list of Harvard sentences the
Rainbow passage and Arthur the Rat. Importantly, none of the sentences contained the
target word “Hello”. Before starting the recording session, participants were asked to
make sure to be in a quiet environment with a working microphone on a computer, and
to do a microphone check. At each trial, a sentence was displayed on screen for five
seconds, ensuring participants had time to comprehend and read aloud the required
sentence. Then, after a three-second countdown, participants were asked to read the text
aloud. For each participant, the recordings were concatenated in one single audio that
was used to create the voice clones using Elevenlabs and generate two speech samples of
the word “Hello” that we used in the experiment. All stimuli were RMS-normalised using

the Python library ffmpeg-normalize.

Friend-associated and Other-associated stimuli
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A further four participants (mean age = 32.6 years, range = 18-40, 2 female, 2 male) were
recruited to clone their voice. They were residents of the United States, with US English
as their first language. Samples of “Hello” from these four cloned voices were used within
the main experiment’s tasks as either the ‘friend’ or ‘other’ voice. These participants were
part of the participant pool of a pilot experiment and did not participate in the main

experiment.

Acoustic similarity

To validate the acoustic similarity between a cloned sample and the recordings obtained
in the first session, we leveraged a state-of-the-art, pre-trained x-vector model (Ravanelli
et al, 2021). In the field of automatic speaker recognition tasks, an x-vector is an
embedding extracted from a speech sample used to summarise the acoustic information
of speaker identity in a multidimensional speaker space. For a given speech sample, the
model takes its spectro-temporal characteristics (i.e., MFCCs) as input and outputs an x-
vector. Then, the cosine similarity between speech samples or clusters’ centroids allows
to assess the similarity between speakers. For each experimental participant, we
computed the cosine similarity between the x-vector of a clone sample and the centroid
of the x-vectors of the recordings used to synthesise the clones. We then compared it with
the average cosine similarity between the centroid of a participant’s recordings and the
friend-associated and other-associated clones. As a result, the average acoustic similarity
between clones and recordings of experimental participants’ voices was significantly
higher than the average acoustic similarity between the friend-associated and other-
associated clones with participants’ recordings (T(94)=2.96, p=.004). See also the
Supplemental Materials for a similar analysis based on psycho-acoustically relevant

measures of the stimuli.
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Procedure

Participants were explicitly told that a synthesised version of their voice - that was not

their real voice — was associated with the self.

Results & Discussion

Descriptive statistics for reaction time, accuracy and sensitivity (d") across conditions and

voice identities are given in Table 3. See Supplemental Materials for a full report on the

statistical tests (https://osf.io/93xq4/).

Table 3. Mean RTs, accuracy and sensitivity (d") in Experiment 3 (match trials)

Condition Voice Identity Mean RT (ms) Accuracy d
Experimental Self 509(170) 0.92(0.27) 3.06(0.97)
(participant’s Friend 632(224) 0.82(0.38) 1.99(1.06)
cloned voice as Other 658(230) 0.74(0.44) 1.57(1.0)
You’)

Control Self 567(210) 0.89(0.31) 2.46(1.01)
(three unfamiliar ~ Friend 624(216) 0.84(0.37) 2.03(1.04)
cloned voices) Other 653(232) 0.76(0.43) 1.61(1.02)

Note. RT: reaction time; Accuracy: proportion correct. Standard deviations appear

within parenthesis.

Reaction time
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Figure 4 presents reaction times for correctly assessed match trials. Overall, results
mirrored those of Experiment 1. Specifically, there was a significant interaction between
voice identity and condition (¥%(2)=55.251, p<.001). We observed an SPE for both
conditions with the self-associated voice being the quickest recognised voice (ps<.001).
Further, reaction times were quicker to the friend-associated voice relative to the other-
associated voice in both conditions (ps<.01). Importantly, participants’ reaction times to
the self-associated voice were significantly faster when it was a synthesised version of
their own voice relative to the synthesised voice of another (p=.034). In comparison, the
reaction times for the friend-associated and the other-associated voices did not differ
between conditions (ps=1). This demonstrates that having a cloned version of the self-
voice enhances the SPE, likely because it is acoustically similar to the true self-voice and

so more self-relevant.

experimental e control

L1 LL LY

condition

wem experimental
== control

reaction time

self friend other _ self friend other ) self friend other

Figure 4 - Experiment 3: Mean reaction times (RT) as a function of the voice identity (self, friend, or other) and voice type
(true self-voice vs. new self- voice). Graph models for correct match trials only. Error bars indicate the 95% confidence
intervals of the means. The top bar indicates the significance of interaction between the factors ‘voice identity’ and

‘condition’ *: p<.05 ; **: p<.01 ; ***: p<.001 ; n.s.: non significant.
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Sensitivity

There was a significant interaction between voice identity and condition (x?(2)=9.95,
p=.007). Experimental participants exhibited an SPE with highest sensitivity for the self-
associated voice (ps<.001). Similarly, control participants exhibited a significantly greater
sensitivity to the self-associated voice compared to the other-associated voice (p<.001),
but not compared to the friend-associated voice (p=.086). Importantly, sensitivity to the
self-associated voice was higher in the experimental group than the control group

(p=.035), further supporting an enhancement of the SPE in the experimental group.

Accuracy

There was a significant interaction between voice identity and condition (¥%(2)=15.43,
p<.001). There was nonetheless an SPE present for both groups (ps<.001) with the self-
associated voice being the most accurately assessed voice (ps<.001). However, post hoc
tests did not reveal any significant difference between the two groups that would support

the theory of an enhanced SPE for the experimental group (p=.244).

In Experiment 3, we show for the first time that a self-associated cloned voice that is
acoustically similar to the self-voice enhances the SPE over other synthesised voices, by
reducing reaction times and increasing sensitivity. This finding suggests that while self-
generation is a crucial day-to-day aspect of the self-voice, the self-relevance of a self-
associated voice can still be enhanced via increasing its acoustic similarity to the self-

voice.
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General Discussion

In this study we investigated the various influences of self-similarity and self-generation
of a voice on the self-prioritisation effect. It has previously been shown that having a sense
of ownership over a voice induces its perceptual prioritisation (B. Payne et al.,, 2021).
Moreover, it has been demonstrated that using the self-voice of participants in perceptual
matching experiments can modulate the SPE (Kirk & Cunningham, 2024). Here we
replicated aspects of these previous results and extended them. First, in Experiment 1, we
showed that when the self-voice is associated with a congruent identity (i.e., self), the SPE
is significantly enhanced in comparison to the classic SPE observed with unfamiliar
voices. Second, in Experiment 2, we showed that by assigning the self-voice to the
incongruent identity of a stranger, the SPE is partially disrupted. Finally, in Experiment 3,
we showed that hearing a self-associated clone of the self-voice enhanced the SPE

compared with hearing the self-associated cloned voice of an unfamiliar other.

Previous research has demonstrated that the mental representation of the self can be
flexible depending on the context (S. Payne et al.,, 2017; Sforza et al., 2010). We extended
these findings by showing how manipulating the in-task association (i.e., self, friend,
other) of the self-voice can either reinforce or weaken task-relevant self-prioritisation.
Thus, we observed that when the participant’s own voice was other-associated (i.e. with
the “STRANGER” label), the prioritisation afforded to it was similar to the prioritisation
afforded to the newly self-associated unfamiliar voice. We note that this outcome is
different from Kirk & Cunningham (2024): Using perceptual matching, they showed that

the self-voice is always prioritised, regardless of its in-task identity association (i.e., self,
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friend, other). This discrepancy may be explained by the absence of a control group in
Kirk and Cunningham'’s design, which is necessary to rule out the influence of stimulus
properties (e.g. by accounting for any baseline differences in the perceptual
distinctiveness of the three task voices). Our findings instead suggest flexibility in the
classification of self-relevant information, where listeners can manage and prioritise

multiple different sources of self-relevance within the task.

In line with previous studies demonstrating an SPE enhancement for more self-related
stimuli (Golubickis et al., 2020), we too observed an enhanced SPE when participants’
self-voice (Expt. 1) or an acoustically similar version (Expt. 3) served as the self-
associated voice. This supports the idea that stimuli that have more self-relevance are
more highly prioritised. Here, we newly show that a voice stimulus may be perceptually
prioritised by a listener by tuning its acoustic characteristics to the listener’s self-voice.
However, in a previous study using a perceptual matching task with unfamiliar voices (B.
Payne et al., 2021), there was no SPE enhancement when the self-relevance of the voice
was increased by gender-matching the self-associated voice to that of the participant, in
contrast to mismatched gender conditions. As part of the identity of a speaker, voice
gender (in this case, masculine or feminine) has been demonstrated to be consistently
related to specific acoustic features including the fundamental frequency and formant
spacing (Pépiot, 2015; Skuk & Schweinberger, 2014). However, in this case, matching
acoustic properties at a coarse level may have contributed insufficient additional self-
relevance for SPE enhancement. Taken together, our current finding and previous work
suggests that manipulating the acoustic similarity of a voice to the self-voice leads to a

diversity of effect sizes of enhanced SPE. Using voice morphing or by parametrically

32



manipulating voice features that are relevant for speaker recognition (Xu et al., 2013),
future studies should explore how the SPE varies with the acoustic (and perceptual)
similarity between the self-associated voice and the true self-voice. This approach would
provide insights on the weighted importance of certain acoustic features in driving the
mechanisms of self-prioritisation and allow the manipulation of self-similarity while

maintaining self-generation.

A self-similar artificial voice enhancing the SPE suggests that the self-relevance of a voice
can be increased independently of self-generation. Despite the cloned voice being
explicitly presented as artificially synthesised, the high acoustic similarity of the self-
associated cloned voices was sufficient to induce an enhancement of the SPE. One possible
explanation is that while a non-self-generated cloned voice may weaken its relevance to
the self, the auditory familiarity of that voice, persisting through the cloned voice timbre,
still enables an enhancement of perceptual prioritisation. This is promising for
individuals with motor neuron disease seeking to use a bespoke synthesised voice for
social interaction (Cave & Bloch, 2021). Future research should further investigate the
impact of self-generation by directly comparing the SPEs for recorded and cloned self-

voices.

There is a debate regarding whether familiarity or self-relevance underpins the
perceptual prioritisation of self-related stimuli (Maire, 2021). Previous research has
demonstrated that familiar voices receive special treatment at a cognitive and
neurological level (Kanber et al., 2022; Plante-Hébert et al., 2021). Thus, some consider

that high familiarity mediates self-biases (Amodeo et al., 2023). Conversely, others argue
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that cognitive processes involving self-related information are distinct from those related
to familiarity (Bortolon & Raffard, 2018). Considering our use of participants’ recorded
and cloned self-voices in our study, we could not separate self-relevance from familiarity
- participants were furthermore made explicitly aware of the presence of their self-voice
in the experiments, thus minimising variation in self-voice recognition accuracy as a
plausible index of familiarity within our study. However, we acknowledge that
opportunities remain to further disentangle self-relevance from aspects of familiarity. For
example, the stimulus used through the three experiment of this study was a very
frequently used, and highly familiar, word (“Hello”). To further dissociate self-relevance
(in its various forms) from familiarity, further experiments could be conducted using
voice cloning and/or manipulated self-voice recordings to generate linguistically less
familiar but acoustically (and perceptually) self-similar test stimuli (e.g. pseudowords,
words in other languages). For example, previous research in the visual domain has
shown that valence affects the self-prioritisation effect (Constable et al., 2021; Jalalian et
al., 2024). Similarly, varying the semantic content of voice clone stimuli along a valence
dimension may reveal effects on the self-prioritisation of a self-similar voice. Future
studies could use voice cloning to explore how alignment with one’s self-concept impacts
self-relevance, for example, by having a voice clone express opinions that the participant

agrees with or disagrees with.

Although the current study was specifically concerned with the perception of the self-
voice as an audio stimulus - modelling how listeners typically experience recordings of
their voice in everyday life, and how users of Augmentative and Alternative

Communication (AAC) devices typically experience a synthesised self-voice - it should be
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noted that the self-voice is most commonly experienced as a multimodal stimulus, via
both audio and bone/tissue conduction, during speaking (see Orepic et al., 2023). Future
work could therefore investigate self-voice prioritisation under multimodal presentation
conditions that better approximate the perceptual correlates of self-speech, for example
by presenting audio recordings with simultaneous cutaneous stimulation to the throat.
Given that people experience their voice during self-speech more often than during audio-
only self-voice listening, we speculate that modulating self-relevance within more

embodied task paradigms could have larger effects on the SPE than reported here.

In conclusion, our study yields key findings on how different aspects of self-relevance
impact perceptual prioritisation. First, we demonstrated that the self-voice, an inherently
self-relevant stimulus, significantly modulates the SPE (Expts. 1 and 2). Second, we
established the flexibility of the mental representation of the self through the voice,
revealing one’s ability to deal with multiple sources of self-relevant information (Expt. 2).
Finally, we showed for the first time that a non-self-generated, yet self-similar,
synthesised voice enhances the SPE over other synthesised voices (Expt. 3). This suggests
that voice cloning technology applications could be used to harness the perceptual
benefits of self-relevance without the need for self-generation, for example in

personalised voice alerts and reminders.
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