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Abstract

Voice shapes social perception quickly and persistently. Beyond transmitting
content, it shapes impressions of gender, age, origin, warmth, competence, and
authority, which in turn affect how speakers and technologies are judged. In
Human-Robot Interaction (HRI) and Human—Computer Interaction (HCI),
robots and voice assistants commonly use clearly masculine or feminine syn-
thetic voices. This practice reflects a broader tendency to rely on binary gender
cues, both as a general design convention and as a means of making technology
appear natural and acceptable. However, these design defaults can reinforce
gender stereotypes and role expectations, contribute to masculine-by-default
perceptions of technology, and make interactions less welcoming for users who
do not align with binary categories. This thesis examines gender-ambiguous
synthetic voices as a design intervention that resists clear categorisation within
masculine or feminine norms, investigating how such voices are perceived,
whether they support inclusion, and whether they influence robot gendering.

This thesis comprises four papers. Paper I presents a systematic review of
voices beyond the binary in HCI, revealing inconsistent terminology, limited
transparency about voice availability, and a lack of methodological consist-
ency in evaluation. Paper II reports a large-scale perception study evaluating
ambiguous voices across trustworthiness, comfort, appeal, anthropomorphism,
and aversion, showing that these voices are not experienced uniformly and
can elicit more critical responses from nonbinary listeners. Paper III and
Paper IV examine how voice influences imagined and constructed robot form
using sketching and physical prototyping as methods. Together, these studies
show that gender-ambiguous voices can reduce explicit gender attribution and
encourage less clearly gendered embodiments, while a masculine-by-default
tendency remains.

Overall, this thesis shows that gender-ambiguous voices can soften binary
gendering in interaction and robot design, but they do not provide identity-
based inclusion without community-informed approaches and careful framing.
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Chapter 1

Introduction

What grabs your attention when you meet someone? For me, it is usually the
voice. Sometimes it is because the voice is soft and calm. Other times, it is
because it has a darker pitch that reminds me of the narrator from the Puss in
Boots cassette I loved as a child. And sometimes it is simply because I love the
accent of the person speaking. For example, after three years living in Sweden,
I can say I genuinely enjoy a thick Swedish accent when a Swede speaks English.
People joke that it sounds like listening to Stitch, from Lilo&Stitch, which
honestly feels very accurate. But every time I say this to Swedes, they look
horrified and say: “Oh no, Swedish English sounds awful”.

Honestly, I get it. I feel the same when someone tells me they love an Italian
speaking English with a very thick Italian accent. When I ask why, they say it
is musical, elegant, and full of passion. I always think, “Is it?” I never quite
see it that way. But reactions like these make it impossible to ignore how much
importance we give to voice and all the small details that come with it: pitch,
accent, speed, and many more.

All of this to say that voice matters. It shapes how we see and hear each
other. It is everywhere. It is how many people express themselves, how they
are understood, and how they are categorised. Yet voice is more than sound.
It is not only a biological or a communication tool but also a social, cultural,
and political phenomenon [1]. How someone speaks can signal origin or social
position, and whose voice is listened to often reflects existing power relations.

Voice carries meaning. People interpret voices through assumptions about
gender, race, class, and identity. Listening to a voice involves more than
processing auditory cues; we hear a person. Rapid judgments then emerge:
Is this a man or a woman? Young or old? Trustworthy or not? Voice is also
political. Public systems often use feminine voices for care-related roles, while
masculine voices are usually used for authority and guidance. This pattern
aligns with research showing that synthetic male voices are commonly judged
as more persuasive and authoritative than synthetic female voices [2]. As you

3



4 CHAPTER 1. INTRODUCTION

can see, then, voice is never a neutral design choice; it is a site where social
norms are repeated, challenged, and negotiated [1].

Not only does voice carry meaning, but it is also central in everyday technology.
Voice assistants such as Siri and Alexa are present in hundreds of millions of
devices, with more than 320 million units as of 2024 in use worldwide [3]. These
systems typically adopt recognisably masculine or feminine voices, and this
choice has long been discussed within Human—Computer Interaction (HCI) and
Human-Robot Interaction (HRI). Research shows that using a gendered voice
shapes how users perceive an agent, affecting trust, likability, and acceptance
[4, 5, 6, 7, 8]. Voice conveys such impressions very quickly to listeners, and
thus voice design choices quickly shape everyday interactions with techno-
logy. While such reasoning may appear intuitive (and harmless), it carries
consequences. Gendered voice design can reinforce stereotypes and exclude
people whose identities fall outside binary expectations, motivating the need
for more inclusive alternatives [4, 9]. Importantly, this binary is reinforced
not only through design conventions but also through technical infrastructure:
widely used speech corpora largely contain only cisgender' male and female
voices and implicitly assume normative gender identities [11, 12].

For these reasons, recent HRI and HCI research has started exploring gender-
ambiguous (also referred to as gender-neutral or nonbinary) voices to move
away from gendered voice design and support more inclusive interactions. In
this context, ambiguity refers to vocal cues that do not clearly map onto either
masculine or feminine norms. Research in this area is only beginning to develop,
with only a few studies published [9, 13, 14], and its broader potential and
perception are largely unknown. For this reason, I started my PhD research
with the following research question:

RQ1: How do people perceive a gender-ambiguous voice?

Building on this, I then asked whether gender-ambiguous voices, often po-
sitioned as a more inclusive option, are perceived differently by listeners of
different gender identities. This question is particularly relevant given that
nonbinary and gender-diverse people are both strongly affected by binary voice
design and remain under-represented in HCI and HRI research, as shown in
recent meta-reviews [15, 16]. Therefore, I extend RQ1 with the following:

RQ1a: Do perceptions differ between men, women, and nonbinary
participants?

If perceptions and gender attributions differ across gender groups, then voice
design choices can have uneven consequences, including who feels addressed,
represented, or excluded. As argued by Spiel et al. [17, 18], technological
systems always encode assumptions about gender, and designs presented as
neutral often reproduce binary norms that privilege cisgender and binary users.

I Cisgender refers to a person whose gender identity matches the sex they were assigned
at birth [10].
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This raises a practical question for voice design: if a system uses a gender-
ambiguous voice instead of a clearly gendered one, does it increase inclusivity
for users with diverse gender identities? For this reason, I investigate:

RQ2: Can a gender-ambiguous voice increase inclusivity?

Inclusivity, however, is not only about how users feel included or are represented;
it is also shaped by how strongly an agent is gendered through design cues. In
robotic systems, voice is one of the most salient cues shaping gender attribution
and associated expectations. Torre et al. [14] show that a gender-ambiguous
voice can reduce the gendering of a robot with stereotypically feminine or
masculine traits. Yet evidence in HRI remains limited, and we still lack a clear
understanding of when and how ambiguous voices influence robot gendering.
For this reason, my third research question asks:

RQ3: Does a gender-ambiguous voice influence robot gendering?

Before concluding this introduction and going more into the details of previous
work, I want to address two points: clarifying the terminology used for non-
gendered voices to keep the thesis consistent (see 1.1), and outlining how my
interest in HRI and this research started (see 1.2).

1.1 Terminology: A Clarification

Across the literature analysed for my systematic review [19], I found out that
researchers use several labels for voices that do not align with conventional
masculine or feminine categories. Common terms include “gender-ambiguous”,
“gender-neutral”, “genderless”, “non-binary”, “gender-free”, and “androgynous”.
Although often treated as interchangeable, they refer to different concepts. I
define them here as I understand them, after having read works such as [7, 14,
20, 21, 22, 23, 24:

e Gender-ambiguous, androgynous: Terms to describe a voice that
does not clearly fit into traditional male or female categories by blending
both masculine and feminine characteristics, making it difficult to identify
the speaker’s gender based solely on vocal characteristics.

e Gender-neutral, genderless, gender-free: Terms to describe a voice
that aims to avoid masculine or feminine characteristics, with no alignment
to male or female vocal traits, aiming for a balance that does not lean
towards either gender.

e Nomnbinary: A term to describe a voice that incorporates elements from
either feminine and/or masculine voices or neither, and is more linked to
someone’s identity rather than their voice.

In this thesis, I use “gender-ambiguous” as the term to describe non-gendered
voices. Labels such as “gender-neutral”, “genderless”, and “gender-free”, in
my opinion, imply a full removal of gendered cues, which is not feasible in
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practice with technology [22]. Listeners tend to classify voices using binary
expectations, and both acoustic features and linguistic content shape these
perceptions [7, 25]. “Gender-ambiguous” instead recognises that these voices do
not eliminate gendered traits but resist being placed cleanly into one category.
It also avoids the appearance-related associations that “androgynous” can
carry. Finally, because my PhD initially focused on reducing gendering rather
than representing specific identities, I avoided the label “nonbinary”, as this
primarily refers to a gender identity, not an acoustic category.

1.2 My Interest in HRI: Where It All Began

My interest in HRI began with the research I conducted for my master’s thesis,
which led me to the questions explored in this work and to my first publication
in this PhD journey [26]. In that study, I asked Swedish and Italian participants
to either look at a set of robot images and match each one to a voice, or listen
to a set of voices and choose the corresponding robot image. Afterwards, I
interviewed them about which voice they would prefer a robot to have, with
a particular focus on how gender and the context of interaction shaped their
choices.

Running that experiment made me realise two things: (1) I wanted to pursue
a PhD, and (2) I wanted it to focus on voices. The first became clear because
I enjoyed designing, running, and analysing the study, as well as the lab envir-
onment. The work was varied, and the mix of tasks made the whole journey
engaging. The second point came from seeing how differently Italian and
Swedish participants responded. Swedish participants said they disliked female
voices for cleaning robots because they reinforce gender stereotypes, whereas
Ttalian participants described female voices as kinder and more pleasant for
assisting and support roles. This contrast made me realise how complex and
culturally dependent voice perception is. Some Swedish participants also said
they would prefer a gender-neutral voice for their robot. My first reaction was
“Wait, what? Gender neutral? What do you mean?” But once I started looking
into it, I realised how interesting and important the idea was and how little I
had considered it before.

After thinking more about it, something clicked. I started reading and listening
to available non-gendered voices, such as @, the first genderless voice?, and
I quickly realised this was also the type of voice I would have preferred in a
voice assistant. For example, very masculine voices on Google Maps make me
feel like I am being mansplained. Very feminine voices, like the one I had on
my Alexa, feel strange because they sound as if I am being helped by a woman,
which in my head reinforces the stereotype of women being helpful. For this
reason, the more I read, the more I thought: “These non-gendered voices make
a lot of sense”.

2www.youtube.com/watch?v=lvv6zY OQqmO0
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So here I am, presenting my research on gender-ambiguous voices, which
connects directly to the idea of gender-neutral voices raised by Swedish parti-
cipants in that first study. In the next chapter, which serves as related work,
I situate this thesis within the growing presence of robots in everyday life
and the challenges that follow, focusing on robot gendering and the persistent
masculine-by-default effect. I then introduce key perspectives from gender and
queer studies to frame why moving beyond binary categories matters, before
introducing design strategies that aim to reduce gender attribution. Finally, I
examine voice as a central cue in robot perception and summarise the state
of the art on voices beyond the binary, highlighting what is known and where
gaps remain that motivate my research questions.



CHAPTER 1. INTRODUCTION




Chapter 2

Background

Figure 2.1: Examples of robots used in everyday environments.

Modern society increasingly relies on robots to perform a wide range of tasks,
including education, transportation, healthcare, entertainment, and other do-
mains. In the past, robots were primarily used in controlled settings to carry
out repetitive tasks based on predefined instructions. Today, robots are in-
creasingly involved in complex and less regulated activities that require direct
or indirect interaction with people.

As illustrated in Figure 2.1, robots are already present in everyday environ-
ments. The first and last images show service robots currently used in cafés
and restaurants, where they take orders and deliver food. Such robots are now
common in several countries, including Japan. The first image, for example,
was taken by me at the Dawn Café in Tokyo, an avatar-robot café where
remote staff “pilots” robots in real time to greet and talk with customers,
guide them through the experience, take orders, and perform café service and
delivery-style tasks. The second image from the left shows a delivery robot,
part of a service that has become popular in some areas of the United States.
Instead of relying on human couriers, packages are placed inside the robot,
which then autonomously travels to its destination.

Robots are also increasingly present in educational contexts. The second image
from the right depicts children interacting with a robot, reflecting a growing
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interest in social robots as learning companions. Research suggests that social
robots can support education by acting as tutors, assisting with repetitive tasks
such as attendance, or encouraging peer interaction [27]. For instance, Alemi
et al. [28] investigated the use of a humanoid robot (NAO) in English language
teaching in Iranian junior high schools. Students who learned with the support
of the robot in addition to a human instructor outperformed those taught using
traditional methods alone, both in vocabulary retention and learning speed.
This study illustrates how robots are not only envisioned for future applications
but are already being explored in applied contexts.

Beyond education, another area where robots are highly used is healthcare. In
these contexts, social robots can provide companionship, assistance, and emo-
tional support. A growing body of research highlights their potential benefits.
For example, Rakhymbayeva et al. [29] used a social robot in long-term therapy
sessions with children diagnosed with autism and, in some cases, co-occurring
ADHD. The robot supported therapy by offering a range of interactive activities
that were adapted over time to each child’s preferences and responses, helping
to sustain engagement across multiple sessions. Their results showed that
children remained attentive and involved over repeated interactions, partic-
ularly when sessions included familiar activities tailored to individual needs,
highlighting the potential of social robots to support personalised and scalable
therapeutic interventions. Recent work [30] also suggests potential benefits for
mental wellbeing. This study compared human-, robot-, and digitally guided
meditation sessions and found that robot-led sessions produced the greatest
reductions in anxiety, despite lower reported trust, highlighting the potential
of social robots to provide scalable mental health support.

Taken together, these examples demonstrate that robots are already embed-
ded in many areas of society and that their presence is likely to continue to
grow. Alongside this increased adoption, familiar social perception processes
become more consequential. For example, people routinely anthropomorphise
non-human entities, applying human categories to make sense of them. When
applied to robots, this tendency is not inherently problematic, but it can create
specific challenges for interaction design and inclusion. One such phenomenon
is robot gendering, that is, the tendency for people to assign a gender to ro-
bots. Gendering can arise for various reasons, including linguistic conventions,
cultural norms, stereotypes about certain roles, and broader associations of
technology with masculinity. For example, robots may be perceived as male
by default due to grammatical gender (a property of some languages in which
nouns are assigned a gender category) or the masculinisation of technology, or
as female when associated with caregiving, service, or educational roles.

Such attributions raise important concerns. Indeed, gendered robots can rein-
force existing stereotypes and may influence how people behave toward both
robots and other humans. For instance, repeatedly interacting with feminine
robots in subordinate or service roles risks normalising similar expectations
toward women. For this reason, a substantial body of research in HRI has
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begun to critically examine gender and gendering in robotic systems. The next
section explores this literature in more detail.

2.1 Gendering Robots

Gender is a fundamental social category that shapes expectations, behaviours,
and social roles in everyday life [31, 32]. When meeting others, people quickly,
often unconsciously, use cues such as appearance, voice, name, body shape,
clothing, and non-verbal behaviour to judge someone’s gender [33, 34, 35, 36].
These processes of gender attribution are also applied to technology. As robots
increasingly enter social environments, users draw on the same perceptual
habits and gendered expectations they use with humans, interpreting robots
through familiar social categories.

Robot gendering refers to the attribution of gender to a robot through design
features such as voice, name, appearance, or behaviour [37]. This phenomenon is
not merely anecdotal: large-scale analyses of humanoid robot images show that
gender attribution is systematic [34]. Most robots are perceived as masculine
or gender-neutral, while feminine and androgynous robots are comparatively
rare, pointing to an underlying representational bias in robot design.

Gender has been widely used as an experimental variable in HRI research, with
a growing body of work examining how robot gender influences user percep-
tions, attitudes, and behaviour. Early empirical studies demonstrated that even
minimal gender cues can activate gendered expectations. For example, Siegel
et al. [38] investigated how robot gender and user gender affect persuasion in
a museum setting. Participants interacted with a humanoid robot that asked
for a donation, with the robot’s gender manipulated across conditions. Their
results showed complex interactions between robot gender, participant gender,
and social context. While women showed little preference, men were more likely
to donate to a female robot, and participants generally rated opposite-gender
robots as more convincing, dependable, and interesting. These findings were
surprising in light of social psychology research suggesting a tendency toward
same-gender preference and in-group bias [39].

While Siegel et al. [38] observed a preference for opposite-gender robots, Eyssel
et al. [40] found different results. In their experiment, they examined how
robot gender and voice type influence user perceptions, emotional closeness,
and anthropomorphism. They found that participants evaluated robots more
positively and felt a stronger emotional connection when the robot was per-
ceived as sharing their gender. This effect was particularly noticeable when
the robot used a human-like voice, suggesting that similarity can facilitate
projection and identification processes in HRI.

A robot’s role or occupation can also lead to gender attribution. For instance,
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Agkin et al. [41] showed that stereotypically gendered tasks led participants
to assign gender to an otherwise gender-neutral robot. This suggests that
gender attribution does not rely solely on perceptual cues, but is also shaped by
contextual and cultural expectations associated with specific roles [42]. Several
studies report that aligning a robot’s perceived gender with stereotypical role
expectations can lead to more positive attitudes, higher trust, and greater
acceptance [4, 5]. Tay et al. [43], for example, found that users responded more
positively when a robot’s gender matched the stereotype of its role, such as
feminine robots in healthcare or masculine robots in security roles. Similarly,
Fridin and Belokopytov [44] justified the use of a feminine voice for their robot
by noting that it operated in kindergarten settings, where most educators are
wormen.

These findings raise an important point. On the one hand, gender cues can
improve usability and acceptance by meeting user expectations. On the other
hand, they risk reinforcing existing stereotypes. A comprehensive scoping
review of gendering humanoid robots [45], shows that while robot gender does
not consistently affect likeability or acceptance, it has a robust and recurring
impact on stereotyping. In addition, while robots can be gendered in multiple
ways, one pattern appears particularly persistent: the tendency to perceive
robots as masculine unless explicit cues suggest otherwise. This so-called
“masculine-by-default” effect operates across language, culture, and technology,
shaping what is perceived as neutral, authoritative, or credible. The following
subsection examines how this default emerges, how it has been theorised in
feminist scholarship, and why it continues to influence perceptions of robots
and other technologies today.

2.1.1 Masculine by Default

For those who may not be familiar, the “masculine-by-default” effect describes
the tendency to interpret or represent things through a masculine lens, as-
suming maleness as the default category. This bias extends beyond science
into language and everyday life. For example, in my mother tongue, Italian,
which is a gendered language, the grammatical default is masculine. When
referring to professional titles such as judge, doctor, or director, the masculine
form is typically used. I began reflecting on this (problematic) default when
I once designed a poster for my choir and wrote “direttrice” (the feminine of
“director”) next to my mother’s name. She asked me to change it to “direttore”
(masculine of “direttrice”), explaining that “direttrice” sounded less serious
and less professional. That moment made me realise how deeply the masculine
default operates and how it shapes what we perceive as neutral, authoritative,
or credible.

When it comes to technology, this tendency becomes even more pronounced.
The “masculine-by-default” effect often describes how technologies are per-
ceived as male unless they are explicitly marked otherwise. This idea is not
new and has been examined across several disciplines, including feminist theory.
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Feminist scholars such as Donna Haraway have shown that what is often called
neutral or objective is in fact shaped by masculine norms. Haraway’s concept of
“the modest witness” [46] helps explain this. She describes how early modern
science built its authority on the figure of a detached and rational observer
who claimed neutrality but was implicitly imagined as male. This supposedly
objective stance became a model for how knowledge and truth were produced,
one that excluded embodied, emotional, or situated ways of knowing, often
associated with femininity.

This effect remains evident today. Indeed, technology is often treated as mascu-
line by default, including within HCI and HRI research. For example, Han et al.
[47] show that when chatbots lack explicit gender cues, users overwhelmingly
perceive them as male. This finding illustrates how claims of technological
“neutrality” frequently reproduce cultural associations between masculinity,
authority, and competence. The fact that this work was published in 2025
suggests that the masculine-by-default effect is not a historical artefact, but an
ongoing issue.

Several factors contribute to this pattern. In the case of robots, masculine
defaults have been linked to assumptions embedded in technological design
[34, 48] and the influence of the “male gaze” in shaping innovation [49], where
masculine perspectives implicitly guide what is designed, how it is designed,
and which users are prioritised. One reason the masculine-by-default pattern
also persists in robotics is that many people learn what a “robot” is supposed
to be through media representations long before they encounter real robots.
Popular film and animation repeatedly depict robots through character types
and design conventions that are readily read through masculine-coded conven-
tions, particularly in roles associated with authority, protection, combat, or
technical competence.

Figure 2.2 illustrates how popular film and animation contribute to the
masculine-by-default understanding of robots. Widely recognised robotic char-
acters are predominantly male-coded, either through names, voices, pronouns,
or narrative roles associated with strength, authority, combat, or technical
expertise, as exemplified by characters such as the Terminator T-800, Gundam
units, C-3P0O, Bender, and Baymax. These representations reinforce the idea
that masculinity functions as the unmarked and natural category for robots.
By contrast, when female-coded robots appear, such as Rosie or Dot Matrix,
they are typically assigned supportive, domestic, or service-oriented roles. This
asymmetry suggests that femininity in robotic representation is not absent
but role-dependent, becoming visible primarily when it aligns with traditional
gendered expectations of care or service.

Addressing this bias requires intentional design strategies that challenge and
disrupt these defaults. Incorporating diverse design choices can support less
gendered perception and interactions. In a context where binary gender divi-
sions increasingly fail to reflect lived experience, exploring design approaches
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that move beyond the binary becomes both timely and necessary. To provide
a theoretical grounding for this perspective, the next subsection introduces key
concepts from gender and queer studies that help frame why and how moving
beyond binary thinking is important in HRI (and not only).

Figure 2.2: Examples of robots from popular film and animation (Gundam
mobile suit from Mobile Suit Gundam; C-3PO from Star Wars; Bender from
Futurama; Rosie from The Jetsons; Dot Matrix from Spaceballs; Terminator
T-800 from The Terminator; and Baymax from Big Hero 6).
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2.1.2 Gender as a Spectrum: Beyond the Binary

After discussing robot gendering, its effects on users, and the concerns it raises,
I believe it is helpful to step back and reflect on the gender framework that often
underlies these discussions. In particular, I argue that embracing a “beyond
the binary” perspective is necessary, rather than thinking of technology (in
this case, robots) strictly as male or female.

Indeed, the world is full of diverse individuals, each with a unique gender
identity, and many people do not fit neatly into the “traditional” male/female
categories. Even when we examine biology, the “classic” two-sex division is
not fully accurate. While most humans can be categorised as male or female, a
portion of the population, for example, is intersex!, highlighting that sex (and
gender) cannot be understood solely through biological terms.

Beyond biology, gender identity itself is not limited to two categories. Non-
binary people identify outside the male-female binary, demonstrating that not
all individuals experience gender in binary terms. Recognising both intersex
and nonbinary people illustrates why restricting our understanding of sex and
gender to two categories is insufficient. Instead, it points to sex and gender as
existing along a spectrum, and embracing this diversity allows for a more in-
clusive perspective that acknowledges individuals’ varied and lived experiences.

This move toward thinking beyond the binary is not new. Feminist scholars
have long pointed out that what we call “sex” and “gender” is never just a
biological fact but always shaped by culture and power. Their work shows us
that the categories we take for granted, male and female, nature and nurture,
are themselves unstable [21, 51]. Gayle Rubin [21] distinguishes anatomical sex,
defined by the biological characteristics of bodies, from gender, which encom-
passes the cultural constructs and norms associated with those characteristics.
Rubin’s work highlights that traits and roles traditionally linked to men and
women are not innate but are shaped by societal and cultural influences.

Building on this perspective, Butler argues in Gender Trouble [20] that gender
is not something one “has” but something one “does”. Gender is performative:
it is created through repeated actions such as speaking, dressing, and mov-
ing, suggesting that societal norms dictate and reinforce what is perceived as
gendered behaviour. However, Butler also emphasises that social norms can be
disrupted. When gendered actions are repeated playfully or exaggeratedly, they
reveal gender as socially constructed rather than fixed [52]. Drag exemplifies
this process: by exaggerating masculinity or femininity, it reveals that all
gender expressions are performances, not expressions of some inner truth.

Hntersex is an umbrella term for people born with reproductive or sexual anatomy that
does not fit typical definitions of male or female. This can include variations in chromosomes,
genitals, and internal reproductive organs. Intersex variations are naturally occurring and
not a disorder, disease, or condition [50].
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Taken together, these perspectives highlight that gender is not a fixed property
that can be simply determined from a body or a voice, but an interpretation
shaped by social norms and repeated categorisation practices. In HRI, this
matters because robot gender is likewise produced through users’ inferences
from design cues and interaction context. The next subsection, therefore,
presents design strategies aimed at reducing gender attribution in robots,
before turning to voice and discussing how it can be used to avoid gendering
and stereotyping.

2.1.3 Reducing Gender Attribution in Robots

Given the complexities of robot gendering and the persistence of the masculine-
by-default effect, researchers have begun exploring design strategies aimed at
reducing gendering. One such approach is the use of gender-neutral designs.

The term “gender-neutral” generally refers to the absence of explicit gender
cues, with the goal of preventing users from assigning gender and, in turn,
reducing the negative effects of gendering [53, 54]. Within HRI, this approach
is often motivated by the assumption that removing gender indicators from
an agent’s design may limit gender-based expectations and biases. Empirical
work provides some support for this idea. For example, Warta [55] found
that participants preferred a human-like, gender-neutral robot over explicitly
gendered alternatives. Similarly, Otterbacher et al. [56] showed that robots
lacking overt gender cues did not elicit uncanny valley responses, while Strait et
al. [57] observed that gender-neutral robots received fewer negative comments
than gendered ones. Together, these studies suggest that reducing explicit
gender cues can have positive effects on user perception.

However, the notion of gender neutrality is not without limitations. Sutton [22]
argues that artificial agents cannot be truly gender-neutral, as humans tend
to assign gender whenever human-like features are present. Supporting this
claim, research shows that visual cues such as hair length can trigger gendered
attributions [4], vocal characteristics strongly shape perceived gender [40], and
even the occupational context associated with an agent influences how it is
gendered [41]. These limitations suggest that removing gender cues entirely
may be neither feasible nor sufficient, motivating alternative approaches to
reducing gender attribution.

In this context, voice emerges as a particularly important design dimension. A
recent review by Seaborn et al. [58] highlights voice as a key factor influencing
gender perception in robots and artificial agents. Simply hearing a voice is often
sufficient for users to assign gender, shaping expectations and interpretations
of the robot [26, 58, 59, 60]. This central role of voice is also reflected in
HRI research practice. In their review, Perugia and Lisy [45] report that
in the majority of the studies they examined, 78% of researchers relied on
voice as the primary cue to manipulate a robot’s gender. Precisely because
voice plays such a strong role in gender attribution, it has become a key focus
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for design interventions aimed at reducing gendering. As a result, there is a
growing interest in the development of non-gendered voices, both in research
and industry, enabled by advances in text-to-speech technologies (TTS) [9, 61,
62]. These voices represent a promising direction for more inclusive and less
stereotyped/gendered interactions with technology [63]. In the next section, I
first discuss the role of voice in HRI, why it is such a powerful design dimension,
and then move to gender-ambiguous voices and their potential.

2.2 The Role of Voice in HRI

Voice is one of the primary channels through which humans communicate
and understand each other, and it therefore plays a central role in shaping
social interaction. The human voice does more than simply convey spoken
content: it also carries rich information about who is talking, such as gender,
age, emotional state, and origin. People then draw on these cues to quickly
form impressions of a person, including whether they like and trust them
[64]. This is possible because voice is composed of multiple attributes, such as
volume, timbre, pitch, rhythm, and articulation, all of which contribute to how
vocal information is perceived and interpreted. Among these attributes, pitch,
defined as the perceptual correlate of the voice’s fundamental frequency (F0), is
a very easily quantifiable characteristic that influences many aspects of person
perception, including attraction, trustworthiness, and charisma. For example,
prior research shows that women tend to perceive higher-pitched male voices
as less attractive than lower-pitched ones [65], while both women [66] and men
[67] generally prefer higher-pitched female voices. Related work also shows
that other vocal cues shape these broader judgements: accent and prosody can
influence trusting behaviour [68], and acoustic patterns such as melody, tempo,
and fluency contribute to perceived charisma [69].

These findings underline the central role of voice in social perception. As a
result, voice has also been extensively explored in human-technology interac-
tion. Within the field of HRI, a growing body of work demonstrates that voice
strongly affects how users perceive and interact with robots. Early work by
Niculescu et al. [70] showed that vocal pitch alone can shape robot evaluations:
a high-pitched voice led people to perceive a robot as more appealing, emo-
tional, and engaging, whereas a low-pitched voice robot was associated with
strength and rationality, but lower social appeal. More recent work has shifted
attention to the increasing realism of synthetic voices and their implications
for interaction. For example, Becker et al. [71] compared natural-sounding and
mechanical robot voices and found that users expect robots to sound human-like
and perceive robots with natural voices as safer. While natural voices did not
directly increase reported trust, they influenced user behaviour by increasing
compliance, even when the robot provided incorrect advice. Together, these
studies show that vocal characteristics shape not only how robots are perceived,
but also how people respond to and rely on them during interaction.



18 CHAPTER 2. BACKGROUND

Beyond individual vocal attributes, prior work has shown that coherence
between a robot’s voice and its appearance is essential, and the quality of
interaction can depend on it. Mara et al. [72], for example, demonstrated
that human-like voices prompt people to imagine more human-like robot fea-
tures, such as a nose or hair, whereas less human-like voices lead to more
mechanical designs, such as robots with wheels. McGinn and Torre [60] invest-
igated the mental images participants form when hearing robots speak and
found that even when speech is incomprehensible, participants still associate
voices with specific robot forms. Their findings suggest that both voice and
appearance shape robot perception, and that assigning an incongruent voice
may introduce a confounding factor in HRI studies. Extending this line of
work, Torre et al. [73] explored how participants match voices to robot im-
ages across different contexts. They found that the same vocal characteristic
could lead to different robot choices depending on the situation, indicating that
people hold expectations about how a robot should sound even before hearing it.

Taken together, this literature shows that voice is not a secondary design
feature but a primary driver of robot perception, shaping users’ mental models.
Because voice influences impressions, expectations, and interaction quality from
the earliest stages, it requires careful design consideration. In the next section,
I introduce voices beyond the binary, present the state of the art, and discuss
their potential to reduce gendering and support inclusion.

2.3 Voices Beyond the Binary

Voices beyond the binary offer a concrete design space for testing whether
gender attribution and stereotyping can be reduced. These voices are variously
described as gender-neutral, genderless, gender-free, ambiguous, nonbinary, or
gender-expansive [22, 24, 74, 75]. While the terminology varies, these efforts
share a common goal: to move beyond binary gender categories while main-
taining clarity and naturalness. Offering alternatives beyond male and female
voices is relevant not only for reducing stereotyping but also for inclusivity.
Gender-diverse and gender-nonconforming individuals may feel better repres-
ented when technology does not force alignment with binary gender categories
[13, 18].

A growing body of research in HRI and HCI has begun to empirically in-
vestigate voices that move beyond binary gender categories. One of the first
studies in this area was conducted by Torre et al. [14], who examined whether
a gender-ambiguous voice could interfere with gendering when other robot
characteristics were strongly gendered. In a video-based study, participants
evaluated robots whose appearance and occupational roles were stereotypically
masculine or feminine, either with or without a gender-ambiguous synthetic
voice. Their results showed that adding a gender-ambiguous voice reduced
participants’ tendency to gender the robot, even when its body and role were
gendered. Importantly, the ambiguous voice did not increase uncanniness or
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reduce trust, suggesting that ambiguity can act as a subtle counterbalance to
other gendered cues rather than as a disruptive element.

Complementing this work, Langle et al. [13] investigated user perceptions of
male, female, and nonbinary voices in the context of digital voice assistants. In
a large-scale questionnaire study, participants listened to different voices and
evaluated perceived gender, personality traits, and likeability. While binary
voices elicited clear gender-stereotypical associations, the nonbinary voice did
not trigger stereotypical masculine or feminine trait attributions. Although the
nonbinary voice was often perceived as leaning slightly masculine, participants
did not associate it with gendered personality traits, suggesting that gender
perception and stereotyping did not align.

Beyond perception studies, recent work has also explored how nonbinary and
gender-expansive voices can be designed and evaluated in collaboration with
gender-diverse communities. Danielescu et al. [9] presented a method for creat-
ing a nonbinary text-to-speech voice developed with input from nonbinary and
transgender participants. Their large-scale evaluation showed that nonbinary
users were significantly more likely to prefer a nonbinary voice than cisgender
users, highlighting the importance of representation and choice rather than
assuming a single neutral solution. Similarly, Székely and Hope [63] proposed
a palette-based approach to gender-expansive synthetic voices, trained on re-
cordings from gender-expansive speakers and evaluated with nonbinary users
of speech-generating devices. Their findings emphasise that gender-expansive
voices are not a single category but a space of variation, shaped by multiple
acoustic and expressive dimensions.

Taken together, this body of work shows that investigating voices beyond the
binary is both theoretically and practically important. It addresses the limita-
tions of binary gender frameworks in technology, highlights the social impact
of voice design choices, and opens new directions for inclusive and reflective
HRI research. In particular, voices beyond the binary have the potential to
disrupt habitual processes of gender attribution by resisting clear placement
within masculine or feminine categories. The mentioned challenges motivate
the research presented in this thesis. In particular, there is still limited under-
standing of how people perceive voices beyond the binary (RQ1), whether such
voices meaningfully increase feelings of inclusion (RQ2), and to what extent
they can reduce gender attribution in human-robot interaction (RQ3).

In the next chapter, I summarise the four papers included in this thesis and
describe how they build on one another to form the empirical and conceptual
foundation of this work.
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Chapter 3

Summary of the Included
Papers

Paper |

Foundations: definitions, availability, perception
and evaluation of ambiguous voices

1 1

Paper Il Paper IlI
Evaluating ambiguous Sketching robots after
voices across gender-diverse hearing different
participants voices
Paper IV

Constructing robots
after hearing different
voices

Figure 3.1: Overview of the included papers and how they build on one another.

This chapter summarises the four papers included in this thesis. Figure 3.1
outlines the thesis trajectory: Paper I establishes the conceptual baseline,
Paper II tests perception across listener groups, and Papers III-1V examine
how voice cues translate into robot gendering in both sketches and physical
prototypes.

Paper I marked the starting point of my PhD. I conducted a systematic
review on gender-ambiguous voices to clarify the state of the art and identify
the research gaps that guided the rest of my work. Paper II examines how
ambiguous voices are perceived by participants of different gender identities,
with equal numbers of women, men, and nonbinary people. Paper III examines
whether ambiguous voices can reduce robot gendering, using a sketching-based
method to see how participants draw robots after listening to different voices

21
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(masculine, feminine, ambiguous). Paper IV builds on Paper III through a
follow-up study. Using 3D robot body parts created from earlier sketches, I
asked participants to assemble a robot prototype after they listened to either a
masculine, feminine, or ambiguous voice to further examine robot gendering.
In the following subsections, I provide a detailed summary of each paper.

3.1 Paper I - Breaking the Binary: A System-
atic Review of Gender Ambiguous Voices
in Human-Computer-Interaction

As mentioned above, [19] allowed me to explore the area of gender-ambiguous
voices and to establish the base for my PhD journey. To do so, I reviewed 36
articles in the field of HCI, investigating the definitions and availability of gender-
ambiguous voices, their creation methods, user perception, and evaluation
techniques. This research was guided by three main research questions:

RQ1: What defines an ambiguous voice in HCI literature?

RQ2: What are the currently available gender-ambiguous voices?
RQ2-a: What is the availability of gender-ambiguous voices?
RQ2-b: What characteristics do gender-ambiguous voices have?

RQ2-c: What methods were utilised to create these gender-
ambiguous voices?

RQ3: What is the perception of gender-ambiguous voices?

RQ3-a: What methods were used to evaluate the perception of
gender-ambiguous voices?

For RQ1, I found that most papers used terms such as “gender-neutral” or
“gender-ambiguous”, yet only five papers provided definitions, leading to in-
consistent terminology. In response, I clarified key terminology and proposed
distinctions between terms such as gender-neutral, gender-ambiguous, and
nonbinary.

For RQ2 and RQ2-a, I distinguish between identifying which beyond-the-
binary voices are reported in the literature and whether those voices are actually
open-source. Voice availability was often unclear: most papers did not spe-
cify whether their voices were open source, and only three explicitly stated
that they were. To address this gap, I created an open-source repository of
gender-ambiguous voices. For RQ2-b, I contacted the authors of the 36 papers
to obtain audio samples, collecting four voices that I analysed acoustically.
The voices varied widely in pitch, resonance, and voice quality, indicating
that ambiguity cannot be achieved through pitch adjustment alone. I used
these findings to propose initial recommendations and a preliminary framework
for creating and using ambiguous voices. Finally, for RQ2-c, the reviewed
papers used diverse approaches to produce ambiguity, including commercial
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TTS voices, customised synthetic voices, modulated human voices, and, in a
few cases, newly developed TTS systems.

For RQ3, the review showed mixed perceptions. Some studies reported neg-
ative reactions, while others found more positive responses, especially among
nonbinary participants and sometimes women. Overall, the findings showed no
clear consensus. For RQ3-a, evaluation methods varied widely. Studies used
different rating scales, or qualitative analysis, making comparisons difficult
and showing the need for more standardised approaches. To address this, I
proposed an initial 5-point Likert scale to evaluate gender-ambiguous voices.

This paper contributes to my licentiate by helping me understand the state
of the art, identify key conceptual, methodological, and practical gaps for the
following papers, and establish the research context for my later contributions.
Beyond this thesis, it contributes to the HCI and HRI community by clarifying
and defining the terminology used for voices beyond the gender binary (includ-
ing gender-ambiguous, gender-neutral, genderless, nonbinary, etc.), presenting
an exploratory acoustic analysis of a small set of gender-ambiguous voices, pro-
posing concrete guidance and a dedicated evaluation scale for their assessment,
releasing a public repository of available gender-ambiguous voice samples, and
offering a structured framework to support researchers in creating, selecting,
and using voices beyond the binary in empirical studies.

3.2 Paper II - Hearing Ambiguity: Exploring
Beyond-Gender Impressions of Artificial Am-
biguous Voices

Taking inspiration from the works reviewed in Paper I, particularly Danielescu
et al. [9], which emphasise the importance of involving gender-diverse users, I
identified a clear gap: studies on artificial non-gendered voices rarely include
participants from underrepresented groups, especially queer and nonbinary
people. For this reason, in this study [76], I examined how six ambiguous voices
are perceived by women, men, and nonbinary participants (74 per group).
I also included one masculine and one feminine voice as attention checks.
Perception was measured across the five VOXI dimensions [77]: trustworthiness,
appeal, comfort, anthropomorphism, and aversion. Specifically, in this online
experiment, I investigated:

RQ1: How do participants evaluate ambiguous voices across different
voice perception 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 artificial
gender-ambiguous voices?

For RQ1, the results showed that participants evaluated the six ambiguous
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voices differently across the five VOXI perception dimensions. Although some
ambiguous voices were consistently rated more positively, others (e.g., Sam
from [9]) were perceived as less trustworthy or more aversive. The two gendered
voices (one male and one female) were generally rated more positively than
most ambiguous voices, indicating that listeners often still prefer gendered
voices. Together, these findings show that ambiguity alone is not sufficient
for creating universally appealing voices and that acoustic and sociolinguistic
factors, such as accent, strongly shape impressions.

For RQ2, priming participants about the ambiguity of the voices did not signi-
ficantly shift overall perceptions. However, small interaction effects showed that
priming made nonbinary participants slightly more critical, lowering ratings in
dimensions such as trustworthiness and comfort. This suggests that priming
may increase awareness, particularly for listeners for whom gender ambiguity
might be personally relevant.

For RQ3, participant gender significantly influenced perceptions of the voices.
Men and women generally provided similar evaluations across all dimensions.
In contrast, nonbinary participants rated the ambiguous voices more negatively
overall, giving lower scores for trustworthiness, appeal, comfort, and anthropo-
morphism, and higher scores for aversion. These findings indicate that currently
available ambiguous voices do not fully resonate with nonbinary listeners, high-
lighting a mismatch between design intentions and user experience.

This paper contributes to my licentiate by helping me understand how per-
ceptions vary across gender-diverse listeners and by identifying factors that
may limit the inclusivity of ambiguous voices, highlighting the importance of
involving queer and nonbinary communities in the development of inclusive
voice technologies. Beyond this thesis, it contributes to the HCI and HRI
community by providing one of the first large-scale, comparative evaluations of
multiple gender-ambiguous voices across several perceptual dimensions, with
balanced participation from women, men, and nonbinary listeners. By moving
beyond gender classification and examining dimensions such as trustworthiness,
comfort, appeal, anthropomorphism, and aversion, this work broadens how
gender-ambiguous voices are evaluated and perceived, and provides empirical
grounding for the design of more inclusive voice technologies.

3.3 Paper III - Sketching Robots: The Impact
of Gender Ambiguous Voices on Mental
Images of Robots

Paper III [78] extends this thesis from how gender-ambiguous voices are per-

ceived to how they shape people’s mental models of robots. It was also my

first empirical study on robot gendering. In this work, I examined whether
a gender-ambiguous voice affects how people imagine a robot across different
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occupational contexts. The study used a mixed-method approach combining
sketching and qualitative analysis. Participants listened to one of several
voice-scenario combinations (masculine, feminine, or ambiguous) paired with
a stereotypically masculine, feminine, or neutral occupational scenario (e.g.,
security guard, secretary, tour guide). After listening, they sketched the robot
they imagined and described the factors that influenced their sketch. The work
was guided by the following research question:

RQ: Does a gender-ambiguous voice influence how people gender a robot
in different occupational contexts?

The results showed that a gender-ambiguous voice influenced gender asso-
ciations. Across conditions, participants were less likely to assign a gender
to their sketched robots when exposed to an ambiguous voice compared to a
masculine or feminine voice. These findings align with and extend existing work
on the influence of ambiguous voices in HRI [14], providing early evidence that
such voices can reduce robot gendering even in highly gendered occupational
settings. At the same time, a masculine-by-default tendency was visible: in the
neutral scenario (tour guide) with the ambiguous voice, several participants still
sketched or described their robot as male, reflecting well-documented biases in
HRI that position male as the assumed default for robots [48].

This paper contributes to my licentiate by building directly on the gaps identified
in Paper I. While Paper I examined how gender-ambiguous voices are perceived
in existing studies, this study extends that work by exploring perception
through the mental images people form when imagining a robot. It also marks
an important step in my research journey, as it represents my first empirical
study on robot gendering and my first use of sketching as a research method,
allowing me to move from summarising prior work to designing and running
novel empirical investigations. Beyond this thesis, it contributes to HRI research
by introducing sketching as a method for examining how vocal cues shape
gendered mental models of robots, and by providing a curated dataset of 180
robot sketches that surfaces implicit gender assumptions difficult to capture
through traditional rating or matching approaches.

3.4 Paper 1V - From Voice to Form: How Gender-
Ambiguous Voices Shape Physical Robot
Design

Building on Paper III, [79] examines how ambiguous, feminine, and masculine
voices influence the physical design choices people make when constructing a
robot prototype. In this mixed-method, in-person study, participants listened
to a robot introduce itself using an ambiguous, feminine, or masculine voice in
a neutral occupation (tour guide), built a physical prototype using a toolkit
of modular body parts (heads, torsos, limbs), took part in an interview about
their design process, and concluded by evaluating both the voice and the robot
they had created. The following research questions guided this work:
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RQ1: Does a voice (ambiguous, masculine, or feminine) influence parti-
cipants’ design choices during robot construction/customisation?

RQ1-a: Does the voice type influence whether participants build
robots with more human-like or machine-like characteristics?

RQ1-b: Does the voice type influence whether participants build
robots with gendered characteristics?

For RQ1, I found that voice did influence participants’ design choices, even
when this influence was not always reflected in their explicit questionnaire
ratings. Indeed, participants’ prototypes and interview explanations showed
that they adapted their designs based on how they perceived the robot’s voice,
suggesting that the voice acted as an early design cue during construction.

For RQ1-a, although participants’ explicit ratings did not show differences
in anthropomorphism, the prototypes and interview data did. Robots built
after hearing the ambiguous voice contained fewer human-like pieces and more
hybrid or machine-like elements. In contrast, the masculine voice produced
more anthropomorphic robots with human-like components. The feminine
voice did not lead to a clear pattern in anthropomorphism.

For RQ1-b, the masculine voice led participants to use more masculine pieces,
while the feminine voice encouraged the use of feminine ones. The ambiguous
voice led to fewer gendered pieces, although a masculine-by-default tendency
remained, with some participants still selecting masculine parts. This mirrors
the findings from Paper III and suggests that ambiguous voices can reduce,
but not entirely remove, gender attribution during physical design.

This paper contributes to my licentiate by extending the findings of Paper
IIT from sketched robot form to physical robot construction. By examining
how gender-ambiguous, feminine, and masculine voices influence participants’
concrete design choices during robot prototyping, it deepens my understanding
of how voice shapes embodiment and gender attribution beyond mental imagery.
Together with Paper III, these findings highlight the importance of beginning the
robot design process with voice rather than treating it as an add-on and suggest
that using gender-ambiguous voices may help reduce gendering in robot design.
Beyond this thesis, it contributes to the HRI community by demonstrating
how voice influences physical robot embodiment, robot gendering, and by
providing the RoMix toolkit as an open, reusable resource for studying gender,
anthropomorphism, and embodiment through hands-on robot prototyping.

Together, these four papers helped me answer my research questions and shaped
my understanding of the future work I want to pursue. In the next chapter, I
explain how the findings from these papers contribute to answering my PhD
research questions, outline my contributions, and show how these studies will
inform my future research directions.



Chapter 4

Discussion and Future
Directions

RQ1: How do
people perceive a
gender-ambiguous

voice?

RQ1-a: Do perceptions differ
between men, women, and
nonbinary participants?

N

RQ3: Does a gender-ambiguous
voice influence robot gendering?

RQ2: Can a gender-ambiguous
voice increase inclusivity?

Figure 4.1: The diagram shows how the research questions guiding this thesis
are interconnected. RQ1 was the starting point of my PhD, with RQ1l-a as a
more detailed part of it. Arrows show how RQ1-a leads to RQ2 and how RQ1
connects to RQ3.

So far, this thesis has laid out the background, motivations, and research
trajectory behind my work. It is now time to return to the questions that
guided these two years of my PhD, both the ones I started with and the ones
that emerged along the way. Figure 4.1 illustrates how these research questions
relate to one another.

I begin with the first question I established at the very start: how people
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perceive gender-ambiguous voices (RQ1). I then move to a question that sur-
faced during the first year: whether people of various gender identities perceive
ambiguous voices differently (RQla). Next, I address a question that arose
at the beginning of my second year: whether gender-ambiguous voices can
increase inclusivity (RQ2). Finally, I end with the question that stayed with
me throughout the entire project: whether a gender-ambiguous voice influences
how people gender a robot (RQ3).

The answers to these questions, together with all the data I collected across
these two years, shape the contributions of this thesis and guide my future
directions, which I outline in Section 4.6 after addressing each research question.

4.1 RQ1: How Do People Perceive a Gender-
Ambiguous Voice?

To answer this research question, it is important to present the insights I gained
from three of my studies: Paper I (the literature review [19]), Paper II (the
voice perception study [76]), and Paper III (the sketching study [78]).

In Paper I (the literature review [19]), I examined how previous work described
and evaluated gender-ambiguous voices. Across the 36 papers, researchers used
many different labels for these voices: “gender-neutral”, “gender-ambiguous”,
“nonbinary”, “genderless”, and more, often without defining them consistently.
This lack of agreement around terminology reflects a broader issue in the
field: perceptions of these voices vary widely. Several studies reported negative
reactions, with participants describing ambiguous voices as annoying, artifi-
cial, or less desirable than gendered options [9, 23, 80]. At the same time,
some groups responded more positively. Nonbinary listeners often evaluated
these voices as more trustworthy or more representative, especially when the
voice carried slightly feminine cues such as higher intonation [9]. A similar
feminine pull appeared in Torre et al. [14], where listeners tended to perceive
an ambiguous voice as leaning feminine even when ratings sat near the midpoint.

Perceptions also varied across listener demographics. Tolmeijer et al. [7] found
that women rated the ambiguous voice as more friendly, polite, and trustworthy
than men did. Other studies showed that many listeners struggled to assign a
gender at all, and a notable number even preferred the ambiguous voice to a
gendered one [81]. Voice type mattered as well: natural, ambiguous voices were
evaluated more favourably than synthetic ones [82], suggesting that naturalness
reduces some of the uncertainty associated with ambiguity.

Overall, my review shows that there is no single perceptual pattern for gender-
ambiguous voices. Impressions shift with acoustic cues, listener expectations,
demographic factors, and the naturalness of the voice. This variability sets the
foundation for Papers II and III, where I explore these perceptions in more
controlled and focused ways.
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Paper II (the voice perception study [76]) provides more details to answer to
RQ1 by examining how six ambiguous voices (collected through the systematic
review), alongside masculine and feminine voices used as attention checks,
were evaluated across five VOXI perception dimensions [77]: trustworthiness,
comfort, appeal, anthropomorphism, and aversion. Across the full sample, the
ambiguous voices were not perceived uniformly. Some were evaluated more
positively, while others elicited higher aversion or lower trust. Importantly,
the masculine and feminine voices consistently scored higher than most am-
biguous voices on dimensions such as trust, comfort, and appeal, indicating
that listeners tended to prefer clearly gendered voices. This suggests that
gendered voices remain a perceptual “default” even when ambiguity is available
as an alternative. It also reflects a broader pattern identified in my systematic
review: ambiguity can disrupt gendering, but it does not necessarily produce a
better listening experience. The perception of a voice as ambiguous does not
guarantee that it is perceived as natural, pleasant, or trustworthy.

Behind the dimensions explored in Paper II, it was essential for me to under-
stand whether people actually perceive ambiguous voices as such. For this
reason, in Paper III (the sketching study [78]), among other things, I ran a val-
idation study focused directly on ambiguity perception. Here, 180 participants
rated the same six ambiguous voices as before on whether they sounded fem-
inine, masculine, or ambiguous. When evaluating ambiguity, I gave them the
following definition: “by Ambiguous”, we mean that the voice sounds neutral or
androgynous”. Three of the six voices were consistently perceived as ambiguous
(see Figure 4.2), but only one (Sam, from Danielescu et al. [9]) emerged as the
most balanced (also when evaluating perceived masculinity/femininity of that
voice), and it was then the voice used in the rest of the experiment. This step
was crucial because it showed that ambiguity is not a property of the sound
itself but an outcome of how people hear and classify it.

Overall, the findings from Papers I, II and III answer RQ1: perception of
ambiguous voices is multidimensional, uneven, and shaped by a combination
of acoustic, sociolinguistic, and cultural factors. As shown, ambiguity might
influence gendering, but it does not necessarily improve user experience. Given
these results, it became clear to me that I needed to delve deeper into how
the perception of ambiguous voices changes across different groups of listeners.
This, then, led to the next research question, which focuses specifically on the
role of participant gender and their perception of ambiguous voices.

4.1.1 RQ1la: Do Perceptions Differ Between Men, Wo-
men, and Nonbinary Participants?
To answer RQ1a, we need to look into Paper II (the voice perception study [76])

where as participants I had a balanced sample of men, women, and nonbinary
people (74 per group). The results showed clear differences among groups.
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Figure 4.2: Distribution of ratings given in the ambiguous statement for all
eight voices (F=female voice, M=male voice).

Men and women evaluated the ambiguous voices similarly across all perception
dimensions, generally providing moderate to positive evaluations. Nonbinary
participants, however, consistently evaluated the voices more negatively, re-
porting lower trustworthiness, comfort, appeal, and anthropomorphism, and
higher aversion.

To help understand these results, it is important to clarify the study design.
Half of the participants were primed, meaning they were explicitly told before
the experiment that the voices they would hear were gender-ambiguous and
were given a short definition of what this meant. The remaining participants
were not primed and received no information about ambiguity; they were simply
instructed to listen to the voices. Across both the primed and non-primed
conditions, nonbinary participants evaluated the voices more critically than
men and women. Priming further intensified this effect: when ambiguity was
explicitly mentioned, nonbinary listeners expressed even lower trust and com-
fort, and higher aversion.

Taken together, the results from Paper II provide a clear answer to RQla:
perceptions of gender-ambiguous voices differ significantly across gender groups.
Before running this study, I had almost assumed that, because these voices
might reduce gendering and move away from the usual masculine and feminine
options, they could also serve as an inclusive choice for people outside the
binary. Based solely on Paper II, however, this does not seem to be the case.
Ambiguous voices lowered trust and comfort and increased aversion among
nonbinary participants. This came out as a surprise since Danielescu et al. [9]
found the opposite pattern, with nonbinary listeners responding more positively
to ambiguous voices. This contrast led me to the next research question.
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4.2 RQ2: Can a Gender-Ambiguous Voice In-
crease Inclusivity?

This research question is still a work in progress and represents an ongoing
direction for my future work. Part of its answer appears in Paper II (the voice
perception study [76]), where one finding is that ambiguous voices do not create
the same experience across gender groups, with nonbinary people being more
negative about them. Ambiguity, then, as it is currently designed, does not
automatically translate into inclusion, recognition, belonging, or comfort for the
population these voices are often intended to support. One possible explanation
for this pattern is that nonbinary listeners may feel more directly addressed or
affected by gender-ambiguous voices, which are often positioned as an inclusive
alternative to binary gendered voices. In this context, the label “ambiguous”
itself may have been experienced as problematic, as it might have been in-
terpreted as implying that nonbinary identities are vague or indeterminate,
potentially leading to feelings of rejection rather than recognition. As a result,
nonbinary listeners may approach these voices more critically, holding them to
higher expectations in terms of authenticity, comfort, and representation.

Despite this, I believe ambiguous voices can still support inclusivity, but in a
different way. They introduce uncertainty in the listener. Indeed, every time
I play an ambiguous voice in a room, and I ask who perceived the voice as
masculine and who as feminine, the room is usually divided. As an example,
in Figure 4.3, I show a result from a short activity with some of my students.
I asked them how they perceived a voice without mentioning anything about
my research on ambiguous voices, and without including “ambiguous” as an
option in the response scale. As we can see, the students tended to position the
same voice as masculine or feminine or something else. In this sense, then, I
believe ambiguity can increase inclusivity by preventing normative assumptions.
Inclusivity here is not about resonance with identity, but about reducing biases.

4l How do you perceive this voice? a 37/37

Masculine

Feminine

"

Figure 4.3: 37 students’ ratings to the question “How do you perceive this
voice?” after I played an ambiguous voice in one of my classes.

Of course, this form of inclusivity is completely different from identity-based
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inclusion. In my opinion, identity-based inclusion means creating something
for a specific community and creating it with that community [83]. In a
currently under-review paper, I argue that the term “ambiguous” should not
be used to represent queer and nonbinary people’s voices in HCI and HRI
research. While ambiguous voices play an important role in reducing categor-
isation and gendering, they are not sufficient when the goal is the inclusion of
gender non-conforming people. In such cases, labels such as “queer voice” or
“nonbinary voice” should be considered, as they more accurately represent the
communities they aim to include. In the under-review paper, I also present
a survey with nonbinary participants, who were asked to describe synthetic
voices created from nonbinary speakers (see [84] for details on how these voices
were developed). To describe the voices, they used terms such as “nonbinary’
or “any gender” rather than “ambiguous”. Figure 4.4 shows a word cloud
illustrating the distribution of voice labels used by participants. This work
helped me understand that I, and other researchers, should avoid describing
ambiguous voices as inclusive of gender non-conforming people. The empirical
findings from Paper II also support this view. When nonbinary participants
were told that the voice was ambiguous and were given a definition of it, they
reported lower trust and comfort and higher aversion. This result aligns with
the findings of the under-review paper, suggesting that participants did not feel
represented by the term ambiguous and therefore distanced themselves from it.

)

Figure 4.4: Word cloud showing the distribution of labels used by nonbinary
participants to describe synthetic voices created from nonbinary speakers.

These two pieces of work helped answer RQ2: ambiguous voices can increase
inclusivity, but not by creating inclusive experiences for queer and nonbinary
people. Ambiguous voice contribution lies in reducing gendering, as I discuss in
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the next section, and in making technology less binary by default. They do not
create inclusivity at the level of identity because they do not offer recognition
or representation. Inclusivity in terms of user experience requires naming and
designing voices in ways that reflect the identities of queer and gender diverse
users, something that ambiguous voices were never intended to do.

What I want to highlight here is the need for community-informed design.
Inclusivity in terms of user experience requires collaboration with nonbinary
people, both to shape future voice palettes and to determine which labels are
appropriate for different design goals. Ambiguity is one tool, but it is not
sufficient on its own. Designing voices that feel genuinely inclusive will require
moving beyond ambiguity. It also means using labels and categories grounded
in community experience, such as “nonbinary” or “any gender”. At the same
time, ambiguity can still be useful in contexts where the goal is to reduce
gendering rather than to represent specific users. The next research question
investigates this more directly by examining the effect of ambiguous voices on
robot gendering.

4.3 RQ3: Does a Gender-Ambiguous Voice In-
fluence Robot Gendering?

Paper IIT and IV help answer this research question. Both studies investigated
how an ambiguous voice can influence robot gendering, the first through an
online sketching study and the second through an in-person prototyping study.

In Paper 11 (the sketching study [78]), 180 participants each listened to a single
voice—scenario combination. Three scenarios were used (masculine, feminine,
and neutral) based on a prior validation study. Each scenario was paired
with either a gender-ambiguous, masculine, or feminine voice. Participants
listened to one of these short narrated scenarios and then had 10 to 15 minutes
to sketch the robot they imagined having that voice. This between-subjects
design allowed me to capture first impressions by ensuring that each participant
reacted to only one voice and one scenario at a time. After producing the
sketch, participants answered free-text questions about different aspects of
their drawing, including whether they sketched the robot with a specific gender
in mind. The sketches were then analysed for gender cues such as body shape,
hair, facial features, and clothing.

The results showed a strong voice-gender connection in the gendered-voice
conditions: feminine voices led to exclusively feminine sketches, and masculine
voices led to exclusively masculine ones. In contrast, participants who heard
the ambiguous voice produced sketches that were mostly coded as neutral or
that mixed masculine and feminine elements rather than aligning clearly with
one category. This showed that the ambiguous voice has the power to weaken
binary expectations at the level of imagined form. This can also be seen in the
sketches shown in Figure 4.5.
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Ambiguous voice,
neutral scenario

Ambiguous voice, Female voice,
feminine scenario feminine scenario

Ambiguous voice, Male voice,
masculine scenario masculine scenario

Figure 4.5: Distribution of the appearance of some sketched robots across the
five voice—scenario conditions.
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Even when an ambiguous voice was paired with a masculine or feminine scenario,
participants often mixed characteristics of both genders. For example, in the
first sketch in the top left of the “ambiguous voice, feminine scenario” condition
(see Figure 4.5), the drawing has a feminine appearance but includes a beard,
a more masculine jawline, and a suit typically associated with masculinity.

In Paper IV, the prototyping study [79], which builds on Paper III, T further ex-
amine how ambiguity affects embodiment. This study moves from 2D sketches
to 3D physical prototype construction. Participants assembled a robot using
a set of modular parts that varied in both anthropomorphism (human-like,
human-machine-like, machine-like) and gender (male, female, neutral). The
body parts were modelled on the sketches collected in Paper III. Figure 4.6
illustrates this process by showing an example of the masculine head set, in
which participants’ sketches were transformed into 3D-printable parts. Fig-
ure 4.7 shows the resulting RoMix toolkit used in the study.

Machine-like Human-machine-like Human-like

Figure 4.6: Examples of masculine head stimuli. Top: sketches from Paper I11
[78]. Bottom: corresponding 3D models.

dené 120202
L ¥ ]!

Figure 4.7: Experiment setup showing a participant assembling a robot using the
provided RoMix toolkit. The inset highlights the box containing interchangeable
heads, torsos, arms, hands, legs and feet used in the study.

Using physical robot construction as an approach made it possible to observe
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more concrete and constrained choices and to assess whether the patterns found
in the sketches remained when participants had to commit to actual physical
components. The results show that the ambiguous voice did not eliminate
gendering entirely, but rather changed how gendering appeared. When listen-
ing to the ambiguous voice, participants constructed fewer human-like robots
and selected more hybrid or machine-like parts, often combining features that
resisted clear categorisation. However, even when participants labelled their
robot as neutral, the prototypes still contained subtle gender cues. Notably,
those exposed to the ambiguous voice tended to select more masculine torsos
than participants in the feminine voice condition, suggesting that people move
away from feminine cues more easily than from masculine ones.

Figure 4.8 shows examples of the robot prototypes built in each voice condition.
Prototypes created after hearing the feminine voice exhibit clearly feminine
characteristics, while those built in the masculine voice condition display mas-
culine features. In contrast, robots assembled in the ambiguous voice condition
include a mix of different parts, although most selected torsos were masculine.

A
j

Feminine Voice Ambiguous Voice Masculine Voice

———y

Figure 4.8: Six prototypes built by participants, divided by voice condition.

Taken together, these findings answer RQ3: a gender-ambiguous voice does
influence robot gendering, but it does so by softening gender cues rather than
eliminating them. Ambiguity destabilises the binary, yet masculine defaults
persist, showing both the potential and the limits of this approach within
broader cultural patterns that shape how people imagine and construct robots.
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Extending this perspective across the studies reviewed and conducted in this
thesis, a broader pattern emerges. Gender-ambiguous voices can reduce gender
attribution, opening up design space for more inclusive, flexible, and context-
aware interactions with robots and conversational agents. At the same time,
these approaches come with important challenges. Gender perception depends
on listeners’ cultural background, gender identity, age, and experience, and
ambiguous voices are often still interpreted through binary expectations [22, 53].
Moreover, voice is only one of several cues through which gender is assigned:
language use, personality traits, visual design, and interaction context can
override vocal ambiguity. Gender-ambiguous voices should therefore not be
treated as a stand-alone solution, but as one element within a broader, gender-
sensitive interaction design.

4.4 Summary of My Contributions

Across these four papers, my work advances research on gender-ambiguous
voices in HCI and HRI in ways that differ substantially from prior literature.
Indeed, many studies use ambiguous (neutral, genderless, or similarly labelled)
voices without systematically examining whether these voices are perceived as
such, how they are experienced across different user groups, how they affect
inclusion, or how they shape robot design. My contributions address these
gaps across four levels: conceptual, methodological, empirical, and practical.

1. Defining ambiguity (Conceptual): Through the systematic review
(Paper 1), I show that the HCI field uses many different and inconsistent
terms for non-gendered voices, and that only a few studies define these
terms clearly. I propose “gender-ambiguous” as a more accurate label
when the aim is to reduce gendering, and show that ambiguity is not
a fixed property of the voice but something listeners construct based
on their expectations, backgrounds, and cultural context. This means
that ambiguity must be tested and validated, not assumed. Earlier work
rarely questioned the terminology used, and this thesis offers the first
clear critique of this issue.

2. Evaluating ambiguous voices across genders (Empirical): Paper
IT contributes the first study that evaluates six ambiguous voices using
a validated multi-dimensional instrument (VOXI) [77], with balanced
samples of men, women, and nonbinary participants. My findings reveal
that nonbinary participants evaluate ambiguous voices more negatively
than men and women. This challenges the common assumption that am-
biguous voices “naturally” support inclusivity. It shifts the conversation
from “do people gender the voice” to “how do different users experience
it”, which has only been partially investigated in previous studies on
ambiguous voices [9].

3. Bias reduction vs. identity inclusion (Conceptual): A central
contribution of this thesis is clarifying that ambiguous voices do not
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automatically create inclusive experiences for queer and nonbinary people.
Instead, ambiguous voices primarily support inclusivity by reducing
gendering and disrupting normative assumptions. I show that identity-
based inclusion requires community-defined labels and representations,
which ambiguous voices cannot provide. This conceptual distinction is
missing in existing literature, where inclusivity claims are often made
without empirical grounding or without input from gender-diverse users
(84, 85].

. New methods for voice-robot design (Methodological): Papers

IIT and IV introduce sketching and physical prototyping as new ways
to study how voices influence the robots people imagine. Earlier work
mainly asked participants to match voices with existing robots [26, 60],
which captures perception but not how people translate that perception
into a design. In contrast, the sketching and prototyping methods reveal
how voice cues translate into concrete visual and physical choices. They
expose implicit gender assumptions that rating and matching tasks cannot
uncover. Together, these methods provide new tools for studying how
voice shapes gender in HRI.

. Ambiguity reduces gendering but not defaults (Empirical):

Across Papers III and TV, I show that ambiguous voices consistently
reduce explicit gender attribution and encourage designs that avoid clear
gender markers. However, participants still tend to default to masculine
features, an effect linked to cultural patterns and to the “male-by-default”
tendency discussed in previous work [48, 49]. My research offers the
first step, using both sketching and physical prototyping, in showing how
ambiguous voices shift gender expectations without fully removing them.

. Resources and frameworks for the community (Practical): In

this thesis, I contribute a set of practical resources to support research
on voices beyond the gender binary. These include clear terminology for
non-gendered voices, a public repository of collected gender-ambiguous
voice samples, a small exploratory acoustic analysis to aid comparison
between voices, a multi-dimensional approach for evaluating ambiguous
voices, a dataset of 180 robot sketches, and the RoMix prototyping toolkit
for studying gender and anthropomorphism in robot design. Together,
these resources support more transparent, comparable, and replicable
research on voice design and embodiment in HCI and HRI.

4.5 Reflections and Methodological Lessons

Alongside shaping my future work, these four papers also made visible what
I would do differently if I ran the same studies today. They taught me as
much about my future research practice as they did about ambiguous voices
themselves.
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In Paper I, for example, I now realise that I could have reached out more
broadly to authors who used non-gendered voices, even if their papers did not
meet all the inclusion criteria of the review. Doing so might have allowed a
richer acoustic analysis and a more complete understanding of the landscape
of ambiguous voices.

In Paper IT, my main regret is not asking participants, especially nonbinary ones,
open-ended questions about why they evaluated the voices the way they did.
Their quantitative ratings showed clear patterns, but I missed the opportunity
to understand the reasons behind those patterns in their own words. From
this, I learned the value of combining quantitative and qualitative methods
when studying voices and identity.

A similar reflection applies to Paper III. Although I did ask participants whether
they sketched the robot with a gender in mind, I relied on an open-ended ques-
tion rather than a more structured scale. This meant that my interpretations of
these answers might not have been 100% accurate, and a quantitative measure
could have given a clearer picture of participants’ intentions.

In both Paper III and Paper IV, I now recognise how valuable it would have
been to intentionally include nonbinary participants in equal numbers to men
and women. Although I included balanced numbers of women, men, and non-
binary participants in the validation study of Paper IV, I was unable to follow
the same approach in the main experiment. This was primarily due to practical
constraints: recruiting sufficient in-person participants across three gender
groups, while also accounting for multiple experimental conditions, would have
required a substantially larger sample than was feasible. Reflecting on this
limitation has highlighted the importance of developing more intentional and
inclusive recruitment strategies, which I aim to prioritise in my future research.

Noticing these gaps does not diminish the value of the studies. Instead, they
highlight how much my thinking has changed over these two years and how
much space there is for improvement in future work.

4.6 Ideas for Future Work

The studies presented in this thesis, from a systematic review to online exper-
iments and an in-person study, have provided me with some answers to my
three research questions and, equally importantly, reshaped what comes next.
Figure 4.9 summarises the path I followed in these two years: starting with a
review of gender-ambiguous voices in HCI (Paper I), moving to how gender-
ambiguous voices are perceived across women, men, and nonbinary participants
(Paper II), how such voices influence mental images of robots (Paper III), and
to how they shape the physical construction of robots (Paper IV). Together,
these papers led me to the point represented at the end of Figure 4.9: and now?
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Paper | —  Paperll — Paperlll — PaperlV — And now?
Systematic review of Influence of gender-ambiguous How queer people perceive
gender-ambiguous voices on mental images of ambiguous voices, how to queer
voices in HCI robots robots, how children interpret

ambiguous voices, and whether
ambiguous voices reduce
stereotyping

Perception of gender-ambiguous Influence of gender-ambiguous
voices across women, men, and voices on physical robot
nonbinary people construction

Figure 4.9: Summary of the research trajectory across the four papers and the
emerging questions that shape my future work.

A moment that shaped the “and now”, came when I presented my systematic
review (Paper I) at the CHI conference on Human Factors in Computing
Systems. During the Q& A, someone asked why I call these voices “ambiguous”,
because to them “they just sounded like queer people”. This question stayed
with me. It made me rethink how I use labels in my work and later pushed me
to write a currently under-review paper on how certain labels can misrepresent
queer and nonbinary people. In that paper, I argue that if the aim is to be
inclusive, we should consider using labels like “queer” and “nonbinary” rather
than relying on terms such as “ambiguous” to describe non-gendered voices.
It also opened a new direction: instead of only studying how people perceive
ambiguous voices, I began thinking about what it could mean to intentionally
explore how agents and voice assistants might express queerness in ways that
matter to the communities they represent or serve. To move toward this bigger
goal, my first future work is to better understand how queer and nonbinary
listeners themselves perceive ambiguous voices. Unlike Paper II, which relied
on structured ratings of pre-existing voices, with this work I want to focus on
community-informed, qualitative and participatory methods to unpack why
certain voices feel affirming or alienating, how labels shape perception, and
what vocal qualities queer and nonbinary listeners associate with respectful
representation.

Before continuing with my future work, it is important to clarify that the ideas
proposed here form part of a larger plan. I am aware that I will not be able to
address all of them within the remaining time of my PhD. These directions are
not a to-do list, but starting points for discussion and for receiving input from
you, the reader, as well as from my supervisors and my licentiate opponent on
where this work could meaningfully go next.
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4.6.1 What Do Nonbinary People Think of Ambiguous
Voices?

One important insight I gained from Paper II is that gender-ambiguous voices
do not resonate equally across listeners. Nonbinary participants evaluated
these voices more critically than women and men. This finding was meaningful
because it exposed a gap between what researchers often assume to be inclusive
and what people with lived experience actually feel. I also realised that I had
treated ambiguity as naturally inclusive, and I also thought that removing
gender cues would automatically lead to fairer or more inclusive interactions.
This study made it clear that this assumption does not hold for everyone
and that the “ambiguous” category/label may be experienced as flattening,
reductive, or misaligned with queer and nonbinary identities. This pushed
me to think more critically about who gets to define inclusivity in design and
whose perspectives are missing from these definitions, as explained before in
section 4.2.

Because of this, I see a strong need to centre nonbinary and gender-expansive
participants in my future research, not only as a demographic variable but
as active collaborators. Their perspectives are essential for understanding
the emotional, cultural, and political dimensions of gender-inclusive voices,
which are often overlooked when design decisions are made solely through
technical or aesthetic choices. In my future work, I want to use particip-
atory and community-informed methods where nonbinary people describe,
design, and evaluate voices that feel representative to them. This will help
me understand what inclusion sounds like from their perspectives rather than
imposing predefined labels, and it will support a more grounded understand-
ing of how voice can express identities beyond the binary in ways that feel
authentic, respectful, and meaningful to the communities they aim to represent.

4.6.2 How Can We Queer Robots?

The reflections above naturally led me to a broader question: if ambiguous
voices alone cannot guarantee inclusion for queer and nonbinary people, then
what would it mean for robots themselves to be designed with queer perspect-
ives in mind? Recent work in robotics highlights how little the HRI field has
engaged with queer perspectives, both in terms of representation within the
research community and in the design of robotic systems themselves. Korpan
et al. [85] point out that most robots reproduce binary gender norms through
body shape, behaviour, and voice, and that queer people are rarely considered
as stakeholders, even though robots inevitably interact with them. This lack of
queer-informed design risks reproducing bias, exclusion, or misrepresentation.
Integrating queer frameworks into robotics opens the possibility of robots whose
identities, embodiments, and interaction styles resist normative assumptions
rather than reinforcing them.
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For this reason, as future work, I ask myself: what would it actually mean to
make a robot queer? This is not something I imagined at the beginning of
my PhD, but it has become an exciting direction for my future research. I
want to understand what queering a robot actually means and what forms it
could take. As Axelsson argues [83], queering a robot involves considering how
queerness might be expressed through a robot’s voice, body, movement, colour,
behaviour, or overall interaction style, and recognising that queerness is not
one single aesthetic or attitude but a wide range of expressions and possibilities.

To explore this, I plan to work closely with queer and nonbinary communities
while experimenting with different combinations of robot features. I want
to “play around” with designs, try less common ideas, and test expressions
that do not follow typical masculine-feminine expectations. This may involve
mixing voice cues in new ways, combining unexpected body shapes or materials,
or creating movements that challenge standard interaction patterns. At the
same time, I am interested in queerness as something flexible rather than
fixed. Many queer and nonbinary people mix and match elements in their
own self-expression, and I want to see whether robots can support this kind of
expression too. By letting participants change a robot’s voice, appearance, or
behaviour, queer expression could emerge through personal choice rather than
being predetermined by designers.

Recent work in queer robotics provides a foundation for this direction. Axelsson
[83] shows how speculative design can help imagine queer robot futures, for
example, by presenting robots that reflect queer in-group identities, robots that
engage in queer activism, and networks of queer-owned robots that support
community needs. These ideas illustrate that queering robots is not only about
aesthetics, but also about imagining different social roles, relationships, and
forms of care. At the same time, this line of work also draws attention to the
limits and risks of such approaches. For example, Stolp-Smith and Williams
[86] show how trans and nonbinary users perceive agender robot designs: while
participants see potential for normalising non-cis identities, they also identify
risks of caricature, backlash, and dehumanisation. Taken together, these per-
spectives underscore the need to approach queer robot design through inclusive,
community-informed methods that prioritise authenticity and care.

These perspectives suggest another clear next step for my research: creating
a space where queer researchers and practitioners can explore together what
it means to queer robots. As future work, I would like to run a workshop at
the HRI conference where queer researchers try out speculative design ideas,
discuss ethical issues, and work together to outline guidelines for queer-informed
robot design. This workshop would help turn theoretical ideas into practical
directions and make queering robots a shared, community-led effort.

Overall, this future work aims to explore queerness as an intentional design
practice. It builds on everything I learned during my first two years and
opens a space for robots to express identities that are more diverse and more
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aligned with communities that have often been left out of HRI design [83, 85, 86].

4.6.3 How Do Children Perceive Ambiguous Voices?

As I think about queering robots and working with queer communities, another
group has become increasingly important to me: children. This interest grew
after I reviewed a currently unpublished paper discussing how vocal pitch
influences children’s perceptions, particularly in relation to stress regulation.
Since ambiguous voices are, among many other things, created through pitch
manipulation, that paper prompted a new question for me: How do children
perceive ambiguous voices?

While writing the literature review and analysing my own data, I noticed that
almost nothing is known about how children interpret gender-ambiguous voices.
Most research on gender in technology focuses on adults, yet many children
interact daily with voice assistants, conversational agents, and robots at home
and in educational settings.

I believe that investigating ambiguous voices with children will be both valuable
and challenging. Studies with children come with specific methodological and
ethical considerations, which I am eager to develop, but understanding how
they reason about gendered and non-gendered voices is essential for designing
technologies that do not unintentionally reinforce stereotypes from an early
age. Understanding children’s reactions is especially important because early
interactions with technology shape how gender stereotypes form or shift [87].

In future work, I want to explore this through “child-friendly” methods such
as sketching, storytelling, and playful robot interactions. For example, children
could interact with a small robot or voice assistant over several short sessions,
where the only thing that changes between groups is the voice (ambiguous,
masculine, or feminine). After each session, they could be asked to tell a short
story about “who the robot is” and “what it does”. Comparing these stories
across conditions and age groups would reveal how ambiguity interacts with
early gender reasoning and whether children respond differently from adults.
This work would not only fill a gap in the literature but also connect back to
the broader question of what it means to design inclusive technologies for all
users, not only adults and queers.

4.6.4 Can a Gender-Ambiguous Voice Reduce Stereotyp-
ing?
And now we reach the question that will likely take the most time to investigate.

Thinking about children also led me to a broader limitation in my studies:
almost everything I know about gender-ambiguous voices comes from first
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impressions. Yet voice assistants and robots are not one-time encounters. Long-
term HRI research shows that repeated interactions can change perception,
engagement, and even users’ relationships with a robot. Matheus et al. [88]
show that many social effects, such as trust, comfort, and perceived robot
qualities, shift only after the initial interaction. In other words, single-session
experiments cannot capture the dynamics that unfold over days or weeks. Lon-
gitudinal studies also demonstrate that people’s feelings about a robot often
change over time, for example, becoming more comfortable or forming more
stable impressions. This is also highlighted in a recent review of gendering in
HRI by Perugia and Lisy [45]. They argue that stereotype attribution in HRI
is typically studied using static stimuli and short-term designs, and they call
for work that examines how gendered impressions and stereotypes evolve.

These observations raise important questions for my work: Can a gender-
ambiguous voice reduce stereotyping over time? In particular, What happens
when ambiguity is experienced repeatedly rather than briefly?, and Does a
gender-ambiguous voice become more familiar and less gendered with continued
use, or do users continue to map it back onto binary categories? 1 believe
these questions can only be meaningfully addressed through a longitudinal
study. One possible approach is to expose participants to a voice assistant or
robot with an ambiguous, masculine, or feminine voice across multiple sessions,
allowing comparison of how perceptions evolve over time and whether gendering
becomes weaker or stronger across conditions.

Such evidence would be highly valuable to the HRI community, where longit-
udinal studies remain comparatively rare, and there is limited understanding
of how voice impressions evolve, particularly for ambiguous voices. Building
on the methodological foundation established in Papers I-1V, this approach is
feasible within the remaining time of this PhD and would help clarify whether
gender-ambiguous voices support less gendered and less stereotyped interactions
in everyday use rather than only in short-term experimental settings.

4.6.5 To Summarise

Overall, these directions point toward a broader research plan that moves
beyond categorising voices and toward understanding how gender, identity,
and technology intersect in everyday life. My future work aims to build a
more holistic picture of how users make sense of gendered cues in HRI by
examining queer and nonbinary experiences, exploring what it means to queer
robots, investigating how children develop gendered expectations in relation to
technology, and testing whether ambiguity can reduce stereotyping over time.
This broader perspective will help me move from treating ambiguity as a single
design choice to seeing it as part of a larger process that shapes how people
relate to agents, how identities are recognised, and how inclusion unfolds in
practice.
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