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Abstract
Voice perception plays a fundamental role in all types of interac-
tions, from human-to-human communication to human-technology
interaction. When it comes to technology, we sometimes have the
option to choose the type of voice we want to hear. But why is the
default (almost) always a feminine or masculine voice? In this re-
search, we evaluated user perceptions of gender-ambiguous voices,
a relatively unexplored option. In our novel comparative study,
we evaluated six gender-ambiguous voices with participants of di-
verse gender identities (men, women, and non-binary individuals),
with 74 participants in each group. Additionally, half of the partic-
ipants were told in advance that the voices had been designed to
be gender-ambiguous, and half were not. We aimed to move be-
yond subjective perceptions of voice gender by exploring how such
voices are perceived across different dimensions: trustworthiness,
appeal, comfort, anthropomorphism, and aversion. Our findings
reveal that while men and women had similar perceptions, non-
binary participants rated the voices more negatively, with lower
trust and higher aversion. Interestingly, priming participants about
the voices’ ambiguity did not significantly affect overall perceptions,
though it increased critical evaluations from non-binary individ-
uals. These findings contribute to growing research on gender-
ambiguous voices by providing perceptual comparisons of multiple
voices and highlighting the need for more inclusive voice designs
that appeal to non-binary users.

CCS Concepts
• Human-centered computing → User studies; Sound-based
input / output; Human computer interaction (HCI).
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1 Introduction
Voice interaction with technology has become an integral part of
daily life, facilitating tasks like setting timers on smartphones and
providing assistance while driving [14, 47, 54, 61]. Users engage
with computer voices embedded in speech-based virtual agents and
voice assistants (VAs) and expect these agents to respond appropri-
ately. Users also interpret the voice phenomena they hear in ways
beyondmere content, notably reading in cues to humanlikeness and
artificiality [14, 44, 54]. A dominant cue is gender [15, 22, 54, 61],
known as one of the most stable social identity categories across
human history [29]. Many VAs, when asked, "What is your gender?"
respond by claiming that they have no gender. Siri, for example,
replies: "I am genderless. Like cacti. And certain species of fish." or
"Animals and French nouns have genders. I do not." Despite these
answers, the design of these agents can still reinforce gendering in
other ways, e.g., through names like Alexa, Siri, or Cortana. While
the perception of these names as feminine may vary across cul-
tural and individual contexts, they are often interpreted as such,
particularly in Western settings where these assistants were ini-
tially developed and marketed. Designers, knowingly or not, make
choices that lead to user gendering, not only through names and
identity statements but also colour [26], clothing [26, 56], (body)
shape [6, 45, 53, 72], and more. Avoiding the issue or asserting
that the technology has no gender is not enough. People are es-
pecially primed to gender when humanlike cues are present in
voice and speech [44, 53]. This phenomenon does not only concern
VAs. Other agents, such as robots and virtual humans, are typically
categorised as either masculine or feminine [46]. In the fields of
Human-Computer Interaction (HCI) and Human-Robot Interac-
tion (HRI), assigning gender to the agent, both by participants and
researchers, is a common practice [6, 45, 46].
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Gendering has been linked to a variety of effects. Positive ef-
fects include improved user attitudes towards the agent, an in-
crease in perceived trustworthiness, and overall acceptance of the
agent [15, 22]. Gendering, however, is not without issue. The de-
fault voices of most agents are almost exclusively feminine and to
a lesser extent masculine [5, 54]. This leaves out gender-diverse
voices that could be perceived as ambiguous, i.e., a combination
of masculine and feminine [19, 56, 65, 68, 80], gender elusive, i.e.,
difficult to determine or non-generalisable [24], or neutral, i.e., gen-
derless or gender-free [41, 56, 59], or even associated with human
identities like non-binary [17, 35]. Agent gendering can also rein-
force and extend human stereotypes and biases, including in terms
of perceived agency [22] and emotional intelligence [13].

Yet, voice may also be manipulated to create more inclusive op-
tions and/or reduce gendering in human-technology interactions.
The Text-To-Speech (TTS) community has begun developing voices
that are not strictly male/masculine or female/feminine. These
voices, sometimes referred to as “gender-neutral”, “gender-less”,
“non-binary” or gender-ambiguous, aim to sound clear and natural
while moving beyond the gender binary of man/woman [41, 65, 79,
80]. The availability of a third, non-gendered option is not only valu-
able for reducing the risk of gendering and stereotyping technology
but is also a matter of inclusivity [64]. Gender-nonconforming indi-
viduals, people who do not fit neatly into the categories of man or
woman, male or female, masculine or feminine, may feel more rep-
resented and included in a society that offers alternatives beyond
the binary [17, 19, 35, 64]. Perceptions of voice, not only gendered-
ness, but acceptability, approach distance, trust and reliance, and
other impressions, may also be tied to the gender of the individual
via similarity to self [8, 15, 17, 50, 75], although this remains under-
explored. Notably, this has been virtually unexplored with those
outside of the binary masculine and feminine.

Throughout this paper, we will use the term “gender-ambiguous”.
As noted in De Cet et al. [19]’s review, “gender-ambiguous” reflects
a resistance to clear categorisation, blending both masculine and
feminine traits. In contrast, “non-binary” is more closely linked to
identity than voice, while terms like "gender-neutral", “genderless”,
and “gender-free” suggest the complete removal of gendered traits,
which is not achievable in voices [65].

While gender-ambiguous voices hold great potential, it is crucial
to understand how they are perceived beyond “what gender”. At
present, almost all work on gender-ambiguous and related voice
phenomena with human-technology interactions is related to per-
ceptions of voice gender [17, 19]. Understanding the extent to which
voices are gendered and how these perceptions transcend individ-
uals is important, but only the first step [58]. At the same time,
perceptions of voice gender ambiguity may vary across user groups,
including men, women, non-binary individuals, and other gender-
diverse folk [17, 19, 20, 53]. What remains is a gap at the inter-
section of gender-diverse user groups, especially the non-binary
one [17, 56, 64], and perceptions beyond gender impressions.

To address this gap, we conducted a study in which gender-
diverse participants (women, men, and non-binary people) listened
to six artificial gender-ambiguous voices and rated them across five
perception dimensions: trustworthiness, appeal, comfort, anthro-
pomorphism, and aversion. To our knowledge, prior research has
neither explored ambiguous voices beyond gender classification

nor allowed participants to compare multiple ambiguous voices
side by side. We also introduced a priming condition to test whether
drawing attention to the voices’ ambiguity would shape listener
perceptions. Our aim is to advance the development of voice-based
technologies that are inclusive and resistant to gender stereotyping.

This study is guided by three research questions: RQ1: How
do participants evaluate ambiguous voices across different voice per-
ception dimensions?, RQ2: Does priming participants on the gender
ambiguity of artificial voices affect their perception of such voices?,
RQ3: Does participant gender influence their perception of artifi-
cial gender-ambiguous voices?. By addressing these questions, we
offer new insights into how ambiguous voices are perceived and
contribute to more thoughtful design of future voice interfaces.

2 Related Work
2.1 Gender Perception and the Role of Voice
Gender is deeply embedded in human societies [29] and thereby
user mental models and perceptions of humanlike entities [25, 44].
When we meet someone, our brain instinctively evaluates a multi-
modal variety of cues, what we see, hear, smell, and so on, including
spoken names, facial features, body shape, clothing, nonverbal be-
haviours, and voices. All of these are linked to judgments about the
gender of the person or agent [29, 38, 45, 74]. At the same time, hu-
manity is diverse and complex, and our brains are adaptive [43, 77].
For instance, Weirich and Simpson [77] found that voices who self-
attributed a certain gender identity influenced listener perceptions,
shifting in kind. Thus, the act of gendering, interpreting gender
cues in stimuli, is a multifaceted and dynamic process.

Gendering extends to agentic technologies as well. Seaborn and
Frank [53], for instance, found that researchers and participants
alike unthinkingly gendered the Pepper robot by way of the pro-
nouns and other gendered referents they used to refer to the am-
biguous bot. Notably, researchers who did not realise this signifi-
cantly influenced participant gendering. People process not only
gender cues but cues linked to social identities immediately and
unconsciously. For instance, Fujii et al. [24] investigated identity-
pluralistic Japanese first-person pronouns, linked to gender, age,
region, and formality, with ChatGPT voices. They found that voices
using matched gender pronouns led Japanese listeners to imagine
personas consistent with those identities in Japanese culture, except
the feminine Juniper voice, which was more feminine when not
using the “gender-neutral”watashi pronoun. Notably, when Juniper
used boku—a pronoun typically associated with masculine speak-
ers in Japanese—and Ember used atashi—a pronoun typically used
by feminine speakers—the combinations disrupted expectations
and queered the listener’s mental models of gender. While mental
models about gender exist and are stable, they can be disrupted by
manipulating voice and cues relevant to social identities.

2.2 Designing Gender-Ambiguous Voices
Gender-ambiguous voices and other voices that defy the gender
binary present a novel and potentially transgressive option. Re-
search has shown that gender-ambiguous voices can influence how
users perceive and gender agents. For instance, Torre et al. [68]
found that using a gender-ambiguous voice reduces the tendency to
gender robots, even when the agent has stereotypically masculine
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or feminine attributes. Their findings highlight voice as a key factor
in shaping perceptions, suggesting its potential for creating more
inclusive and less gendered user interactions. Expanding on this,
De Cet et al. [20] examined whether ambiguous voices influenced
how people sketched robots in different occupational contexts. Par-
ticipants who heard a gender-ambiguous voice were less likely to
assign a gender to their sketches compared to those who heard a
masculine or feminine voice. This reinforces the idea that voice
ambiguity can reduce automatic gender associations.

Achieving truly ambiguous voices, however, remains challeng-
ing. This can be traced to the dominant model in most human
societies being gender-binary: male/female, masculine/feminine,
man/woman [29]. Our brains are trained on the binary, even when
we have a gender identity that is not exclusively binary. Gender
perceptions tend to be tied to voice formant frequencies, notably
the fundamental frequency or 𝐹0 [27, 43]. However, the reality is
more complicated. Mullennix et al. [43] argue that an “auditory
composite” (p. 3091) of not only formants but also other auditory
qualities, even breathiness, influence gender perceptions. Seaborn
et al. [55] found that computer voices deemed gender-ambiguous
may also seem younger (as well as more anthropomorphic). In gen-
eral, feminine voices are deemed higher-pitched, masculine voices
lower-pitched, and those pitched slightly lower than the midpoint
between these binary poles tend to be perceived as androgynous,
i.e., ambiguous [62]. However, as mentioned, other auditory and
nonverbal cues can disrupt and shift impressions.

The classification of gender-ambiguous voices is not yet stan-
dardised. Tolmeijer et al. [66] decided on gender ambiguity for the
voice based on a rating of “58% male and 42% female” (p. 3). Seaborn
et al. [55, 59] and Mandai et al. [36] provided a categorical option:
“Both feminine and masculine elements” (roughly translated from
Japanese). Mooshammer and Etzrodt [42] used a 7-point Likert
scale with the option ”neither/I cannot judge” (compared to binary
options). Danielescu et al. [17] used a 5-point Likert scale for items
asking about whether the voice sounded non-binary. Torre et al.
[68] used a 5-Point Likert scale with the option “Ambiguous”. While
a range of methods is available, we must take heed: evaluators are
often prescriptive [64] rather than gender-expansive [27, 57, 58, 64].
Here, gender-expansive refers to being open to a broader, more
fluid understanding of gender when providing response options
to users or when coding responses provided by users. A lack of
this perspective can unduly influence perceptions, as seen in the
gendering of Pepper [53], or restrict participants from expressing
what they actually hear. We thus used a gender-expansive approach
akin to those in Seaborn et al. [55, 59] and Mandai et al. [36].

One’s own gender identitymay influence perceptions. Danielescu
et al. [17] demonstrated how men, women, and non-binary people
ratemasculine, feminine, and non-binary voices differently. Notably,
while many of the 1,010 respondents to the voice perceptions survey
had no preference (23%-36%), men overwhelmingly favoured the
masculine voice, women the feminine voice, and to a lesser extent,
non-binary people the non-binary voice. Moreover, non-binary par-
ticipants overwhelmingly rated high trust and intelligence scores
for the non-binary voice compared to the masculine and feminine
voices. This suggests that a preference for voice is linked to self-
gender. In contrast, Tolmeijer et al. [66] found that women trusted
the gender-ambiguous voice (Google WaveNet en-US-Wavenet-F

downshifted by three semitones) more than men and rated it as
more friendly, even though the voices were generally perceived
similarly overall. In Hope and Lilley [27], “gender-expansive” peo-
ple started from a “neutral” gender baseline and, alongside women,
were less inclined to gender along the binary. In sum, perceptions
of gender-ambiguous voices may depend on the individual’s gen-
der identity or individual factors. Our work, providing one of the
few comparative multi-voice within-subject designs, contributes to
resolving the extent to which this is the case.

2.3 Moving Beyond Gender: Toward Richer
Voice Evaluations

Another challenge relates to the dearth of gender-ambiguous voices
available. Still, recent developments in TTS technology are aiming
to create gender-ambiguous, gender-neutral, gender-evasive, and
non-binary voices as provocative prototypes—Project Q [1], for
instance—and research stimuli, seeking a way to further reduce
gendered assumptions [56, 65] and provide inclusive options [17,
64]. One notable effort comes from Danielescu et al. [17], who
developed a “non-binary” TTS voice by blending masculine and
feminine speech characteristics. This work went beyond simply
avoiding gender bias by actively engaging with non-binary and
transgender communities to ensure naturalness, representation,
and comfort. At the same time, we must be careful not to relegate
human social identities, especially marginalised ones, to machines,
nor equate “gender ambiguity” in voice phenomena with complex
human social identities [9, 21, 52, 64]. Voice and other cues linked
to gender/ing may be perceived in ways that do not match the
identity of a human individual, which must be respected.

Most work so far has focused on evaluating voice gender percep-
tions (or their absence), essentially acting as manipulation checks
for voice gender [58]. De Cet et al. [19] conducted a systematic
review on gender-ambiguous voices and found that one-third of
the 36 studies analysed focused exclusively on voice perceptions.
Such assessments are a crucial first step and, given the malleability
of perceptions and individual factors involved, should continue to
feature in human-subject work [58]. Yet, perceptions alone do not
reveal or predict effects on attitudes and behaviour when these
voices are deployed and used by people.

Some work has begun to explore other kinds of perceptions
about ambiguous voices beyond gender. Längle et al. [35] consid-
ered user perceptions of non-binary voices in digital assistants.
They assessed perceived gender, likability, gender-stereotypical
perceptions, and personality traits using established psychological
scales. They also examined gender role stereotypes and affinity for
technology, providing a broader perspective on how users relate to
non-binary voices. Markopoulos et al. [37] focused on generating
multilingual gender-ambiguous TTS voices, evaluating them based
on naturalness and gender perception. Tolmeijer et al. [66] consid-
ered gendered trait ascriptions and trust perceptions for a gender-
ambiguous voice (Google WaveNet en-US-Wavenet-F downshifted
by three semitones) compared to binary voices, finding no signif-
icant differences by voice gender; as discussed, men and women
rated the voice differently. On that note, they only included binary
gender participants. These findings highlight a research gap: while
gender perception is well-studied, particularly among binary people,
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other factors—like trust [70, 73, 76], appeal [54, 60], anthropomor-
phism [54, 59, 60, 76], comfort [60], and aversion [2, 44]—remain
largely unexplored for gender ambiguous voices.

3 Method
We explored how gender-ambiguous voices were perceived across
different gender groups and voice perception dimensions, whether
priming influences perceptions, and how. Thus, we had two between-
subjects factors (participant gender group and priming) and one
within-subjects factor (artificial gender-ambiguous voices, of which
there were six; refer to section 3.2). Priming was done by either
informing participants that the voices were ambiguous (primed con-
dition) or providing no information (not primed condition). Half
of the participants (with equal numbers of men, women, and non-
binary people) were randomly assigned to the primed condition,
and half to the non-primed condition. In Table 1, the number of par-
ticipants for each condition is summarised. All participants listened
to the same set of six voices in a randomised order. In Table 2, we
present some key acoustic characteristics (pitch, speech rate, and
accent) of the six collected ambiguous voices. Voice features were
extracted using Praat [7], a free package for phonetic analyses.

Priming Gender Number of Participants

Primed
Men 37

Women 37
Non-binary 37

Not primed
Men 37

Women 37
Non-binary 37

Table 1: Number of participants for each condition (primed
vs. not primed) and gender identity.

3.1 Participants
An a priori power analysis was conducted to determine the sample
size for this study; results indicated that the required sample size
to achieve 80% power for detecting a medium effect size, at a sig-
nificance criterion of 𝛼 = .05, with a mixed design, was 𝑁 = 222.
Therefore, we recruited 222 participants from the UK, aged 18 to
74 (𝜇 = 38.176, 𝜎 = 13.621; Women = 74, Men = 74, Non-binary =
74). Data was collected in February 2025 on Prolific. Gender and
nationality were retrieved from Prolific for screening.

3.2 Materials and Instrument
The voices used in this study were sourced from our previous work
[20]. Following a literature review, we reached out to the developers
of gender-ambiguous voices to request voice samples. The collected
voices include "Can_1" and "Can_2" from Torre et al. [68], "Sam"
fromDanielescu et al. [17], "Mini" from Prabha et al. [49], and "Blue"
and "Fable" from SpeechGen.io [63]. All these voices were previ-
ously validated as "gender-ambiguous" with user studies (see [20]).
The voices were developed following a variety of techniques. Most
voices are in the 130-160 Hz pitch range, thus falling in between
typical male and female voice pitch ranges [30] – except "Mini",
which had an average pitch of 248 Hz, and "Blue", with an average

pitch of 197 Hz. Additionally, most voices had American accents, ex-
cept "Mini" (Indian-accented English) and "Fable" (British English).
The audio files are available in the supplementary materials.

The voices were evaluated using a novel instrument for assessing
voice impressions, the Voice Experience Inventory (VOXI), which
is currently under peer review and available in the supplementary
materials. This instrument was developed based on community
consensus derived from a preliminary rapid review in 2021 [60],
later updated with a systematic literature review that used the
international standard Preferred Reporting Items for Systematic
Reviews andMeta-Analyses (PRISMA) checklist. Coverage included
unvalidated and validated instruments from user studies of voice
impressions published between 2000 and 2022. 28 potential factors
were derived from 99 items across 32 instruments in 49 studies.
The initial instrument was evaluated with four computer voices
(feminine and masculine by young and old) in an online user per-
ceptions study (𝑁 = 100). Exploratory factor analysis resulted in 24
items (four removals). Confirmatory factor analyses on data from
a new suite of six voices (masculine and feminine by child, adult,
and older adult) and participants (𝑁 = 150) confirmed that the 24
items were contained within five underlying factors:

(1) Trustworthiness (Practical, Reliable, Trustworthy, Depend-
able, Intelligent, Knowledgeable, Competent, Accurate)

(2) Appeal (Attractive, Enjoyable, Happy, Pleasant)
(3) Comfort (Warm, Kind, Friendly, Relaxing, Calming)
(4) Anthropomorphism (Human-like,Machine-like, Natural, Fake)
(5) Aversion (Scary, Annoying, Frustrating)
Participants used a 7-point Likert scale (0 = strongly disagree to

6 = strongly agree, with neither agree nor disagree as the midpoint)
to rate the voices across the 24 items.

3.3 Procedure
The study was conducted following the ethical guidelines of the
Computer Science and Software Engineering Department at the
Chalmers University of Technology, Sweden. Participants first read
the study description, provided informed consent, and reported
their age. Those in the primed group were informed that the voices
they would hear were ambiguous, using the following text: "In this
experiment, you will listen to six ambiguous voices, one after the
other. We are interested in what you think these voices sound like. An
ambiguous voice is a voice that does not clearly fit into traditional
male or female categories by blending both masculine and feminine
characteristics." This definition was adapted from De Cet et al. [19].
Participants in the non-primed group were shown the following
text: "In this experiment, you will listen to six voices, one after the
other. We are interested in what you think these voices sound like."

Before starting, a test sound (available in the supplementary
materials) was played to help participants adjust the volume of their
headphones. Then, they listened to six voices, one at a time, and
rated them using the 7-point Likert scale items from VOXI (refer to
3.2). The order of the six voices was randomised for each participant
but not fully counterbalanced, as full counterbalancing would have
required an impractically large sample size. Each voice spoke the
same utterance: "Hello! I’m a robot and I work as a tour guide. My
work consists of guiding people aroundmuseums and galleries!". These
utterances were retrieved from samples received from researchers
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Voice name Pitch (Hz) Speech Rate (words/sec) Accent
Sam [17] 142.63 2.54 American English
Can_1 [68] 138.17 2.39 American English
Can_2 [68] 157.65 2.66 American English
Mini [48] 248.68 2.40 Indian-accented English
Blue [63] 174.23 2.67 American English
Fable [63] 124.33 2.82 British English

Table 2: Acoustic characteristics of the 6 collected ambiguous voices: pitch, speech rate and accent.

who have recently developed gender-ambiguous artificial voices [17,
49, 68]. The utterance was chosen as it is semantically neutral (as
validated in a previous study [20]). Utterances were kept short (∼8s)
to avoid participant fatigue; nevertheless, first impressions based on
voice are accurate and reliable even after very short auditory stimuli
[39]. Participants were instructed to focus solely on the sound of
the voice and not to the linguistic content. This was emphasised at
multiple points throughout the procedure: 1) before the experiment
began, participants were told, "We are interested in what you think
these voices sound like", 2) before listening to the test sound: "Please
do not pay attention to what the voice is saying. Focus only on the
sound of the voice itself", and 3) after listening to the test sound:
"Before you begin, please keep in mind that we are interested in your
initial gut reaction to the voices (ambiguous voices in the primed
condition). If you understand, you may proceed with the experiment".

At the end of the experiment, participants were asked to note
if they had experienced any technical issues, and were given the
option to leave an open-ended comment on the whole experience.

The completion time for the experiment ranged approximately
between 7 and 11 minutes, and participants were compensated at a
rate of £9.00 per hour, following Prolific standards.

4 Results
In this section, we first outline the data analysis process, followed
by the presentation of our results. The results are organised by
factor and compared across voice and participant gender groups
within each factor. Summary statistics can be found in Table 3.

4.1 Data Analysis
Quantitative analyses were conducted in R version 4.4.2. The 24
total ratings were combined to obtain five voice perception factors
(trustworthiness, appeal, comfort, anthropomorphism, aversion),
following instructions from the developers of VOXI; for each of
these factors, we built ANOVA models with perception factor as
dependent variable, and voice (Blue, Can_1, Can_2, Fable, Mini,
Sam), participant gender (woman, man, non-binary), and priming
(primed, not primed) as independent variables. Additionally, we
looked at interactions between the independent variables. Post
hoc pairwise comparisons were run using the Tukey HSD method,
which adjusts the alpha value to account for multiple comparisons
(see Table 4). Internal consistency of the VOXI questionnaire was
assessed using Cronbach’s 𝛼 , showing good to excellent reliability
for each scale (trustworthiness = 0.95; appeal = 0.92; comfort = 0.93;
anthropomorphism = 0.94; aversion = 0.81).

4.2 Trustworthiness

Figure 1: Mean ratings of trustworthiness for each of the six
gender-ambiguous voices considered in the study.

We found a significant main effect of voice (𝐹 (5, 1321) = 71.84,
𝑝 < .001, 𝜂2

𝐺
= .214) and participant gender (𝐹 (2, 1321) = 12.62,

𝑝 < .001, 𝜂2
𝐺
= .019), and a significant interaction between priming

and participant gender (𝐹 (2, 1321) = 12.01, 𝑝 < .001, 𝜂2
𝐺
= .018).

For the main effect of voice, post-hoc comparisons can be found
in Table 4. Regarding themain effect of participant gender, as shown
in Figure 2, we found that non-binary participants rated the voices
as less trustworthy than women and men participants (all 𝑝 < .001).
Finally, for the interaction effect, we found that non-binary partici-
pants who weren’t primed rated the voices as less trustworthy than
all the other participants groups (all 𝑝 < .001).

Figure 2: Mean ratings of anthropomorphism, aversion and
trustworthiness divided by participant gender.

4.3 Appeal
We found a significant effect of voice (𝐹 (5, 1321) = 145.09, 𝑝 < .001,
𝜂2
𝐺

= .354), and a significant interaction between priming and
participant gender (𝐹 (2, 1321) = 4.74, 𝑝 = .009, 𝜂2

𝐺
= .007).

For the main effect of voice, post-hoc pairwise comparisons
are in Table 4. The interaction effect sank below the threshold for
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Voice name Trustworthiness Appeal Comfort Anthropomorphism Aversion
Sam 3.72 (1.07) 2.33 (0.95) 2.55 (1.04) 1.84 (0.95) 4.46 (1.30)
Mini 3.93 (1.11) 3.27 (1.34) 3.60 (1.30) 2.75 (1.42) 3.92 (1.47)
Can_1 4.10 (1.10) 2.86 (1.23) 3.19 (1.34) 2.09 (1.09) 3.94 (1.39)
Can_2 4.26 (1.00) 3.41 (1.08) 3.54 (1.04) 2.73 (1.19) 3.66 (1.26)
Blue 4.47 (0.95) 3.60 (1.21) 3.68 (1.19) 3.38 (1.45) 3.44 (1.35)
Fable 5.34 (0.84) 5.07 (1.01) 5.00 (0.95) 5.42 (1.20) 2.13 (0.97)

Table 3: Summary statistics (mean and standard deviation) of the voice ratings across the 5 VOXI scales.

statistical significance (𝛼 = .05) after taking into account correction
for multiple comparisons using the Tukey HSD test.

Figure 3: Mean ratings of appeal for each of the six gender-
ambiguous voices.

4.4 Comfort
We found a significant effect of voice (𝐹 (5, 1321) = 109.09, 𝑝 < .001,
𝜂2
𝐺

= .292), and a significant interaction between priming and
participant gender (𝐹 (2, 1321) = 6.25, 𝑝 = .002, 𝜂2

𝐺
= .009).

For the main effect of voice, post-hoc pairwise comparisons
can be found in Table 4. Regarding the interaction effect, after
accounting for multiple comparisons, the only significant compar-
ison within the interaction effect was found for the non-binary,
non-primed participants, who rated the voices lower than the men
non-primed participants (𝑝 = .003).

Figure 4: Mean ratings of comfort for each of the six gender-
ambiguous voices.

4.5 Anthropomorphism
We found a significant main effect of voice (𝐹 (5, 1321) = 248.15,
𝑝 < .001, 𝜂2

𝐺
= .484) and participant gender (𝐹 (2, 1321) = 6.97,

𝑝 < .001, 𝜂2
𝐺
= .010), and a significant interaction between priming

and participant gender (𝐹 (2, 1321) = 4.86, 𝑝 = .008, 𝜂2
𝐺
= .007).

For the main effect of voice, post-hoc pairwise comparisons
can be found in Table 4. Regarding participant gender (Figure 2),
we found that the non-binary participants rated the voices as less
anthropomorphic than women (𝑝 = .03) and men (𝑝 < .001). Finally,
for the interaction between priming and participant gender, men
who were not primed rated the voices higher than men who were
primed and non-binary people primed (𝑝 = .04 and 𝑝 = .008,
respectively), and non-binary people who were not primed rated
the voices lower than men who were not primed (𝑝 < .001).

Voice pair Trustworthiness Appeal Comfort Anthropomorphism Aversion
Fable - Blue p <.001 p <.001 p <.001 p <.001 p <.001
Fable - Can_2 p <.001 p <.001 p <.001 p <.001 p <.001
Fable - Can_1 p <.001 p <.001 p <.001 p <.001 p <.001
Fable - Mini p <.001 p <.001 p <.001 p <.001 p <.001
Fable - Sam p <.001 p <.001 p <.001 p <.001 p <.001
Blue - Can_2 n.s. n.s. n.s. p <.001 n.s.
Blue - Can_1 p = .001 p <.001 p <.001 p <.001 p <.001
Blue - Mini p <.001 p = .03 n.s. p <.001 p <.001
Blue - Sam p <.001 p <.001 p <.001 p <.001 p <.001

Can_2 - Can_1 n.s. p <.001 p = .02 p <.001 n.s.
Can_2 - Mini p = .008 n.s. n.s. n.s. n.s.
Can_2 - Sam p <.001 p <.001 p <.001 p <.001 p <.001
Mini - Can_1 n.s. p = .003 p <.001 p <.001 n.s.
Can_1 - Sam p = .001 p <.001 p <.001 n.s. p <.001
Mini - Sam n.s. p <.001 p <.001 p <.001 p <.001

Table 4: Post-hoc pairwise comparisons between the 6 gender-ambiguous voices, across 5 VOXI scales. Comparisons were
conducted using Tukey HSD tests, which account for multiple comparisons.
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Figure 5: Mean ratings of anthropomorphism for each of the
six gender-ambiguous voices.

4.6 Aversion
For the aversion factor, we found amain effect of voice (𝐹 (5, 1321) =
86.21, 𝑝 < .001, 𝜂2

𝐺
= .246), participant gender (𝐹 (2, 1321) = 9.57,

𝑝 < .001, 𝜂2
𝐺
= .014), and a significant interaction between priming

and participant gender (𝐹 (2, 1321) = 10.29, 𝑝 < .001, 𝜂2
𝐺

= .015).
Again, priming was not a statistically significant factor.

Post-hoc pairwise comparisons for the main effect of voice can
be found in Table 4. Regarding gender (see Figure ??), we found that
non-binary participants rated the voices as higher in aversion than
the women participants (𝑝 < .001). Finally, for the interaction effect,
we found that non-binary non-primed participants rated the voices
higher on aversion compared to women non-primed and primed,
men non-primed, and non-binary primed (all 𝑝 < .001). Also, men-
primed participants rated the voices higher than women-primed
and non-primed (𝑝 = .05 and 𝑝 = .03, respectively).

Figure 6: Mean ratings of aversion for each of the six gender-
ambiguous voices.

4.7 Summary
In sum, we found a main effect of voice across all VOXI scales; a
main effect of participant gender for the trustworthiness, anthro-
pomorphism, and aversion scales; and limited secondary effects of
participant priming. The results are further summarised in Table 5.

4.8 Open-ended Comments
As the question "Do you have any other comments?" was optional,
only a few responses were collected. Apart from some remarks
describing the experiment as fun, interesting, or intriguing—made
by participants across all groups, women (W), men (M), and non-
binary (NB)—some other comments are particularly noteworthy.

A few comments were not very positive. One participant (NB)
reported that "Some voices are too slow and the pitch is off", and
another (W) mentioned that "many of the voices were monotonous".
Another one (W) said "Very bizarre diction should be fixed to make
the voices less irritating".

Two other participants focused more on the robot-likeness of
the voices. One (W) stated that "all voices sounded very robot-like",
while another (M) said "I spotted one that I’m sure was a real human
voice, the rest had varying degrees of robot-ness to them".

One participant (W) found some of the characteristics used to
rate a voice a bit difficult to understand, such as whether a voice is
“dependable”.

Lastly, some participants focused on the accents: "Only that the
British accent was the least fake sounding" (W), "I like the British one
the best (maybe because I’m British?)" (M), "I enjoyed listening to the
different voices, it would be nice to hear more accents as well" (NB),
and "only that I was strongly influence by accents" (W).

5 Discussion
Understanding user perceptions in voice interactions has been a fo-
cus point in research on conversational user interfaces, particularly
about gender. However, much of the previous work has primarily
addressed binary gender categories, often not including the experi-
ences of gender-diverse individuals, especially non-binary users.
Moreover, gender-ambiguous and related voice stimuli are often
studied in isolation, preventing useful listener comparisons. The
results of our analysis reveal several implications related to voice
ambiguity, voice type, the experiences of non-binary individuals,
priming effects, and voice design. We discuss each in turn below.

5.1 Beyond-gender voice perceptions (RQ1)
Overall, our study revealed that certain voices were preferred over
others. Specifically, "Fable" was the most liked voice overall, while
"Sam" and "Can_1" were the least liked. Notably, "Fable" was the
only voice with a British accent, which may have contributed to
its higher ratings. Given that our Prolific participants were primar-
ily from the UK, this suggests a possible in-group preference, or
familiarity with the accent [10, 34]. While artificial voices are often
designedwithout explicit consideration of accent, research indicates
that accent is a key factor in perceptions of likeability, trustwor-
thiness, and overall person perception [10, 67, 71]. Moreover, even
synthetic accents are noticed and can influence listener evaluations
[3, 69]. This further supports the idea that beyond gender ambigu-
ity, accent and other sociolinguistic factors play an essential role in
voice perception. Thus, ambiguity alone cannot be the only design
consideration when designing inclusive voices.

To address our first research question—how participants evaluate
ambiguous voices across different voice perception dimensions—the
following paragraphs discuss it.

Trustworthiness: It appears that the six ambiguous voices are
perceived differently in terms of trust, which is not surprising since
individuals have varying preferences for voices [4]. Our findings
show that women and men tend to trust ambiguous voices more
than non-binary participants. Additionally, in the priming con-
dition, non-binary individuals showed even lower trust in these
voices. This overall lower trust among non-binary participants–
both in the primed and non-primed conditions–may stem from a
greater awareness of voice-related biases or a lack of personal reso-
nance with the voices presented. In the priming condition, where
voice ambiguity was explicitly mentioned, this effect may have
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Effect Trustworthiness Appeal Comfort Anthropomorphism Aversion
Voice ✓ ✓ ✓ ✓ ✓

Participant Gender ✓ × × ✓ ✓
Priming × × × × ×

Gender x Priming ✓ ✓ ✓ ✓ ✓

Table 5: Summary of statistically significant (checkmark) or non-statistically significant (x sign) effects found in the analysis.

been amplified, potentially making non-binary participants more
self-conscious about the topic and more critical in their evaluations.

Comfort and Appeal: Participants’ perceptions of how com-
forting and appealing the voices were also varied. In terms of com-
fort, women and men found the voices comfortable, with varying
preferences. However, knowing why these ambiguous voices are
comforting or appealing is open for future research, since multiple
reasons can play a role, including familiarity with the voice’s ac-
cent, or acoustic properties that might make a voice sound generally
"attractive" [31, 78]. On the other hand, non-binary participants
who were not primed perceived the ambiguous voices as more
uncomfortable compared to the other groups.

Anthropomorphism: Associating anthropomorphism with
voice characteristics can be explained by recent research presented
in Schreibelmayr and Mara [51], which shows that individuals who
perceive a voice as human-like are more likely to consider it anthro-
pomorphic. In our study, women and men rated the six voices as
anthropomorphic, with some variations in preferences. On the other
hand, non-binary participants showed a clear tendency to perceive
ambiguous voices as less anthropomorphic compared to women
and men. Relating this to the findings in [51], it might be that non-
binary individuals do not perceive these voices to hold human-like
characteristics, while women (in both primed and non-primed con-
ditions) and men (especially in the non-primed condition) do. This
argument can be supported by the fact that even when non-binary
participants were primed about the ambiguity of the voices, the rat-
ings were lower compared to women. This can be further explained
by the factors we discussed in the "Trustworthiness" category. The
lower ratings could reflect a heightened awareness of voice-related
biases or a lack of personal resonance with the voices, as non-binary
participants might feel less connection to voices they perceive as
ambiguous or not representative of their identity.

Aversion: Generally, the only group that showed higher aver-
sion to the voices was non-binary participants, with an even higher
aversion rate among non-primed non-binary participants. One pos-
sible explanation is that non-binary individuals perceive ambiguous
voices differently [28], suggesting the six ambiguous voices may
have been synthesised with specific acoustic features that induced
discomfort for non-binary participants, thereby eliciting an aversive
response. However, this was not the case for women and men.

5.2 Priming Effects (RQ2)
Our second research question asked whether informing people
about the nature of a voice impacts their perceptions. We found
that priming does not affect participants overall, as it was never a
statistically significant factor in the analyses. However, we found
some interactions with participant gender, as it tended to make

non-binary participants like the voices even less, which is some-
what contrary to our expectations. For instance, the work of Hope
and Lilley [28] would suggest that those who identify as women
or gender-diverse would appreciate gender-ambiguous voices over
other gendered voices. At the same time, non-binary people may
have the most at stake when it comes to gender-ambiguous voices
that may potentially be labelled as “non-binary”, both in terms of
representation (e.g., via self-used avatars, as well as non-self chat-
bots, robots, and VAs), but also in terms of any potential backlash
(e.g., if bigots complain that designers are making “woke” tech-
nologies). In contrast, people who have less interest would be less
critical and potentially like these voices more. This deserves critical
interrogation: echoing Fujii et al. [24], we note that non-binary
populations may be at risk of more readily embracing stereotyped
or low-quality voice options labelled or perceived as marginalised
human identities. As such, we suggest that non-binary and gender-
diverse people have the most interest in directing the course of
computer voice and TTS development and uptake, which we discuss
more in subsection 5.4 and section 6.

5.3 Gender effects (RQ3)
When considering the overall perception of ambiguous voices, no
differences were found between men and women. However, non-
binary participants generally rated the ambiguous voices more
negatively. They provided lower scores for trustworthiness, appeal,
comfort, and anthropomorphism and expressed greater aversion to-
ward the ambiguous voices. In the open-ended feedback, non-binary
participants contributed fewer comments. Only two participants
left feedback (see Section 4.8): one mentioned that some voices
were too slow and the pitch was off, while another suggested that
more accents would have been preferable.

The lower ratings from non-binary participants could be attrib-
uted to several interrelated factors. First, these voices may not
have offered a sense of personal connection or recognition, as they
might not have adequately represented non-binary identities or
lived experiences. This aligns with past research suggesting that
representational mismatch can reduce user trust and engagement,
especially among marginalised groups [17, 28]. Second, non-binary
participants may have been more attuned to subtle design biases
and limitations in the voices, evaluating them more critically due
to heightened awareness of exclusion or misrepresentation in tech-
nology. Notably, this group also rated the voices as less anthropo-
morphic and appealing, further suggesting a lack of resonance.

The priming condition, which explicitly framed the voices as
ambiguous, may have amplified this effect by prompting deeper
reflection on the adequacy and authenticity of these voices as in-
clusive representations. Rather than fostering a sense of belonging,
priming may have made some participants more conscious of the
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gap between design intent and lived experience. Finally, although
the voices were designed to be gender-ambiguous, non-binary par-
ticipants may have still detected subtle gendered cues—such as
pitch, cadence, or vocal affect—that signalled binary gender norms,
leading to discomfort or even aversion.

These findings raise important questions for future work. If am-
biguity alone fails to engender trust among those it aims to include,
designers must reconsider whether it is a sufficient strategy for
inclusive voice design. Instead, voice technologies may need to
move toward more explicitly non-binary or community-informed
representations. As such, this result challenges the field to criti-
cally re-evaluate assumptions around neutrality and inclusivity, and
centre non-binary users in both design and evaluation processes.

5.4 Limitations and Future Work
We acknowledge some limitations in the study, which could serve
as starting points for future research. First, while we recruited a bal-
anced sample of women, men and non-binary participants, the gen-
eralisability of our findings may be limited due to the UK’s specific
cultural and linguistic context. Future research should explore how
cultural background influences perceptions of gender-ambiguous
voices, as attitudes toward gender and language vary across regions.
Furthermore, accents influenced participants’ perceptions, as the
voice with a British accent was preferred the most, likely due to
the cultural context of the UK.

Second, we had little control over the diversity of the stimuli
(the artificial voices) since there are currently very few gender-
ambiguous voices available. As a result, we were limited to using the
small set of voices accessible to us, which may not fully represent
the range of possible gender-ambiguous voices. While our study
provided more options for comparison than in previous work, we
recognise that this remains a limitation. We hope that as the field
advances, a wider and more varied selection of artificial voices will
become available, enabling more comprehensive investigations into
perception differences.We also encourage researchers to collaborate
with industry partners, developers in TTS and related technologies,
and non-binary communities [17] and perhaps provide open source
material for research use.

Our analysis also did not account for potential interactions
with other individual differences, such as participants’ familiarity
with synthetic voices (not only recognition of the voices, but also
similarity-to-self, which may [11] or may not [23] affect judgments)
or attitudes toward gender diversity (for example, the Openness
towards Non-Binary Gender (ONBG) scale [40] or the Transgender
Attitudes and Beliefs Scale (TABS) [32]). Incorporating additional
measures, such as prior exposure to voice technology or implicit bi-
ases, could provide deeper insights into the mechanisms underlying
(ambiguous) voice perceptions.

To the best of our knowledge, this was the first work looking at
how people perceive different ambiguous voices; given our results,
in the next paragraphs, we highlight possible research avenues.

Explore a palette of gender-ambiguous voices: Creating a
gender-ambiguous voice that is universally perceived as such re-
mains a challenge [56, 68]. Nevertheless, the community continues
to make strides by developing novel gender-ambiguous voices [35,
68], identifying gender-ambiguous (and gender-neutral, potentially

non-human) voices [59], and modifying existing ones [36]. We en-
courage researchers to contribute their ambiguous voices to our
repository containing gender-ambiguous voices [12]. We hope this
resource will serve as a starting point for fostering the develop-
ment and open sharing of gender-ambiguous voices within the
CUI research community and will support those aiming to better
understand their characteristics.

Understand and integrate diverse gender perceptions: To
design truly inclusive gender-ambiguous voices, we must deepen
our understanding of how individuals from minority gender com-
munities, including non-binary [35], agender [33], X-gender [16],
and other third or non-colonial gender identities [18], perceive
these voices. Previous work has begun to explore whether such
voices are experienced as appealing or alienating [17, 21, 27], but
much remains to be done. People’s impressions of gendered voices
are shaped by deeply ingrained mental models of human social
identity [25, 44], making it essential for designers and researchers
to actively reflect on and include these diverse identities in both
development and evaluation. Doing so can help prevent the un-
intentional exclusion or erasure of non-binary and non-Western
gender experiences and ensure that gender-ambiguous voices foster
genuine inclusion rather than reinforcing hidden biases.

Put the voice to work: While our research moves the field for-
ward by shifting from mere perceptions of voice gender to general
attitudes, this is only the first step. We must explore the impact
of deploying such voices in various contexts, with a diversity of
people [19]. At present, we have only described people’s first im-
pressions. Observational research, especially with a longitudinal
component, experimental controls, and/or rich qualitative meth-
ods [61] can reveal the answer to the “so what?” question that
currently remains elusive.

Examine the role of cultural context in voice perception:
Beyond gender, cultural context may significantly influence how
gender-ambiguous voices are received. Accents [34], notably, but
also linguistic features and culturally specific gender norms, can
shape how voices are interpreted across different communities.
Investigating how cultural background impacts the perception of
ambiguous voices could offer valuable insights into designing voices
that are truly inclusive on a global scale. Future work could explore
whether people from different cultural contexts perceive voice am-
biguity in distinct ways, helping guide the development of voice
technologies that are both culturally sensitive and broadly accepted.

6 Conclusion
Computer voices can be found across a range of media and interac-
tive technologies, from video games to smart homes to virtual assis-
tants. The emergence of human-like artificial voices in combination
with advanced Natural Language Processing from generative AI has
set the stage for naturalistic voice-based human-agent interaction
in the years to come. Our work, building on a small but growing
body of work within and beyond HCI and CUI spaces, shows how
vital the “flavour” of voice is for different people. Absent of content
or engagement, people rely on what they can “hear” in the voice
when making judgments about trustworthiness, comfort, appeal,
anthropomorphism, and aversion.
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In this study, we evaluated six gender-ambiguous voices with par-
ticipants from a range of gender identities, including men, women,
and non-binary individuals. The design of the study involved both
a priming condition, where participants were told that the voices
were gender-ambiguous, and a control condition, where this infor-
mation was withheld. This allowed us to examine how participants’
perceptions were shaped not only by the voices themselves but
also by the context in which they encountered them. Our find-
ings revealed that non-binary participants expressed significantly
lower trust and higher aversion toward the voices compared to
men and women. This suggests that the current design of gender-
ambiguous voices may not fully resonate with non-binary people,
challenging the assumption that ambiguity alone fosters inclusivity.
Furthermore, the priming condition amplified this effect, making
non-binary participants more self-conscious about the voices’ rep-
resentation, likely contributing to their more critical evaluations.

Moreover, accent emerged as a key factor in the likeability and
acceptance of these voices, with diverse accents contributing to
higher engagement. This highlights the importance of considering
factors such as accent and cultural context in the design of voice
technologies, as these elements can significantly impact users’ per-
ceptions and experiences.

Our research emphasises the need formore inclusive, community-
informed design practices in voice technology, particularly when
aiming to serve marginalised or under-represented groups. As we
move forward in the development of human-agent interactions,
these findings highlight the importance of considering a broader
spectrum of identity and experiences in designing and evaluating
voices for future systems. In doing so, we can ensure that voice
technologies are more inclusive, relatable, and trustworthy for all.
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