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ABSTRACT

Gender expansive (transgender and nonbinary) listeners are typically left out of
the study of sociophonetic perception, and even phonetic studies more broadly,
although there is an increasing number of studies investigating gender expansive
speech production. Various studies have been conducted on the speech of men and
women, from which conclusions have been drawn about gender cues in speech.
However, these prior investigations are restrictive because they largely consider only
cisheterosexual men and women. Research of gender in speech has also impacted the
available types of gendered synthetic voices for those relying on them, and little has
been documented about the perception of gender in synthetic voices used by Speech
Generating Device (SGD) users. This dissertation provides a series of four studies for
broadening our conception of gender production and perception in speech and
extending this domain beyond the “biological” voice, that is, the attributes of voices
that can be traced solely and directly to anatomical or physiological factors. First, the
series evaluates the speech of 16 gender expansive participants evaluating f0, formant
frequencies, and spectral qualities of [s]. Second, the series evaluates perception of
synthetic voices constructed from the same talkers. Finally, the series investigates, in a
detailed case study, how a nonbinary SGD user encodes their gender using the
aforenoted gender expansive synthetic voices. The results from this dissertation series
will enrich the respective fields of sociophonetics, psycholinguistics, and speech

technology.

Xiv



Chapter 1

INTRODUCTION

1.1 Overview: Creation, Perception, and Use of Gender Expansive Synthetic
Voices

Language enables individuals to convey aspects of their identity alongside
regular linguistic messages. Speech is a crucial component of human communication,
serving as a powerful tool for sharing social and personal information. Gender
significantly influences language, allowing people to express and interpret identity in a
variety of modalities, including both gestural and spoken modalities. This dissertation
focuses on the latter. Understanding how gender manifests in speech and how it is
interpreted is essential, as this process impacts communication, social interactions, and
their interconnections. Advancements in technology have expanded the possibilities
for synthetic voices in devices that generate speech and conversational assistants,
presenting new opportunities to explore gender representation and expression. This
chapter provides an overview of background information relevant to the dissertation
along three lines. First, it covers the different acoustic signals that convey gender in
American English, such as fundamental frequency, formants, and fine phonetic details
of sibilant sounds. Second, it examines how people perceive and assign gender based
on these acoustic signals. Third, it focuses on gender expansive synthetic voices used
in devices like communication aids, and how these voices convey gender. Each of
these studies serves as a vital building block in constructing the bridge toward

inclusive speech technology. As our understanding of gender representation in speech



evolves, we move closer to the creation and widespread adoption of gender expansive
synthetic voices, ultimately fostering a more diverse and equitable synthetic speech

landscape.

1.2 Chapter 1: Gender Encoding in Speech

Prior research on gender in speech has primarily focused on cisgender binary
gender differences notably in fundamental frequency (f,), whereby men typically
exhibit lower average speaking f, values (107 — 132 Hz), while women have higher
average f, values (196 — 224 Hz) (Davies & Goldberg, 2006). However, this binary
perspective fails to account for nonbinary and transgender speech. Recent studies have
begun to address this gap. Our preliminary research suggests that nonbinary
individuals' f, values typically fall between the male and female ranges, with an
average around 144 Hz (Schmid & Bradley, 2019). Leann et al. (2022) conducted a
study comparing voice quality and pitch variation in nonbinary and binary individuals.
They found that nonbinary talkers exhibit a brighter voice quality, defined as higher
harmonics-to-noise ratios (HNR), indicative of clearer and more resonant voices
compared to cisgender talkers. Nonbinary individuals also display more within-subject
variation in f, compared to binary talkers (Schmid & Bradley, 2019; Leann et al.,
2022), suggesting a broader range of vocal inflections and intonations for self-
expression. These findings indicate that nonbinary individuals may exhibit unique
vocal characteristics linked to their gender identity. Spectral qualities of sibilants are
also known to be correlated with gender. For example, the spectral mean, also called
the center of gravity (COG), of [s] differs between genders. Women typically produce
[s] at higher frequencies than men (Jongman et al., 2000; Fuchs & Toda, 2010). In a

group of transmasculine talkers with diverse gender and sexual identities, the study



found that different transmasculine identities interacted with other queer identities to
influence the COG of [s], demonstrating a complex interplay of sociophonetic cues
(Zimman, 2017). Finally, vocal tract length (VTL) and formant frequencies are
associated with gender. Men tend to produce lower formants, while women produce
higher formants. Across a population, average formant frequencies correlate with the
length of the vocal tract, as measured objectively (Lammert & Narayanan, 2015).
However, people can raise or lower all of the formants by lengthening or shortening
their vocal tracts, through raising or lowering the larynx and protruding or retracting
the lips. VTL and the shape of the vocal tract, influenced by tongue positioning,
contribute to these formant variations. Speech-language pathologists have utilized
vocal tract manipulation techniques to train transfeminine individuals to achieve a
more feminine voice, involving tongue placement and lip positioning adjustments
(Carew et al., 2005).

It is important to note that these acoustic variables exist on a continuum,
allowing individuals to encode their gender identity along a gradient. While men may
generally have thicker vocal folds and longer vocal tracts than women, as noted prior,
both groups can manipulate f, and VTL, indicating that gender expression in speech
is multifaceted and nuanced (Schmid & Bradley, 2019; Weirich & Simpson, 2018).
However, the literature predominantly focuses on cisgender individuals, necessitating
further research to explore these dynamics in gender expansive talkers. The speech
encoding of gender encompasses the acoustic signals and language patterns that
influence how gender is perceived. Gender expression in voice is a multifaceted
phenomenon that researchers have begun to explore to grasp how individuals express

their gender identity through spoken words.



More recent literature on gender in speech increasingly investigates the
production and perception of nonbinary speech. Nonbinary individuals, who do not
conform to the conventional male-female binary, may display speech patterns that
differ from binary, cisgender speech norms. For example, we previously found that
nonbinary talkers did not consistently use spectral mean of [s] to encode gradient
gender while they did use vowel acoustics to encode gradient gender characteristics
(Hope et al., 2023). This line of research holds immense importance in capturing the
wide range of gender expressions and presentations found in speech. By studying
nonbinary speech, researchers can discover additional or alternative acoustic
indicators that play a role in encoding gender, thus not only deepening understanding
of the various ways people can encode gender in speech but also allowing for
improved commercial voice recognition and synthesis technologies.

The first study in this dissertation series demonstrates how gender expansive
talkers from the mid-Atlantic region of the United States encode multidimensional
gender (i.e. independent components of masculine, feminine, and nonbinary gender) in
speech. Understanding how gender is represented in speech has practical implications
in various fields. Such understanding can impact the development of voice recognition
and synthesis technologies, as well as interventions in speech therapy and strategies
for social communication. For example, knowing about the acoustic signals that
convey gender can help create synthetic voices that are more accurate and inclusive
compared to synthetic voices that implicitly encode cisgender, binary speech patterns.
In speech therapy, knowledge about how gender is expressed can assist clinicians in

supporting transgender and nonbinary individuals in achieving their desired voice and



speech goals and in giving their gender expansive clients both knowledge and tools

they can use in their day-to-day communication.

1.3 Chapters 2 & 3: Gender Perception in Speech

Experiences, cultural expectations, and inherent biases shape the perception of
gender in speech. Certainly, the way people hear and perceive gender is influenced by
characteristics such as pitch, vowel sounds, and sibilants. As previously noted
regarding voice perception, higher pitches are perceived as more feminine, while
lower pitches are associated with masculinity (Leung et al., 2018). Formant
frequencies also contribute to how one perceives gender whereby lower formants are
attributed to masculinity and higher formants attributed to femininity (Leung et al.,
2019). The intensity and spectral properties of the high-frequency consonant sounds
known as sibilants also contain information related to gender that can influence gender
perception (Strand & Johnson, 1999; Munson, 2011).

However, how one perceives a person’s gender through speech goes beyond
just the sounds they make. Social and contextual factors play a significant role in
assigning gender to a talker. The cultural and societal expectations surrounding
gendered speech patterns heavily influence interpretation. Cognitive biases come into
play as one interprets speech based on preconceived notions and stereotypes about
gender. For example, in our previous study, we found that cisgender listeners were
much more likely to use the f;, cue to ascribe a gender to a talker compared to gender
expansive listeners (Hope & Lilley, 2020).

The second and third studies in this dissertation series investigate (1) how
gender perception of gender expansive synthetic voices is influenced by group

membership (e.g. gender expansive versus cisgender listeners) and individual identity



(e.g. gradient gender of the listener), and (2) how group membership influences
sibilant perception of gender expansive synthetic voices. Recognizing and
understanding how one perceives gender and speech is essential due to the
implications for a variety of fields including sociolinguistics, psychology, and speech
technology. Studying gender perception in sociolinguistics offers insights into the
evolving nature of language and how social constructs shape gender identities. In
psychology, better understanding gender perception aids the comprehension of how
one perceives and classifies others based on gender; better understanding gender
perception offers insight into the mechanisms of characterizing and labeling the self
and others. In speech technology, understanding gender perception is crucial for
developing voice recognition systems, conversational assistants, and artificial voices

that are accurate and inclusive with respect to gender.

1.4 Chapter 4: Synthetic Voices and Gender Representation

Current speech-generating devices are restrictive in terms of identity
expression. Although custom voices exist via voice-banking, not everyone has the
ability or the desire to construct a voice that sounds exactly like them. We conducted a
feasibility study on the intricate relationship between speech, in the form of synthetic
voices in speech-generating devices, and the construction of gender identities,
underlining the notion that gender is not an innate trait but rather a socially
constructed and performed facet of one's identity. This study stresses the pivotal role
of language and speech in the continual generation of gender identities through
everyday actions and interactions.

Moreover, the study highlights the prevalence of traditional (i.e. in the context

of white American culture) binary gender norms that are closely tied to specific vocal



features, such as pitch. This association between vocal characteristics and binary
gender categories -- male and female -- can lead to profound experiences of dysphoria
and discomfort for individuals whose gender identity does not align with these
conventional norms; put in another way, these binary gender categories that are
inherent in synthetic voices prevent the gender expansive user from experiencing
gender euphoria. Misgendering, societal stigma, and their associated mental health
consequences can result from voices that do not conform to one’s experience of
gender. This risk of mental and social harm emphasizes the critical need for speech
technologies and voice representation that can accommodate the diverse spectrum of
gender identities and expressions beyond the binary framework.

Acknowledging that previous research on synthetic speech and gender is
highly restricted to binary, cisnormative representations, we call for more inclusive
and diverse synthetic voices that accurately represent the rich tapestry of gender
identities present in society. This feasibility study advocates for a shift from a
predominantly binary perspective to one that can effectively mirror the multifarious
gender identities and expressions characteristic of those who rely on such technology
for communication.

In sum, this final study in this dissertation series demonstrates the urgent need
for speech technologies that can accommodate the complexities of nonbinary
identities. By creating more inclusive synthetic voices that represent the diverse
gender identities of their users, these technologies can help protect against harm and
promote inclusivity and recognition for nonbinary individuals. This intersection of
nonbinary gender identity and synthetic voices is a promising field of research, with

limited studies thus far, and the case study presented aims to shed light on the unique



experiences of nonbinary individuals who use synthetic voices while identifying areas

for further research and development in this domain.

1.5 Conclusion

This dissertation series addresses a gap in existing investigations by delving
into gender cues in synthetic speech creation and perception. In particular, the project
ultimately centers around the frequently ignored group of individuals who identify as
nonbinary and use speech-generating devices. By breaking down the acoustic signals
that convey gender, examining how gender is seen in speech, and creating synthetic
voices that embrace a more extensive comprehension of gender, this series will offer
significant insights into the complex aspects of gender performance in verbal
correspondence. The descriptions in this section of the document are merely a preview
of what will be expanded upon in the coming chapters, each of which serves as a
standalone study to be published. Specifically, the following chapters address gaps in
the literature by examining the encoding of gender in speech using a community-
informed approach and examining how synthetic voices created by using gender
expansive speech are perceived by people of a variety of genders as well as how the
use of these voices encodes nonbinary gender identity for a nonbinary speech-
generating device (SGD) user. This research is crucial for further understanding how
gender-related traits manifest in speech and aims to explore how people with non-
conforming gender identities express themselves through speech and how these
expressions relate to their gender in a gradient and multidimensional way. By
exploring the variables that impact gender encoding in speech, such as individual
identity and group membership, this series will illuminate multifaceted elements at

play and lends to a diversity science framework of gender perception (Tripp &



Munson, 2021). This work will improve our understanding of how gender signals are
conveyed in speech and will illuminate implications for inclusive augmentative and

alternative communication.



Chapter 2

GENDER EXPANSIVE SPEECH CHARACTERISTICS

Part of this paper was published in the INTERSPEECH 2023 proceedings and
is housed in the International Speech Communication Association (ISCA) archives.

The citation for the published paper is noted in Appendix A.

2.1 Gender in Speech

The vast majority of previous research has attributed differences in speech
between people of different genders (e.g. between men and women) as being due to
anatomical differences between cisgender binary genders or as a result of
physiological differences alone, e.g. differences in vocal fold size and tension (Dabbs
& Mallinger, 1999; Evans et al., 2008; Glaser et al., 2016). However, such differences
are now better understood as the products of a complex phenomenon that involves
social and/or intentional articulatory factors rather than just anatomical factors. Gender
cues in speech are influenced by language and culture (Van Bezooijen, 1995; Yuasa,
2008), socialization (Ferrand & Bloom, 1996), and individual identity (Weirich &
Simpson, 2018), and can change over time (Yuasa, 2008). In terms of individual
identity, investigations are lacking in how those who are gender expansive (e.g.
transgender and/or nonbinary) may encode their gender into voice in ways that move

beyond a cisheteronormative framework.
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In the discussion that follows, the focus is adult voice. Comparatively little
research has been done on children’s voices along dimensions of interest for this

dissertation project.

2.1.1 Fundamental Frequency (fo) and Voice Quality

Much of previous research on gender in speech has focused on gender as a
binary and has contrasted findings for the two binary genders: men and women. This
research clearly documented some predictable differences between acoustic properties
of adult male and female speech, such as in fundamental frequency (f,). Men tend to
produce a lower f,, with averages between 107 — 132 Hz, and women tend to produce
a higher f,, with averages between 196 — 224 Hz (Davies & Goldberg, 2006).

While previous research on binary genders has brought attention to gender in
speech, this research did not account for nonbinary or transgender speech. Our
preliminary research addressing this gap has shown that nonbinary individuals’ f,
tends to fall in the middle of transgender and cisgender men’s and women’s ranges,
with an average around 144 Hz (Schmid & Bradley, 2019) and large variability in f,
production across individuals. These properties do not fit into the patterns of typical
cismale or cisfemale voices and inter-talker variability defies binary categorization
(Zimman, 2017). A recent study by Brown et al. (2022) described voice quality and
fundamental frequency of nonbinary talkers. The main objective of the study was to
investigate voice quality and pitch variation in nonbinary individuals and compare
findings to those of binary talkers. Recordings were analyzed from 10 nonbinary and
10 binary men and women talkers reading a set of standardized sentences. Acoustic
analyses extracted fundamental frequency (f,), an approximate correlate of pitch, and

harmonics-to-noise ratio (HNR), an approximate correlate of voice quality. Main
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findings were: (1) nonbinary talkers had a “brighter” voice quality compared to binary
talkers, as indicated by larger HNR values - that is, nonbinary voices had less noise
and more harmonics numerically, giving their speech a clearer, more "ringing" quality
—and (2) nonbinary talkers showed more variation in f,, specifically a wider range of
pitch values and more frequent pitch changes in speech. These studies indicate that
nonbinary individuals may use a wider range of vocal inflections and intonations to
express themselves. If replicated, these findings suggest that nonbinary individuals
may have unique vocal characteristics that distinguish them from binary individuals,

and that these characteristics may be related to their gender identity.

2.1.2 COG and Peak Frequency of [s] in English

While f, is indeed a gender-conveying variable for voice production and
perception, it is not the only one. More recent research has found that other variables
are also important for conveying gender. In fact, when it comes to gender perception,
fo only accounted for 41.6% of the perceptual ratings of voice gender in one study
(Leung et al., 2018). Other factors such as acoustic center of gravity (COG) of [s]
(Jongman et al., 2000; Fuchs & Toda, 2010; Zimman, 2017), the average of the
frequencies of a segment weighted by their amplitudes, also play a role. Similarly to
fo, women tend to produce [s] at a higher spectral frequency than men (Flipsen et al.,
1999; Jongman et al., 2000; Fuchs & Toda, 2010; Heffernan, 2004; Schwartz, 1968;
Stuart-Smith, 2007). However, it should be noted that these values are often obtained
from a subset of women and men that may reflect the dominant culture. The typical
COG averages for [s] in women range between 6,400 — 8,500 Hz, and for men
between 4,000 — 7,000 Hz (Avery & Liss, 1996; Flipsen et al., 1999; Fuchs & Toda,
2010; Nittrouer, 1995; Nittrouer et al., 1989; Stuart-Smith, 2007; Tjaden & Turner,
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1997). In addition to these findings for binary talkers, Zimman (2017) found that in a
diverse group of transmasculine talkers, different identities within transmasculinity
(e.g. trans men vs nonbinary transmasculine individuals) were encoded in [s] and that
these different identities also intersected with queer sexualities. The group of queer
transmasculine individuals showed what Zimman calls a “stylistic bricolage,” i.e., the
mixing and matching of sociophonetic cues: those who identified as not only very
masculine but also as queer used a low f,, combined with high COG of [s] to signal

queer masculinity.

2.1.3 Vocal Tract and Formant Frequencies

Vocal tract length (VTL) and formant frequencies are also known to be
correlated with gender. Men tend to produce lower formants in general, while women
produce higher formants (Davies & Goldberg, 2006; Weirich & Simpson, 2018). One
factor that influences formants is indeed VTL. Longer vocal tracts result generally in
lower formants and smaller vowel spaces overall, while shorter vocal tracts result in
higher formants and larger vowel spaces (Carew et al., 2007; Weirich & Simpson,
2018). However, other factors such as the shape of the vocal tract, influenced greatly
by tongue positioning, also have an impact on formant frequencies and these factors
are also tied to gender (see Raphael et al., 2012, p. 95-109; Lammert and Narayanan,
2015; Johnson, 2020 for an overview).

Vocal tract manipulation has been used as a technique in speech-language
pathology to train transfeminine people to achieve a more feminine voice. One such
technique is to encourage a forward tongue carriage (which raises f,) and lip
spreading (which shortens the vocal tract, raising all formants, and raises f; in

particular) (Carew et al., 2007).
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These acoustic variables are not “all or nothing” — they exist on a continuum
on which individuals can encode identity along a gradient. This means that although
men may on average have longer vocal tracts than women, both genders can still
manipulate VTL. For example, one study found that more feminine men had larger
vowel spaces were, reflecting a shortening of the acoustic VTL (Weirich & Simpson,
2018). However, that study did not explicitly include gender expansive talkers and

only looked at (presumably) cisgender men and women.

2.2 Questions and Hypotheses

The use of a binary categorization of gender or even a continuum of
masculinity to femininity is not conducive to the study of nonbinary voices. Instead, a
paradigm that includes continuous (masculine, feminine, and other scales) as well as
categorical (male, female, nonbinary) variables of gender can be informative. We
define “other” as simply any identity or expression that is neither masculine nor
feminine. Such an approach accommodates the variability of gender expansive voices,
provides more opportunities for grouping in analysis, and allows for a more holistic
view of a given person and their gender. These types of scales were used in our
previous studies (Hope & Lilley, 2020; Hope & Lilley 2022), which gave participants
both identity and expression variables to describe themselves and the stimulus voices.
This framework of gender is also based on the Gender Unicorn which was formulated
by and for transgender individuals (TSER, 2015). While this approach does not fully
capture all aspects of gender, it provides a basis for exploring gender in ways which
are multidimensional.

Our questions were broad because of the descriptive nature of this study: (1)

how do different groups of gender expansive people (e.g. transfeminine,
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transmasculine, and nonbinary individuals) encode gender into speech and (2) how do
gender expansive people encode gender into speech along the continua of Masculine,
Feminine, and Other gender? We hypothesized that different groups of gender
expansive people would encode gender into speech differently. Given that our
previous research has found that nonbinary talkers produce average fundamental
frequency in between the averages for men and women (Schmid and Bradley, 2019),
we hypothesized that transfeminine individuals would have higher COG of [s]
compared to transmasculine individuals, and that nonbinary people would pattern in
the middle of transfeminine and transmasculine talkers for different acoustic variables
such as COG of [s] and formant frequencies. Our second hypothesis was that there
would be (1) a positive correlation between Feminine gender (i.e. identity and
expression) and f,,, COG and peak frequency of [s], and vowel formants, and (2) a
negative correlation between Masculine gender and those acoustic variables. For
Other gender, we anticipated that there would be a more nuanced and complex

relationship between Other gender and the acoustic variables investigated.

2.3 Methods and Materials

2.3.1 Participants

Sixteen gender expansive (e.g. transgender or nonbinary) participants over the
age of 18 years were recruited online and via word-of-mouth to participate in a speech
study that was approved by the IRB of the University of Delaware (see Appendix B).
Most of these participants came from the mid-Atlantic region of the United States. All
were lifelong talkers of American English who have always used it as their primary

language at home. Participants ranged in age from 20 to 42 years (mean = 28.3,
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SD = 5.4), and had a variety of genders including but not limited to “transmasculine”,
“transfeminine”, “agender”, “genderqueer”, and overlapping identities, €.g.
“nonbinary and transmasculine” or “transmasculine and agender.” | participated as a
subject in this study as a member of the gender expansive community as the work was

preliminary and descriptive.

2.3.2 Data Collection

Before recording, the participants read and electronically signed an informed
consent statement. They then completed a survey with demographic questions relating
to gender identity, age, race, and an open-ended question about gender and speech (see
Appendix C for the survey text). Participants provided their Male, Female and Other
gender identity on three independent scales of 0 to 100 and were told that these did not
have to add up to 100. They repeated this scaling for Masculine, Feminine, and Other
gender expression, resulting in six total gender variables.

Participants’ gradient gender along the six continua are shown in Figure 2.1.
The variables Other gender identity and Other gender expression had the highest
average, median, and max scores across the continua, reflecting the nonbinary

identities of this sample.
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Figure 2.1 Strip chart of the six gender gradient gender variables. Maleldent represents
gradient Male gender identity, Femaleldent represents gradient Female
gender identity, Otherldent represents gradient Other gender identity,

Next, participants proceeded to record 10 test sentences used in the

MascExpress represents gradient Masculine gender expression,
FemExpress represents gradient Feminine gender expression, and
OtherExpress represents gradient Other gender expression.

ModelTalker database (Bunnell et al., 2017). These recordings were used as a

screening set to ensure participants’ microphone and physical environment were

adequate for recording. The screening set was evaluated for background noise or noise

generated by their microphone that could cause an issue in speech analysis; it was also

evaluated to make sure the participants were reading the sentences at an appropriate

pace and in a natural manner, e.g. not focusing on overly enunciating or being too

theatrical. Following completion of these tasks, participants recorded the first 400

sentences in the ModelTalker database. Sentences in this database were chosen to

17



cover the widest possible range of the most commonly occurring diphones and

triphones in English.

2.3.3 Acoustic Analyses

fo Was extracted using a Praat (Boersma & Weenink, 2021) script that assessed
recorded segments with a minimum of 75 Hz and a maximum of 400 Hz for each
sentence; then f,s were averaged for the 400 sentences to obtain the average f, per
talker. COG and peak frequency of [s] were extracted using a separate Praat script; we
limited the context to word-initial prevocalic singletons, yielding 39 [s] tokens per
talker. The COG and peak frequencies were averaged across all tokens to obtain each
talker’s average COG and peak frequency for [s]. Vowel formants were extracted
using a modified Praat script that calculates formant frequencies at the midpoint of the
vowel (Kent & Vorperian, 2018; Chung et al., 2012). In total, each talker had 371 [i]
tokens, 176 [a] tokens, 203 [u] tokens, 201 [e] tokens, and 175 [o] tokens; formant
frequencies were averaged per vowel per talker. Then, using the average formant
frequency spacing (Af) method described by Johnson (2020), we computed the Af for
each talker and used this value to compute the acoustic vocal tract length (aVTL =

34,000 (cm/s)/[Af x 2]).

2.3.4 Statistical Analyses

Statistical analyses, including pairwise two-tailed t tests, Pearson’s
correlations, and linear regressions, were conducted in R. We used raw formant values
for correlations and regressions. We chose to highlight the raw values in this analysis
because of the likelihood of over-normalization that can occur especially for a group

that may be actively manipulating vocal tract length.
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Correlations using the Pearson’s method were computed between each of the
acoustic variables and each of the gradient gender variables. All acoustic variables are
continuous greater than 0 in Hz. Gradient gender variables are encoded as whole
numbers between 0 and 100. Simple linear regressions were then performed for the 10
correlations with » > 0.50 to establish the trendlines and R? values that indicate the
amount of variance in the dependent variable (the acoustic measure in this case)
explained by the independent variable (the six gradient gender variables). The acoustic
variables consisted of overall f;, f, and f; values, average f;, f, and f; for each of
five vowels ([i], [a], [u], [0], and [e]), COG for [s], peak frequency for [s], and average
fundamental frequency.

Because this is exploratory, preliminary work, our priority is to not inflate our
Type Il error rate. As such, we have decided to not make multiple-testing corrections,
as that will lower Type I errors at the expense of Type 11 (Berry, 1990; Roy et al.,
2004; Rubin, 2017).

2.4 Results

2.4.1 Whole Group Summary
Average and standard deviation for f,, COG of [s], peak frequency of [s], f;,
f2, and f3, and acoustic vocal tract lengths (aVTL) are shown in Table 1 for the

participant pool as a whole.

Table 2.1 Descriptive statistics for acoustic measurements for the whole group of
gender expansive talkers

MEASURE MEAN STANDARD DEVIATION (SD)
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fo (HZ) 163.1 375
CENTER OF GRAVITY (HZ2) 5612.5 999.8
PEAK FREQUENCY (HZ) 57273 1022.7
AVG f4 (HZ) 544.2 63.6
AVG f, (HZ) 1770.0 103.6
AVG f3 (HZ) 2730.7 119.8
aVTL (CM) 14.9 1.3

This Table illustrates the characteristics for the pooled group of gender
expansive participants (n=16). The mean f, for the group was within the
“androgynous” or “neutral” range (Davies & Goldberg, 2006) and had a large standard
deviation. The center of gravity and peak frequency for /s/ were both roughly the same
and had considerable within-group variability. f;, f, and f3 were all within expected

ranges and the aVTL varied greatly between group members.

2.4.2 Categorical Gender Groups

To answer our first question about how different groups of gender expansive
individuals encode gender into speech, we computed the mean and standard deviations
for those groups for f,, COG of [s], peak frequency of [s], fi, f2, f5, and aVTL.
These results are presented in Table 2.2. In order to visualize group differences in
vowel production, we created vowel plots of each of the groups, shown in Figure 2.2.

Finally, Figure 2.3 shows differences between groups for specific vowels.
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Table 2.2 Descriptive acoustic statistics for each gender group

NONBIN (N=8) TRANSFEM (N=4) TRANSMASC (N=4)
MEASURE MEAN SD MEAN SD MEAN SD
fo (HZ) 168.6 336 145.0 375 155.8 48.2

COG (HZ) 6094.3 340.3 5603.5 942.3 4658.0 1416.2

PEAK (HZ) 6257.7 349.4 5553.1 12373 4840.7 1254.9
f1 (HZ) 539.8 36.0 552.0 77.9 521.5 28.8
f2 (HZ) 1822.2 82.6 1688.6 71.2 1709.4 42.8
f3 (HZ) 2768.0 108.0 2674.2 162.1 2694.5 12.0
avTL (CM) 14.9 0.7 14.7 2.7 15.3 0.4

Table 2.2 shows that the Nonbinary group had the highest average f,, while the
Transfeminine group had the lowest. The Transmasculine group had the most
variability (SD) in f,, across participants. The Nonbinary group also had the highest
mean COG and peak frequency of [s], while the Transfeminine group fell in the
middle of the Nonbinary and Transmasculine groups for these values. Additionally,
the Nonbinary group had smaller variability between talkers in COG and peak
frequency of [s] when compared to the larger variabilities of the Transfeminine and
Transmasculine participants. f; had similar values between groups, and the
Transmasculine group had both the lowest f; and the smallest variability in f;
production between talkers. For f, and f5, the Nonbinary group had the highest
average values, while the Transfeminine and Transmasculine groups showed lower

values. However, the Transfeminine group had a very large variability across talkers
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while the Transmasculine group had very small variability. Finally, for the aVTL the
Transmasculine group had the longest average aVTL, while the Transfeminine group
had the shortest average aVTL and the greatest aVTL variability across talkers. These

aVTL differences were not statistically significant between groups.

Vowel Space by Group

400 -

500 -
GenderCoded

E Monbinary
E Trans_Fem
E Trans_Masc

I 600-

700 -

800 -

2500 2000 1500 1000
F2

Figure 2.2 Unnormalized vowel spaces for each gender group. Nonbinary (dark green)
represents the Nonbinary participants, Trans_Fem (dark orange)
represents the Transfeminine participants, and Trans_Masc (dark blue)
represents the Transmasculine participants. Each vowel shown represents
an individual’s average vowel production.

Figure 2.2 shows the major group differences in the vocal tract, seen by the
higher £, of [i] and [o] in the Nonbinary group and the lower £, of [0] in the

Transmasculine group. The Transfeminine group had a more varied vowel space with
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vowels spread further apart compared to the clustering observed in the Nonbinary and
Transmasculine groups.

Pairwise two-tailed t tests were conducted to examine differences between
groups for the various acoustic variables. Several of the t tests showed significant
differences between categorical gender groups and these significant findings pertained
only to the vowel acoustics; t tests for spectral mean, peak frequency, and f,, were all
statistically insignificant. The significant findings are shown in the boxplots in Figure
2.3. Removing the author from the t tests showed no change in statistical significance
for any of the variables.

The t test for f, of [i] between groups was significant between the nonbinary
and transfeminine groups (p = 0.011). The t test for f, of [e] between groups was also
significant between the nonbinary and transfeminine groups (p = 0.009). The t test
for f, of [0] between both the nonbinary and transmasculine groups as well as between
the transmasculine and transfeminine groups were significant (p = 0.013 and p =

0.025 respectively) (see Figure 2.3).

2.4.3 Gradient Gender Results

To answer the question “how do gender expansive people encode gender into
speech along the continua of masculine, feminine and other gender?”, we analyzed
correlations between the various acoustic features of interest and the six gradient

gender variables.
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Figure 2.3 Boxplots showing the differences in A) f, of [i], B) f, of [e], and C) f, of
[0] for the three groups of Nonbinary, Transfeminine (Trans_Fem) and

Transmasculine (Trans_Masc).
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2.4.3.1 Correlations

Fundamental frequency, COG for [s] and peak frequency for [s] had no

statistically significant correlations with any of the gender variables. Several of the

formant frequency acoustic measures did have statistically significant relationships

and are shown in Table 2.3. For further transparency, Table S1 is provided in

Appendix C showing the p-values and Pearson’s r values for the relationships

between the gender and acoustic variables with and without the first author when

removing the author caused a change in statistical significance. Overall, excluding the

first author changed the significance in only a few of the results (four out of 90, or

~4% of all results). Results including the author are presented below.

with » > 0.50 bolded.

Table 2.3 Correlations per formant per vowel. Values represent Pearson’s r

FEM MALE OTHER FEM MASC OTHER
GENIDENT GENIDENT GENIDENT GENEXP  GENEXP  GENEXP
[i] fi -012 -0.24 0.11 0.34 -0.27 -0.08
f 058 0.21 0.69 -0.32 0.32 0.48
fz3 -0.40 -0.01 0.56 -0.16 0.11 0.32
[a] fi -031 0.10 0.54 0.01 0.13 0.33
f 018 -0.22 0.15 0.17 -0.17 0.11
fz 011 -0.29 0.20 0.37 -0.32 0.28
[u] fi 023 0.16 -0.09 0.16 0.05 -0.32
f 038 0.12 0.35 -0.08 0.12 0.10
fz -061 0.14 0.61 -0.18 0.22 0.27
[0] fi 013 -0.30 0.15 0.47 -0.33 0.04
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fo 047 -0.68 0.30 0.50 -0.69 0.29
fz  -0.30 -0.06 0.50 0.09 -0.02 0.43
[e] fi 026 -0.42 0.01 0.48 -0.45 0.02
fa -0.44 0.12 0.64 -0.16 0.22 0.55
f3  -043 -0.06 0.56 -0.09 0.07 0.37

The significant correlations were modeled using linear regressions as described
in the following subsections. We chose to show the unnormalized formants in the
regression analysis because unnormalized formant values will always reflect both
articulation and overall vocal-tract size. The perception of gender involves the
perception of both of these factors (articulation and overall size). Additionally,
normalization is a method that often focuses on listener perceptions and how listeners
perceive distinct vowels, while this study focused on speech production. Analyzing the
unnormalized data led to the greatest preservation of trends in the data. Comparing
Table 2.3 with Table S2 (see Appendix C), the normalized method shows no
significant correlations with f5; this is likely due to the fact that the Johnson (2020)
normalization method tries to account for differences in vocal tract length. By
reducing differences in vocal tract length in this population, we could be missing
crucial information about how talkers are purposefully manipulating vocal tract length

to signal gender.

2.4.3.2 Effects of Gender on f4
There was only one statistically significant relationship between any of the
gender variables and the first formant frequency. This was the relationship between

Other gender identity and f; of [a].

26



y=720+098 x A

850- RZ=029 ®

£
@ Gender
T
= *  Monbinary
E “  Trans_Fem
%5 790
— " Trans_Masc
[

700- ‘

A T
650 - T T T T
25 50 75 100

Gradient Other Gender Identity

Figure 2.4 Linear regression of the relationship between f; of [a] in hertz and gradient
Other gender identity.

As illustrated in Figure 2.4, f; of [a] increased as gradient Other gender
identity increased. Additionally, nonbinary talkers tended to have higher Other gender

identity scores and higher f; of [a] compared to the transfeminine and transmasculine

talkers.

2.4.3.3 Effects of Gender on f,

f> was shown to be significantly correlated with Female gender identity and
Other gender identity. Figure 2.5 shows linear regressions of the relationships between
f> of [i] in hertz and gradient Female gender identity (A), f, of [i] in hertz and

gradient Other gender identity (B), f, of [e] in hertz and gradient Other gender
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identity (C), f, of [e] and gradient Other gender expression (D), f, of [0] gradient

Male gender identity (E), and £, of [0] and gradient Masculine gender expression (F).
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Figure 2.5 Linear regressions of the relationships between f, of [i] in hertz and
gradient Female gender identity (A), f, of [i] in hertz and gradient Other
gender identity (B), f, of [e] in hertz and gradient Other gender identity
(C), 1, of [e] and gradient Other gender expression (D), f, of [0] gradient
Male gender identity (E), and £, of [0] and gradient Masculine gender
expression (F).
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The relationships between f, of [i] and gradient Female gender identity and £, of [i]
and gradient Other gender identity show reverse trends with the relationship with f, of
[i] getting lower as Female gender identity increases and f, of [i] getting higher as
Other gender identity increases (Figure 2.5 A and B). Both Other gender identity and
Other gender expression were significantly correlated with f, of [e] with f, of [e]
increasing as those two variables increased (Figure 2.5 C and D). Finally, Male
gender identity and Masculine gender expression are both negatively correlated with
f of [0] showing that as those gender variables increase, f, of [0] decreases (Figure

25EandF).

2.4.3.4 Effects of Gender on f;

There were several statistically significant relationships between the third
formant frequency and the various gender variables. Figure 2.6 shows linear
regressions of the following relationships: f3 of [i] in hertz and gradient Other gender
identity (A), f3 of [u] in hertz and gradient Female gender identity (B), and f3 of [u] in
hertz and gradient Other gender identity (C).
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Figure 2.6 Linear regressions of the relationships between f3 of [i] in hertz and
gradient Other gender identity (A), f3 of [u] in hertz and gradient Female
gender identity (B), and f3 of [u] in hertz and gradient Other gender
identity (C).

Figure 2.6 demonstrates several relationships with different directions between
f3 values and gradient gender. As gradient Other gender identity increased, f3 of [i]
and [u] both increased. Meanwhile, as gradient Female gender identity increased, f; of

[u] decreased.

2.5 Discussion
Based on the findings, gender expansive individuals may be encoding gender

in speech both in terms of categories and along a gradient, predominantly through the
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use of vowel acoustics in this study. Fundamental frequency and acoustics of [s] that
we explored in this study were not found to be statistically significantly related to any
of the six gradient gender variables (Male, Female and Other gender identity and
Masculine, Feminine and Other gender expression) and did not categorically
distinguish any of the three subsets of talkers from each other. In Figure 2.2, we
presented a vowel space of the different gender groups. We noted the presence of /u/
fronting, which is consistent with Mid-Atlantic dialects in North America (Havenhill,
2024). Another note is that the presence of group differences exhibited in the vowel
space may be attributed to differences in the vocal tract sizes of participants. The
Nonbinary participants had aVTL of 14.9, the Transfeminine participants had aVTL of
14.7, and the Transmasculine participants had aVTL of 15.3. While these do reflect
differences across groups that may have an anatomical component, we did not want to
exclude the effects of participants deliberately manipulating vocal tract length. With
this consideration in mind, findings from the vowel space show that transmasculine
GE talkers tend to produce vowels that are more back (i.e. f, is lower) compared to
nonbinary GE talkers. Additionally, transmasculine talkers tended to have a smaller
and lower vowel space compared to the nonbinary and transfeminine talkers. This is
consistent with results previously reported for male and female talkers who were made
to “feminize” or “masculinize” their voices. Both male and female talkers showed that
when they were asked to “masculinize” their voice, their f;-f; values became lower
and their vowel space smaller. When they were asked to “feminize” their voice, their
f1-f4 values increased as did vowel space (Cartei et al., 2012). The vowel space in the
present study also showed that nonbinary GE talkers have lower [e] and [a]

productions in terms of formant frequencies compared to transmasculine and most
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transfeminine talkers. Transmasculine people categorically produced [0] with lower f,
than nonbinary or transfeminine individuals, and there was a significant difference
between the transfeminine and transmasculine groups for overall f;.

However, in contrast to previous research, we did not find significant
relationships between Feminine gender expression/Female gender identity and f,, or
Masculine gender expression/Male gender identity and f,,; indeed, none of the six
gender variables explored were significantly correlated with f,. In this study we did
not find evidence that gender expansive people did use f, to encode gender. These
results correspond with our recent perceptual findings, which showed gender
expansive people do not utilize f,, in the perception of voice gender (Hope & Lilley,
2020; Hope & Lilley, 2022). While we did not explore perception in the present study,
these together are suggestive of a production-perception interface in voice gender
processing. Contrary to prior research, our findings reveal that pitch is uncorrelated
with gender encoding and perception, potentially indicating an expanded range of cues
and internal processing mechanisms influenced by exposure to diverse voices,
particularly within the gender expansive community.

We found that f, of [0] became significantly lower as gradient Male identity
increased and Masculine expression increased (Figure 2.5), whereby Masculine
expression had the greater impact of the two. Thus, we have a potential marker of
masculinity in this group. However, voice gender expression in this group may be
multidimensional with talkers mixing and matching different acoustic properties. For
example, those who were nonbinary may have been more or less masculine and used
other acoustic markers, such as raising f, of [i] to signal Other gender identity (Figure

2.5) and/or raising other formants to signal simultaneous Female gender identity (as

32



these gender variables are not mutually exclusive). Thus, a gender expansive person
who has both strong other gender and male identity could raise f; for [i], signaling
other gender identity, while lowering f; of [0], to signal male gender identity. This
interpretation is speculative and awaits confirmation in future data sets — however,
based on the current data set, this is an interpretation that might be entertained.
Another way these talkers may encode simultaneous aspects of gender is by using
sibilant production. Although the finding was not statistically significant, nonbinary
individuals produced [s] with the highest COG and peak frequency (see Table 2.2) and
thus, nonbinary talkers who embody both masculine gender and feminine gender may
choose to mix and match a lower f, of [0] with a higher [s] COG. In these ways,
nonbinary talkers are utilizing “stylistic bricolage” — the mixing and matching of
sociophonetic cues — to signal a multidimensional and nonbinary identity.

One limitation of this study was that we were not completely able to control
for environmental factors in the recordings. Participants recorded remotely, and,
although they passed a screening set of test sentences, they all had variable recording
environments. Additionally, because we looked only at a small group of gender
expansive talkers, results may not be generalizable to a larger group. Even for a larger
group, gender expansive talkers are diverse both in identities and in speech. Finally,
while we modeled the Other gender variables’ relationships with acoustics using
linear regression, this group largely had high “other” gender identity and expression;
thus, the low variance in these scores resulted in linear regression being less
appropriate. However, we were not powered for more complex modeling. This
analysis was preliminary, given our small number of talkers, and further investigation

is warranted to examine more complex relationships between gender identity and
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formant production and acoustics, in accordance with our hypotheses that Other
gender has a more complex relationship with acoustic variables than Female and Male

gender do.

2.6 Conclusion

This study was an exploratory, descriptive, community-informed and -directed
investigation into the production of speech of gender expansive individuals and the
gradient encoding of multidimensional, nonbinary gender in speech. Sixteen gender
expansive talkers recorded 400 English utterances, which were analyzed for multiple
acoustic variables known to be correlated with the encoding of gender. We found
significant correlations between formants of different vowels and multidimensional
gender variables (gradient masculine, feminine, and “other” gender identity and
expression). In particular, we uncovered a strong correlation between f, of [0] and
gradient Male identity, as well as gradient Masculine gender expression, indicating
that this group may be using tongue backing of [o] (which drops f3) as a way to signal
masculinity. Additionally, we found cues for encoding gradient Other gender identity,
namely raising f; of [i]. This work has implications for sociophonetics and speech
language pathology. These findings could prompt further research into vocal
techniques and therapies for gender expansive people of a variety of genders, as well

as the creation of more inclusive speech technology.
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Chapter 3
GENDER PERCEPTION IN GENDER EXPANSIVE SYNTHETIC VOICES

Gender perception in speech is a complex sociophonetic phenomenon that
involves both the talker’s own encoding of gender using different acoustic cues as well
as the listener’s biases and experiences in interpreting those cues and mapping them
onto different voice genders. Various sociophonetic cues in English, including
fundamental frequency, formant frequencies, and spectral properties of sibilants,
influence how we perceive gender in speech. These acoustic cues to speech must also
be extended to the realm of synthetic voices.

In recent years, the development and use of synthetic voices, particularly in
speech-generating devices (SGDs) and virtual assistants, have expanded significantly.
These synthetic voices, commonly referred to as text-to-speech (TTS), are now
ubiquitous in technology like Alexa and Siri, but are also of vital importance for
meeting the communication needs of those who use SGDs. However, the design and
implementation of these voices have historically adhered to binary gender norms,
resulting in voices that are explicitly or implicitly coded as either male or female. This
binary framework has significant limitations, especially for individuals who identify
outside the traditional cisheteronormative spectrum. Transgender, nonbinary, and
other gender expansive individuals often find themselves marginalized by these
synthetic voice systems, which fail to represent their identities adequately (Hope &

Lilley, 2023).
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The perception of gender expansive synthetic voices is a crucial area of study,
as it directly impacts the usability and effectiveness of these technologies for gender
diverse populations. Historically, research on speech production and perception has
focused predominantly on cisgender individuals, leading to a substantial gap in our
understanding of how gender expansive individuals encode and perceive gender in
speech. There is a clear need to address this gap by examining how gender expansive
synthetic voices are perceived by both gender expansive and cisgender listeners. This
understanding is vital for creating more inclusive and representative synthetic voices
that can better serve the needs of all users.

The findings from Chapter 2 underscore several key differences in how gender
expansive individuals produce speech compared to cisgender talkers. For instance,
while traditional metrics like f,, and the center of gravity (COG) of /s/ have been used
to differentiate male and female voices, these parameters do not necessarily apply to
gender expansive talkers. Instead, formant frequencies, particularly the second
formant (f,), play a significant role in encoding multidimensional, nonbinary gender
for gender expansive individuals. These findings suggest that gender expansive
synthetic voices might require different acoustic properties to accurately reflect the
identities of their users, and further that they should be developed from gender
expansive talkers themselves.

Moreover, the perception of these voices may be influenced by the listener's
own gender identity and experiences. It is a possibility that gender expansive listeners
are more attuned to recognizing and affirming nonbinary cues in synthetic voices than
cisgender listeners. This implies that the effectiveness of a synthetic voice in

conveying gender identity can vary widely depending on the listener's background and
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familiarity with gender expansive speech patterns. Therefore, it is not only important
to create synthetic voices that technically encode gender correctly but also to
understand how these voices are perceived across different populations.

Investigating the perception of gender expansive synthetic voices is essential for
advancing speech technology that is truly inclusive. By understanding how different
listeners perceive these voices, we can develop better tools and technologies that
affirm the identities of gender expansive individuals and enhance their communication
experiences. This chapter aims to delve into the nuances of gender expansive speech
perception, drawing on the latest research to highlight the importance of inclusive

design in synthetic voice technology.

3.1 Introduction

3.1.1 Fundamental frequency

Fundamental frequency (f,), whose perceptual correlate is pitch, plays a
critical role as a cue in gender perception. Extensive research has established that men
tend to have lower f, values than women. This difference in f,, between binary
genders primarily stems from physiological factors such as vocal fold size and tension
(Dabbs & Mallinger, 1999; Evans et al., 2008; Glaser et al., 2016). The majority of the
relevant previous work has been done with cisgender individuals.

Additionally, it is important to note that reducing the differences in f, to
categorical differences between men and women does not fully account for all
variations in f, production and perception. Sociocultural and individual differences in
voice pitch also contribute to f,, variation, influencing gender perception. For instance,

the perception of women's voices varies along a gradient depending on their pitch.

37



Women with higher-pitched voices are often perceived as more feminine and
attractive compared to those with lower-pitched voices (Pisanski et al., 2018).
Conversely, lower mean f, in men's voices has been linked to higher perception of
dominance (Hodges-Simeon et al., 2010). These factors interact with other
sociocultural variables, including race and culture (Van Bezooijen, 1995; Levy, 2023),
further complicating the understanding of gender perception.

There are several ways that f,, varies. First, it can vary immensely within
individuals; each person may fluctuate f,, within and between sentences and in
different contexts. This variation can also differ between groups. For example, women
tend to use more of their pitch range compared to men, including variations of f,
within individual words (Hancock et al., 2014). Therefore, f, is found to vary within
and between individuals and groups. It is crucial to acknowledge that gender is not
strictly binary, and the variation in f, between individuals who are nonbinary is high,
reflecting their unique gender identities (Schmid & Bradley, 2019). This poses a
challenge to the cisheteronormative framework when attempting to categorize
individuals solely based on pitch. Nonbinary individuals may exhibit f, values that do
not conform to traditional male or female patterns. Therefore, relying only on f, to
determine gender would overlook the diversity within nonbinary experiences. The
implications of reliance of on f,, for gender determination extend to binary individuals
who talk in ways that are outside the general trends for their gender identity.

Technological advancements have provided researchers with the ability to
manipulate f,, in speech synthesis, enabling investigations into how listeners perceive
gender when f,, is modified. In a previous study from our lab, synthetic voices,

constructed using voice data from (presumably) cisgender men and women, with
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average f,values within the "neutral range" were categorized as "nonbinary™ more
frequently and rated higher on an "other" gender scale by gender expansive
individuals (e.g., transgender and/or nonbinary) compared to ratings by cisgender
individuals (Hope & Lilley, 2022). Additionally, gender expansive listeners relied less
on the f, cue and placed more emphasis on other factors described shortly in their
gender categorization compared to cisgender listeners (Hope & Lilley, 2020).
However, these voices, as noted, were created from (presumably) cisgender men and
women’s speech data, and there has been limited research examining the perception of
actual nonbinary voices.

In conclusion, while f;, is a crucial sociophonetic cue in gender perception, it is
essential to consider sociocultural and individual factors that influence f,, differences
and their relationship with gender. Gender cannot be solely determined by pitch,
especially in light of nonbinary identities and the diversity they encompass. It is
important to explore the perception of nonbinary voices further, considering multiple

cues beyond f, to better understand the intricate nature of gender perception.

3.1.2 Formant Frequencies

While f, offers valuable information on gender perception, it should not by
any means be regarded as the sole determinant of gender. Recent research indicates
that fpaccounts for only 41.6% of the variation in gender perception ratings in speech
(Leung et al., 2018). Another significant factor influencing gender perception in
speech is formant frequencies. Formants are a product of vocal tract size and the
location of constrictions in the vocal tract. Any given pattern of formants--particularly
the lowest two formants (f; and f;)--reflects both of these factors. Formant

frequencies can cue gender because they represent a particular gendered way of
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producing a vowel (such as a fronted or non-fronted /u/, at least in dialects where /u/-
fronting is related to gender), because they cue the listener that the vocal tract has a
particular size, or both. Longer vocal tracts tend to produce lower average formants
overall compared to shorter vocal tracts. However, the place of constriction in the
vocal tract also influences formant frequencies; f; is typically associated with the size
of the pharyngeal cavity (which is related to tongue height), and f, is associated with
the length of the oral/front cavity. Studies have consistently demonstrated gender-
related differences in formant frequencies contributing to the perception of
masculinity or femininity in speech. Men typically exhibit lower f; and f, values than
women, primarily due to physiological differences in vocal tract length and shape
(Raphael et al., 2012, pp. 95-109). These differences contribute to the perception of a
more "masculine™ voice for men and a more "feminine™ voice for women (Leung et
al., 2018). Despite these differences between men and women with respect to size and
shape of the articulatory cavities, it is important to bear in mind that these differences
are based largely on studies of demographically unspecified groups that most likely
involved cisgender people exclusively.

Formant frequencies exhibit a correlation with voice gender, for which female
talkers typically display higher formant frequencies compared to male talkers (Davies
& Goldberg, 2006; Cartei & Reby, 2013; Leung et al., 2018; Nagels et al., 2020).
Research by Kawitzky and McAllister (2019) revealed that higher f, values were
associated with higher ratings of femininity of speech and determined that both f,, and
f2 jointly influence a listener's perception of the talker's gender. A production study
assessing talkers' gender identity with regard to both masculine and feminine gender

scales revealed that men self-identifying as less masculine tended to exhibit higher
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fundamental frequencies (f,) and larger vowel spaces compared to men who reported
higher degree of masculine gender (Weirich & Simpson, 2018). Weirich & Simpson
furthermore performed a voice gender perception experiment that demonstrated an
interaction between formant frequencies and the listener's gender in listener
identification of gender. f,, has been generally thought to have a more pronounced
impact on voice gender perception than formant frequencies; however, research
regarding the influence of formant frequencies continues to put that traditionally held
belief into question. One study indicated that an "androgynous™ f,, contour, combined
with either masculine or feminine formant frequencies, significantly influenced voice
gender perception (Skuk & Schweinberger, 2014). However, it is worth noting that
that study employed a binary choice approach for voice gender perception, allowing
listeners to categorize voices as either "male” or "female.” These findings highlight the
importance of individual variation in the encoding of gender through vocal tract size
and shape.

Nonbinary individuals reject binary categorization. As such, it would not be
surprising if their speech defied binary categorization as well; this means they may not
encode gender in traditional male or female speech patterns. These individuals may
utilize techniques such as manipulating the size and shape of the pharyngeal or oral
cavity to raise or lower f; or f,. Such manipulation may allow nonbinary individuals
to influence gender perception and create a stylistic bricolage (Zimman, 2017), which
is a mixing and matching of sociophonetic cues. These individuals may mix and match
techniques, altering f,, alongside formants in unique ways, and utilize a combination

of strategies to convey their gender identity. Consequently, speech produced in this
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stylistic bricolage may be perceived differently from speech which is not produced in
this style in terms of gender, whether categorically or on a gradient scale.

In summary, while £, is essential for gender perception in speech, it explains
only a portion of the variation in gender perception ratings. Formant frequencies,
which are influenced by vocal tract size and shape, play a significant role in shaping
perceptions of masculinity and femininity in speech. The individual variation and
unique approaches employed by nonbinary individuals in manipulating formants and
fo contribute to the diverse ways gender is perceived in their speech. Further
exploration of these factors is important to deepen our understanding of gender

perception and representation in diverse linguistic contexts.

3.1.3 Sibilants /s/ and /f/ in English

Sibilant perception in English has also been identified as a relevant factor in
gender perception. Sibilants are sounds such as /s/ and /J/ that exhibit a distinct hissing
or hushing quality and are characterized by a high-frequency energy concentration.
These sibilant sounds serve as important sociophonetic cues in gender perception,
providing additional information about the talker's gender identity (Strand & Johnson,
1996; Munson, 2011; Hope & Lilley, 2023).

Studies have shown that there are differences in sibilant production between
men and women. Specifically, women tend to produce [s] with higher spectral means
and energy peaks compared to men (Jongman et al., 2000; Fuchs & Toda, 2010;
Weirich & Simpson, 2015). One possible explanation is the sociophonetic encoding of
gender by women, involving the advancement of the tongue further forward in the
mouth during [s] production. This tongue positioning leads to higher spectral means

and peak frequencies (Fuchs & Toda, 2010). Additionally, the duration of sibilant
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sounds can also play a role in gender perception, with research suggesting that women
tend to produce longer sibilants than men (Weirich & Simpson, 2015). It is crucial to
remember the demographics of these studies were likely to have been limited. The
gender and sexual identities of the women and men in each of the studies (cis or trans,
queer or straight) is often left unspecified.

Thus, the previous studies are limited and do not represent the diverse range of
women’s or men’s voices, including gender expansive women and men. The existing
research predominantly falls within the framework of binary gender categorization,
leaving a significant gap in understanding sibilant perception in nonbinary speech.
Therefore, more research is needed to explore how sibilant perception contributes to
gender categorization among nonbinary individuals.

Further investigation into the perception of sibilant sounds in nonbinary speech
will help expand our knowledge of gender perception beyond binary frameworks. By
examining how nonbinary individuals manipulate and produce sibilant sounds, we can
gain a deeper understanding of the sociophonetic cues and strategies these individuals
employ to convey their gender identities. Such research will contribute to a more
comprehensive and inclusive understanding of gender perception than is currently

available in relation to sibilant perception.

3.1.4 Listener characteristics

The perception of gender in speech is influenced by various listener
characteristics, including the listener's own gender and other group identities.
Individuals often possess pre-existing gender stereotypes that shape their interpretation
of sociophonetic cues. Cisgender men and cisgender women have been found to

exhibit increased activation in the prefrontal cortex when exposed to voice gender
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stimuli that become increasingly ambiguous (Junger et al., 2013). Stimuli the fits into
previously constructed categories are processed by the reflexive centers of the brain,
while stimuli that do not fit neatly into preconceived categories must by processed by
the reflective center, largely the prefrontal cortex (Lieberman, 2007). The increased
activation in the prefrontal cortex of cisgender listeners when confronted with
nonbinary voices suggests that their voice gender categories may not extend beyond
binary conceptions. On the other hand, trans men have demonstrated higher accuracy
in identifying "ambiguous" male voices as "male" and exhibited reduced processing
load during voice categorization compared to cisgender men (Smith et al., 2018),
suggesting an expanded category of "masculine” voice. Dolquist (2023) found that
gender expansive listeners were less likely to identify a transmasculine voice as male
than cisheterosexual men and women; however, the methods were different from those
in the study conducted by Smith et al. (2018) which (1) did not use transmasculine
voices in particular but used “male” speech that had acoustic parameters shifted to be
“ambiguous”; (2) forced a choice in their participants as opposed to giving their
participants the chance to say they could not reasonably guess the person’s gender as
Dolquist (2023) did; and (3) found this increased sensitivity in trans men specifically
while Dolquist (2023) did not look at subcategories of listeners (e.g. did not
specifically look at trans men’s perception of transmasculine speech but looked at
perception in the whole group of gender expansive listeners). These studies highlight
the impact of the listener's gender identity and group identity, particularly for gender
expansive individuals, on voice gender perception and processing. Furthermore,
research has shown that cisgender, queer individuals perceive trans women's speech as

significantly more feminine compared to how cisgender, straight individuals perceive
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the same voices (Hancock & Pool, 2017). This could be attributed to a broadening of
the concept of "feminine" speech and the exposure to a wide range of femininities
within the queer community. These findings support the notion that voice gender
categories can change or broaden, influenced by the diversity of gender expressions
and experiences encountered within different communities (Hope & Lilley, 2022).
However, limited investigation has been conducted to understand how gender
expansive individuals, particularly those who are nonbinary, perceive gender
expansive voices.

To gain a comprehensive understanding of gender perception, it is crucial to
explore how gender expansive individuals perceive and interpret gender expansive
voices. Examining the experiences, preferences, and biases of gender expansive
individuals can provide valuable insights into the diverse ways in which gender is
understood and categorized in speech. Further research in this area is necessary to
shed light on the nuanced dynamics of gender perception and expand our knowledge
beyond traditional binary frameworks. By considering the perspectives of gender
expansive individuals, we can foster a more inclusive understanding of gender identity

and representation in speech perception.

3.1.5 Synthetic speech and gender perception

The perception of gender in synthetic voices has been explored in several
studies. Mullennix et al. (2003) investigated the perception of male and female
synthetic voices and examined the effects of listener gender. These authors used preset
voices from DECTalk system, which was widely commercially used TTS system.
They found that male synthetic voices were preferred over female synthetic voices,

particularly by female listeners. The male voices were perceived as more persuasive,
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favorable, powerful, softer, and slower compared to the female voices, even with the
same rate of synthesized speech. These findings were attributed to the overall better
voice quality in the male synthetic voices, with an interaction with higher-level power-
dynamic effects of gender. Furthermore, when comparing natural female speech to
synthetic female speech, the natural speech from female talkers was preferred. It was
perceived as slower, livelier, and less "nasal" compared to the synthetic female voices.
In contrast, the male natural and synthetic voices were perceived similarly in all
measured respects, indicating less disparity in voice quality between natural and
synthetic male voices. This suggests an effect on perceived speaking rate and voice
quality in the resulting synthetic female voices.

The preference for male synthetic voices has a historical bases in disparity of

research on male versus female voice production. Henton (1999) states:

“There has been little synthesis of the female voice for two reasons.
The first reason is there is insufficient data on female speech
production. A cross-language survey of phonetic studies, which
ostensibly provided 'representative’ adult acoustic data, showed that
among 42 studies, 30.9% had equal numbers of males and females,
40.5% assembled solely male speakers, a meagre 4.8% had only female
speakers, and 21.4% incorporated more males than females (Henton
1986). Just one study (2.4%) incorporated more females than males. A
second reason for the comparative lack of female synthetic speech is
that female voices historically have been marginalized acoustically
(and hence, disregarded in phonetic theory) owing to inadequacies in
analytic hardware.” (p. 51-52)

This quote is not only a marker of the past but a warning of the future: what could
become the fate for nonbinary synthetic voices. Henton (1999) analyzes factors of the
female voice that make the synthesizing process more difficult, which fall out from the
reasons stated above; these factors ultimately amount to the more varied speech

patterns that women used compared to men and the fact that men tend to have more
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reduced forms in speech whereas women tend to use more distinct forms of both
vowels and consonants and therefore, those make it more difficult for synthesis to
capture.

In our previous study (Hope & Lilley, 2023), a "sibilant goodness” task was
conducted to examine listener preferences for sibilant sounds ([s] and [[]) produced by
three different synthetic voices: a “female” voice constructed using data from 20 cis
female talkers, a “male” voice constructed using data from 20 cis male talkers,” and a
"nonbinary” voice constructed using data from all 40 talkers and which was labeled as
“nonbinary” by nonbinary listeners 100% of the time in an earlier study by the same
authors (Hope & Lilley, 2022). The results showed that cisgender listeners more often
chose the male synthetic voice as having the best sibilant overall, both in terms
preference and exemplary acoustics. In contrast, gender expansive listeners chose the
female and male voices about equally. Additionally, the male synthetic voice was
rated as having the best [s] by both groups. However, the "nonbinary" synthetic voice
was ranked the lowest in terms of the best [s] among the three for both the gender
expansive and cisgender groups. It was hypothesized that the relatively low preference
for the "nonbinary™ voice may have been due to the fact that it was constructed using
data from male and female talkers rather than actual nonbinary individuals, potentially
lacking authentic sociophonetic cues of nonbinary speech. These findings indicate a
general preference for the male synthetic voice, particularly among cisgender listeners.

Furthermore, Pfibil et al. (2016) conducted a study evaluating the classification
of synthetic speech by gender and age. These authors constructed a voice classification
system that could classify a synthetic voice as female or male and as a “child,” “young

adult,” “adult,” or “senior”. The results showed that the evaluation system classified
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male synthetic voices with greater accuracy than female synthetic voices. In another
study evaluating synthetic voice, Ptibil et al. (2020) created an evaluation system for
rating voice quality in synthetic voices. VVoice quality in this study was determined as
the “similarity [of the synthetic voice] with the original voice by evaluation of features
derived from time durations of voiced and unvoiced speech parts” (Ptibil et al., 2020,
p. 78). In that study, the authors found that the male voices were evaluated as better by
their evaluation system than female voices, e.g. the evaluated acoustic parameters
were closer to the original raw acoustic measures for the male voices compared to the
female voices. The authors noted that the difference in classification might be
attributed to the higher variability observed in natural female speech, affecting supra-
segmental features (sound intensity and f,, changes), spectral features, and changes in
time duration relations. To address this disparity and improve the synthesis of
nonbinary speech, proactive research is needed to understand the sociophonetic
encoding of nonbinary identity and how it can be effectively captured and perceived in
synthetic speech.

Overall, the studies discussed highlight the preference for male synthetic
voices in various aspects, including voice quality, sibilant perception, and in speech
synthesis evaluation. Given that this preference for male synthetic voices may reflect a
historical and institutional research bias against women’s speech production, to ensure
accurate and inclusive representation of nonbinary voices in speech synthesis, it is
crucial to investigate and incorporate the sociophonetic cues of nonbinary speech in
the development of synthetic voices. Specifically, research should focus on
understanding the unique characteristics of nonbinary speech and explore ways to

effectively capture and reproduce them in synthetic speech systems.
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3.1.6 Questions and hypotheses

Gender perception in speech is a multifaceted process influenced by various
sociophonetic cues, including fundamental frequency, formant frequencies, and
acoustic properties of sibilants. More research needs to be conducted on nonbinary
individuals to capture a fuller range of diversity in gender expression in voice. In a
similar vein, a listener's characteristics also influence voice gender perception.
Therefore, it is essential to investigate how different individuals’ experiences of
gender may interact with perception of gender in speech. In particular, perception of
gender in gender expansive synthetic voices has not been explored. This next study
looked at gender perception in four different gender expansive synthetic voices created
from the speech of 16 gender expansive talkers.

Our questions and hypotheses were:

1. How do cisgender and gender expansive individuals perceive gender in
synthetic speech produced from data for gender expansive individuals?
In particular, do gender expansive individuals have different “other”
gender perception of these voices compared to cisgender individuals?
We anticipated that cisgender and gender expansive individuals would
perceive the gender of the gender expansive synthetic voices
differently.

2. Do cisgender and gender expansive people perceive the four voices
differently? We hypothesized that the nonbinary and gender expansive
synthetic voices would be perceived as significantly more “other”
gender compared to the transmasculine and transfeminine voices which
we anticipated would be rated more in a “binary” manner.

3. Do those with greater other gender perceive voices as more “other”
gender? We hypothesized that the greater “other” gender a participant
identifies with, the greater they would perceive the voices as “other”
gender (e.g. not as male or female or as feminine or masculine.
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3.2 Methods and Materials

3.2.1 Synthetic Voice Creation

Four voices (one created with data from all talkers in the study illustrated in
Chapter 2 — ALL, one from 8 nonbinary participants — NB, one from 4 transfeminine
participants — TF, one from 4 transmasculine participants — TM) were built using the
standard Merlin DNN synthesis process (Wu et al., 2016) in which two DNN models
were trained as follows: (1) a duration model that takes 229 linguistic features as
input, and predicts the number of 5-msec frames per phone as output; and (2) an
acoustic model with the same linguistic features as input, and a set of 187 acoustic
features per frame as output, which include 180 mel-generalized coefficients (MGC),
3 band aperiodicity (BAP) features, 3 log f, features, and voicing. The recordings of
all 16 talkers were used to train the ALL model, the 8 nonbinary talkers for the NB
model, the 4 transfeminine talkers for the TF model, and the 4 transmasculine talkers
for the TM model. The variable sample size across groups is due to convenience
sampling. All training used Theano (Al-Rfou et al. 2016). All DNN models used six
fully connected layers of 1536 units apiece with tanh activation and no dropout.
Training used stochastic gradient descent (initial learning rate 0.002 with exponential
decay), with 10 warmup and 30 training epochs (25 for f, models). Batch sizes were
64 for duration models and 256 for other models. For synthesis we used the WORLD
vocoder (Morise et al., 2016). For the four voices, we used the trained duration models
and matching acoustic models to generate the WORLD vocoder features.

The WORLD vocoder is known for its speech synthesis capabilities, especially
in real-time applications. The system employs advanced signal processing techniques

to analyze and synthesize speech signals, allowing for natural and intelligible output.

50



These synthetic voices are often used specifically for speech-generating devices. The
WORLD vocoder software includes both the tools for parameterizing the speech
signal and for reconstructing it from the parametric representation. The input (raw)
speech signal is analyzed to extract its f,, spectral envelope, and aperiodic
components. This process develops a parametric description of the acoustic signal in
terms of a sequence of time-varying measurements or parameters. f,, captures the rate
of vocal fold vibration, while the spectral envelope captures the shape of the vocal
tract and the vocal fold output, and the aperiodic components represent non-harmonic
components, such as those occurring with breathiness or frication. The derived
parameters can then be used for parametric synthesis using the WORLD vocoder. The
synthesis process involves generating a waveform based on f,, the spectral envelope,
and aperiodic components obtained from the analysis stage. As a result of this process,

synthesized words, phrases, and sentences can be generated.

3.2.2 Sentence/Paragraph generation

Each voice was made to generate two different Harvard sentences resulting in
eight different Harvard sentences (IEEE, 1969). Each voice was also made to produce
a slightly modified version of the Rainbow Passage (Fairbanks, 1960).

Fundamental frequency averages and standard deviations for each of the

sentences and passages are in Table 3.1.

Table 3.1 Fundamental frequency (f,) averages and standard deviations for
each of the sentences and passages for each synthetic voice.

SENTENCE/PASSAGE VOICE AVGfo SDfo

The brown house was on fire to the attic. NB 1515 21.8
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A fresh start will work such wonders.

Cut the cord that binds the box tightly.
New pants lack cuffs and pockets.

Try to trace the fine lines of the painting.
Throw out the used paper cup and plate.
Carry the pail to the wall and spill it there.
The fur of cats goes by many names.
Rainbow Passage

Rainbow Passage

Rainbow Passage

Rainbow Passage

The average Vowel Space Dispersion (VSD) for each of the four voices is

NB
™
™
TF
TF
ALL
ALL
NB
™
TF
ALL

148.6
129.9
147.3
128.3
127.8
140.7
141.9
145.1
130.0
122.3
137.4

shown in Table 3.2. VSD could not be accurately calculated for each sentence

individually due to lack of sufficient vowel tokens.

Table 3.2 Average vowel space dispersion (VSD) for the four voices

calculated by averaging the Euclidian distance of vowels [i],[u],[a],[0].[€]

from all the stimuli used for that voice to center of the vowel space

21.4
20.1
18.1
17.3
13.8
19.1
21.4
14.9
16.4
12.7
15.7

VOICE VSD

ALL 546.0 Hz
NB 606.6 Hz
TF 527.7 Hz
™ 612.8 Hz
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3.2.3 Participants
Forty listener participants were recruited via the website Prolific

(www.prolific.com) and participated in an online speech perception experiment that

was approved by the IRB of the University of Delaware (see Appendix B). There were
two rounds of recruitment; the first was set to allow 20 nonbinary individuals and the
second was set to allow 20 men and women according to Prolific’s identity settings,
allowing both cisgender and transgender participants. Those who participated in the
first round were excluded from participation in the second round. For both rounds,
Prolific was set up to have a pre-screen that admitted only the participants who
disclosed they were between the ages of 18 and 65years, that they were fluent talkers
of English, and that the place where they spent the most time before they turned 18
was in the United States. The participants’ ages ranged from 18 to 61years (mean =
29.7, SD = 9.6) and the racial identities that people used to describe themselves in
response to an open-ended question were distributed as follows: 28 white, 2 Black, 2
Multicultural/mixed, 2 Latinx, 2 Hispanic, 2 Asian, 1 Native American, 1 Native
American/mixed. Eighteen of the total participant pool were gender expansive (GE);
that is, they were transgender and/or nonbinary (the other 22 were cisgender).
Participants were compensated $15.49/hour for completing the experiment, as set by

Prolific. The experiment took a median completion time of 30 minutes.

3.2.4 Procedures

The experiment was built and run through Gorilla (Anwyl-Irvine et al., 2020).
The first part of the experiment involved a comprehensive demographic survey that
asked questions about the participants' age, race, and gender. The survey also included

six scales of gender corresponding to three continuous scales (0 to 100) of gender
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identity (female, male, and other gender) and three similar scales of gender expression
(feminine, masculine, and other gender).

Participants listened to two different Harvard Sentences produced by each of
the voices, for a total of eight sentences, and gave subjective gender ratings of
masculine, feminine, and other gender perception. Finally, participants heard each
voice produce the first five sentences of the Rainbow Passage, and gave an open-
ended description of what the voice sounded like to them, which could include any
features of the voice and was not limited to gender (e.g., age, race, class, education,
emotional state, intelligence, etc.). Participants also completed a second experiment

identifying sibilant fricatives, which is reported in Chapter 4.

3.2.5 Statistical analyses

Statistical analyses including 3 repeated-measures ANOVASs and a linear
mixed model were conducted in R using functions aov from base R and Imer from
Ime4, respectively (Bates et al., 2015). Shapiro-Wilk normality tests and Bartlett tests
of homogeneity of variances were also conducted in base R using shapiro.test and
bartlett.test. To answer the question of if the four voices are perceived differently from
each other, we conducted our repeated-measures ANOVAS between the gender

perceptions of the voices for all participants:
Participant)

Gender perception ~ Voice * Group + Error ( Voice

where Gender perception is encoded as a whole number between 0 and 100, Voice
is a categorical variable with four categories (ALL representing the voice created from
all gender expansive talkers, NonBin representing the voice created from the

nonbinary talkers, TF representing the voice created from the transfeminine talkers,
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and TM representing the voice created from the transmasculine talkers), and GE is a
binary variable GE vs. Cis (encoded 1 vs. 0 respectively).

To answer the question of whether listeners with higher other gender identity
perceive “other” gender to a greater degree than other listeners, a mixed linear
regression was computed between Other gender identity of the listener and Other
gender perception of the voices:

Other gender perception ~ Other gender identity + (1|Participant),
where Other gender perception and Other gender identity were encoded as
whole numbers between 0 and 100

In a similar vein to the statistical analyses in Chapter 2, although this is not an
exploratory study, given the small sample size and preliminary nature of the work, we
will adapt an alpha of 0.1 to again reduce the potential for Type Il error (Roy et al.,

2004; Schumm et al., 2013).

3.3 Results

3.3.1 Differences between voices
Figure 3.1. shows the Feminine, Masculine, and Other gender perception of

the four synthetic voices for the whole group of listener participants.
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Figure 3.1. Perceptual ratings collapsed across gender expansive and cisgender groups.
The x-axis shows the four different synthetic voices (ALL representing the voice
created from all gender expansive talkers, NonBin representing the voice created from
the nonbinary talkers, TF representing the voice created from the transfeminine
talkers, and TM representing the voice created from the transmasculine talkers). The
y-axis shows the perceptual gender rating on a scale of 0-100. Colors indicate gender
of perception with Feminine gender in red, Masculine gender in the green and Other
gender in the blue.

Figure 3.1 above shows that the four synthetic voices had large variabilities in
gender perception scores across listeners represented by the relatively large boxes and
lines of the boxplots. Both the ALL voice and the TF voice were perceived as more
masculinely gendered compared to the NonBin and TM voices. The NonBin voice had
the highest Feminine gender perception. The TM voice had very similar median

scores across the three gender perception scales, all around 50 on a scale of 0 to 100.
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Figure 3.2. below shows the gender perception (Masculine, Feminine, and

Other) of the synthetic voice constructed from all 16 gender expansive talkers.
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Figure 3.2. Boxplots illustrating differences in perception for the ALL voice made
from all 16 GE talkers (A), the NonBin voice made from the eight nonbinary talkers
(B), the TF voice made from the four transfeminine talkers (C), and TM voice made
from the four transmasculine talkers (D), between groups where red boxes indicate the
cisgender listener group and blue boxes indicate the gender expansive listener group.

The figure above illustrates that the cisgender and gender expansive listeners
have similar Feminine and Masculine gender perception of the ALL synthetic voice

while these groups differ in Other gender perception. The GE group shows
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statistically significantly higher Other gender perception for the ALL voice. The GE
and cisgender groups do not show statistically significant differences in Feminine or
Masculine gender perception for the NonBin voice. However, there is a statistically
significant difference between GE and cisgender listeners for Other gender perception
of the NonBin synthetic voice. There were no statistically significant differences
between groups for gender perception for the TF voice. Additionally, the TF voice had
higher Masculine gender perception and lower Feminine gender perception. There
were no statistically significant differences between groups for gender perception for
the TM voice. The TM voice also had very similar median gender perception rating
across the three scales, all roughly around 50 except for the other gender perception
for cisgender group which is lower than the GE group, but not statistically
significantly lower.

Three repeated-measures ANOVASs were used to analyze the effect of Voice(
e.g. which of the four synthetic voices the participants heard) and Group (GE vs cis)
on Gender perception (for Other gender perception, Feminine gender perception and
Masculine gender perception). We generated Q-Q plots of the residuals for all 3
ANOVAs and found that all residuals fell roughly along a straight, diagonal line. We
then conducted a Shapiro-Wilk normality test for each ANOVA with all p-values
greater than 0.05. Finally, we conducted the Bartlett test of homogeneity of variances
for all ANOVAs and again found all p-values to be greater than 0.05. We therefore
concluded that assumptions of normality of distribution and homogeneity of variances
were met. The assumption of independence of observations was met due to

randomized design.

58



A repeated-measures ANOVA was performed to analyze the effect of Voice
(e.g. which of the four synthetic voices the participants heard) and Group (GE vs cis)
on Other gender perception. The ANOVA revealed that there was not a statistically
significant interaction between the effects of Voice and Group (p = 0.121). Simple
main effects analysis showed that Group did have a statistically significant effect on
Other gender perception (p = 0.055). Simple main effects analysis showed that Voice
did not have a statistically significant effect on Other gender perception (p = 0.374).

A repeated-measures ANOVA was performed to analyze the effect of Voice
and Group on Feminine perception. The ANOVA revealed that there was not
statistically significant interaction between the effects of Voice and Group (p = 0.83).
Simple main effects analysis showed that Group did not have a statistically significant
effect on Feminine perception (p = 0.947). Simple main effects analysis showed that
Voice did have a statistically significant effect on Feminine perception (p < 0.001).

A repeated-measures ANOVA was performed to analyze the effect of Voice
and Group on Masculine perception. The ANOVA revealed that there was not
statistically significant interaction between the effects of Voice and Group (p =
0.797). Simple main effects analysis showed that Group did not have a statistically
significant effect on Masculine perception (p = 0.943). Simple main effects analysis
showed that Voice did have a statistically significant effect on Masculine perception

(p < 0.001).

3.3.2 Gradient gender perception of the voices
There was a significant linear regression between Other gender identity and

Other perception.
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Figure 3.3 Linear regression demonstrating the relationship between Other gender
identity of the listener (x-axis) and Other gender perception of the voices (y-axis). The
red line indicates the voice made from all GE talkers, the green line represents the
voice made from the eight nonbinary talkers, the blue line indicates the voice made
from the four transfeminine talkers, and the purple line indicates the voice made from
the four transmasculine talkers.

The figure above illustrates the relationship between Other gender identity and
Other gender perception; this relationship was positive such that as the listener had
greater Other gender identity, their perception of Other gender of the voices increased.
The random effects analysis revealed two variance components: the intercept at the
participant level (Part) demonstrated a variance of 381.5 (SD = 19.53), while the
residual variance was estimated at 465.0 (SD = 21.56). The dataset comprised 160
observations nested within 40 groups (Part). Turning to fixed effects, the model

indicated a statistically significant intercept at 36.51995 (t value = 7.629, p <
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0.001), and a significant effect for the variable Other gender identity with an estimate
of 0.23431 (t value = 2.544, p = 0.0152). The correlation of fixed effects
demonstrated a negative correlation (r = —0.676) between the intercept and Other

gender identity.

3.4 Discussion and Conclusion

The study findings revealed significant distinctions in gender perception
between cisgender listeners and listeners with gender expansive identities, particularly
for the gender expansive (ALL) and nonbinary (NB) voices. While the transmasculine
(TM) voice didn't show a statistically significant difference in gender perception
between the listener groups, this difference approached statistical significance in other
gender perceptions. Surprisingly, the transfeminine (TF) voice, contrary to initial
hypotheses, demonstrated no significant listener group differences in any gender
perception, despite having the highest masculinity ratings among the four voices. This
implies that the way transfeminine talkers encoded gender in their speech did not align
with prescriptive binary gender norms. The transmasculine voice, with more balanced
ratings across gender scales, appeared to be perceived as more ambiguous, as it did not
strongly lean towards masculinity or femininity on the 0-100 scale. However, there
were no significant differences between listener groups for Feminine or Masculine
perception of any of the four voices.

There was a statistically significant correlation between Other gender of the
listener and perceived Other gender of the synthetic voices. Additionally, cisgender
individuals exhibited a more limited use of the Other scale for their own identity,

implying that separate modeling of gradient gender perception for cis and gender
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expansive groups may be advisable. Ultimately, GE and cisgender individuals

perceived the synthetic voices differently.
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Chapter 4
CATEGORIZATION OF THE GENDER EXPANSIVE SYNTHETIC
SIBILANTS: DECOUPLING OF [S] PERCEPTION AND GENDER
Part of this paper was published in Seminars in Speech and Language
published by Thieme Group. The citation for the published paper is noted in Appendix
A.

4.1 Introduction

Much of the past research on the sociophonetics of sibilant perception has
examined men's and women's voices, without specifying the sociodemographics of the
men and women talkers (Strand & Johnson, 1996; Munson, 2011; Winn & Moore,
2020). Given the sociopolitical context in which these studies were conducted, it is
likely that these were cisgender (adult) men and women. This supposition is supported
by the fact that these articles characterized talkers using acoustic parameters that
distinguish between cisgender (adult) men and women’s voices robustly, such as
fundamental frequency (f,) and average formant frequencies. For example, both
Munson (2011) and Winn and Moore (2020) described stimuli as being in “typical”
ranges. Munson et al. (2017) and Bouavichith et al. (2019) created stimuli with an
ostensibly “neutral” f,, or “average” formant frequencies, however, these were defined
by the values of (presumably) cisgender men and women. These studies used the same
sibilant continuum across vocal tract conditions, with the goal of eliciting a
compensation effect, that is, a shift in the boundary of the s-sh continuum when

gender is suggested by a visual cue.
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Munson, Winn and Moore, and others have not considered how gender-
compensation effects might play out when the stimuli are produced by someone who
does not meet these cisgender expectations. However, Munson et al. (2006) did
investigate sibilant perception of talkers who varied in their adherence to cisgender
norms; their talkers included both heterosexual individuals and those who belonged to
the GLB (Gay Lesbian Bisexual) community, all of whom were cisgender. The
findings showed that the listeners perceived [s] more often for the stimuli that came
from women who were perceived as lesbian/bisexual than for the stimuli that came
from heterosexually-perceived women. Thus, there exists a starting point for
investigating this type of sibilant perception outside of a cisheteronormative
framework, although transgender and nonbinary talkers have yet to be explicitly
studied. The study presented here addressed this question by examining the perception
of [s]-[J] continua combined with vowels taken from synthetic voices created from
gender expansive (GE) individuals. Because GE individuals often defy binary gender
categorization and encode multiple different gender cues in speech, it is especially
worthwhile to conduct such a study using stimuli from these individuals. Doing so will
enable us to better understand how [s]-perception and gender intersect both when
talkers decouple those cues, and how listeners perceive these decouple cues given that
these cues are thought to be very coupled in the literature.

Studies such as those by Strand and Johnson (1999), Munson (2011) and Winn
and Moore (2020) also neglected to examine how listeners’ genders affect their
perception of sibilant continua thereby obscuring possible effects of listener
differences in categorization that arise from differences in how various listener groups

encode gender in speech. Individuals’ own gender is known to intersect with gender-
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associated acoustic cues in speech perception (Smith et al., 2018, Hope & Lilley,
2022), whereby people’s judgements of voice gender are influenced by their own
gender identities. These gender differences in the listener have been thought to be
motivated by the repeated adherence to rules associating certain acoustic cues with
binary cisnormative categorization (e.g. low f,s are associated continuously with
male/masculine gender) or the repeated disassociation between these acoustic cues and
binary cisnormative categorization (e.g. low f,s are associated with a wide range of
genders instead of just male/masculine genders) (Hope & Lilley, 2022).

Recent research we conducted has shown that a sibilant continuum taken from
an "average" synthetic female voice, constructed from 20 presumably cisgender
female talkers, and a sibilant continuum taken from a synthetic "nonbinary" voice,
constructed from the same 20 female talkers and 20 presumably cisgender male
talkers, elicit higher proportion [s] responses from GE listeners compared to cisgender
listeners (Hope & Lilley, 2023). Figure 4.1 is taken from that experiment and shows
the differences in sibilant categorization between the cisgender and the GE listeners.
One potential reason for the higher proportion of [s] responses found was that the
intermediate [s] sounds were already [s]-like “enough” for the GE listeners whereas
the cisgender listeners were expecting [s] productions with much higher centers of

gravity or peak frequencies and therefore categorized productions less often as [s].
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Figure 4.1 Sibilant categorization curves showing the proportion of [[] responses by
cisgender (Cis, left) and gender expansive (GE, right) listeners for three
different synthetic voices (F: a female synthetic voice, M: a male
synthetic voice, and N: a nonbinary synthetic voice).

In this experiment reflected in Figure 4.1 above, we did not use actual GE
voices in the creation of our nonbinary stimuli but relied on the integration of data
from female and male (presumably cisgender) talkers (Hope & Lilley, 2023). The
present study aimed to examine how GE and cisgender individuals categorize
synthetic sibilants across different sibilant continua and vocal tracts taken from four
different synthetic voices created from GE talker data. GE talkers defy binary
categorization; using stylistic bricolage as expounded by Zimman (2017), GE talkers
do not couple [s] production and other vocal cues in cisheteronormative patterns, and
this practice could influence perception. The four voices in this present study, which

are the same as those in Chapter 3, have formant frequencies and spectral information
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taken from four different synthetic voices (a "gender expansive" voice, a "nonbinary"
voice, a "transmasculine” voice, and a "transfeminine" voice). Because the present
study addressed differences in speech perception between gender expansive
individuals and cisgender individuals and used synthetic voices that could be used in
speech-generating devices (SGDs), background and applications of this research are
discussed in the next paragraphs in light of trans and nonbinary voice therapy, as well
as the development of more authentic GE synthetic voices than are currently available.
By integrating considerations of language and gender, we can elucidate the intricate

mechanisms that govern the process of speech perception.

4.1.1 Gender and sibilant production in English

Sibilant sound production, specifically [s] and [J] differs across genders
(Flipsen et al., 1999; Jongman, et al., 2000; Fuchs & Toda, 2010). In much of the
previous research, it was found that women tend to produce [s] with the tongue closer
to the teeth than men, resulting in higher sibilant frequencies (Flipsen et al., 1999;
Jongman, et al., 2000; Fuchs & Toda, 2010). To elucidate this point, we present two
figures below. Figure 4.2 below shows a production of the word “so” with the tongue
first closer to the teeth and then Figure 4.3 shows the tongue more retracted with
acoustic effects on the spectrogram and spectrum to highlight the relative differences
in frequencies. One concern with the previous research in this regard is that the groups
of women and men who were investigated in terms of sibilant production represented
only a small minority of women and men and often represented those in dominant
sociocultural groups, therefore generalizations about women’s and men’s speech as a

whole based on these studies should be made with caution.
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Production of the word “so” by the author with the tongue more forward
in the mouth compared to that in figure 4.3. The A figure shows the
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Figure 4.3 A production of the word “so” by the author with the tongue in a more

retracted position compared to that in 4.2. The A figure shows the
spectrogram of the fricative and vowel and the B figure shows the
spectrum of the fricative productions.
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As demonstrated in Figures 4.2 and 4.3, the placement of the tongue to the
anterior teeth in [s] production influences the sibilants’ frequencies. Both the average
of the frequencies of a segment weighted by their amplitudes, known as Center of
Gravity (COG) or spectral mean, and peak frequency demonstrate a significant
relationship with the distance between the teeth and tongue, although the correlation is
stronger for COG (Fuchs & Toda, 2010). As the distance between the teeth and tongue
increases for [s] production, the COG decreases significantly (Fuchs & Toda, 2010).
Men's COG for [s] is generally lower (around 5,632 Hz, range of 4,757-6,167) than
women's COG (around 6,412 Hz, range: 5,727-6,858 Hz) (Fuchs & Toda, 2010). It is
possible that because of these general trends, gender differences in [s]-perception
reflect gender-specific places of articulation for [s] that are likely learned. However, as
noted, one criticism with these studies is that they typically investigated
socioculturally dominant groups and didn’t represent a diverse range of talkers;
therefore, the resulting generalizations about women’s or men’s speech with respect to
[s] become shaky. It is important to continuously expand on previous research by
collecting more inclusive data and re-assess old assumptions. A study by Zimman
(2017) on trans masculine individuals found that COG varied significantly across
participants, and that those who identified more strongly as men tended to have lower
COG than those who identified as genderqueer or nonbinary. Zimman (2017) also
noted that there was substantial variation in production both within and between
subjects and that the relationship between masculinity and COG was more complex
than it initially appeared on the surface. Specifically, some queer trans men used low
fo and high COG together as “stylistic bricolage” to signal their queer masculinity
(Zimman, 2017).
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Despite the variation observed within different social groups, COG tends to
differ in systematic ways across genders, and this is especially true for those who fall
into binary cisheteronormative categories. Moreover, vowel acoustics have been found
to encode gender characteristics, and both spectral information for [s] and vowel
acoustics, such as those derived from vocal tract length, have been shown to influence
sibilant perception (Munson, 2011). However, in our previous study (Chapter 2), we
analyzed the correlations between various acoustic parameters of 16 GE talkers
including COG and peak frequency of [s] with self-reported gender on three
independent gradient scales of feminine, masculine, and other gender identity, and
three additional independent gradient scales of feminine, masculine and other gender
expression. We found that there was no statistically significant correlation between
gender (where gender was assessed by six gradient variables of identity and
expression) and COG or peak frequency of [s]. We also found no significant
differences in sibilant production between sub-groups of GE talkers; e.g., when we
looked at GE women, GE men and GE nonbinary individuals, there were no
statistically significant differences between groups for [s] COG or peak frequency.
This suggests that the associations between gender and /s/ acoustics that underlie
Strand and Johnson’s findings do not apply to GE individuals. This finding leads us to
hypothesize that gender compensation in sibilant perception might not occur for GE
listeners. This possibility is especially likely for GE listeners if they have more lived

experience perceiving GE talkers like those from Chapter 2.

4.1.2 Gender and sibilant perception in English
In a study by Munson (2011), which reconfirmed findings of Strand and

Johnson (1996), listeners categorized ambiguous sibilant stimuli paired with images of
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stereotypically male or female faces. Results showed that when listeners heard a
natural man's or woman's voice manipulated to have a shorter vocal tract, they were
more likely to categorize the sibilant as [[], particularly when paired with a woman's
face. However, when a man's or woman's voice was manipulated to have a longer
vocal tract, listeners were more likely to categorize the sibilant as [s], regardless of the
gender of the face they saw. The absence of face priming in that condition might
reflect the failure of the faces to prime gender when the vocal-tract cues were
unambiguous - a condition that only works when one has a cisheteronormative model
of gender in one’s mind. This suggests that vocal tract length influences sibilant
categorization when the spectrum of the sibilants remains ambiguous across vocal
tract conditions, but that this perceptual effect may be limited to those with
cisheteronormative voice genders.

Similarly, in a study by Winn and Moore (2020), the authors manipulated £,
and vocal tract length to investigate their effects on sibilant categorization. However,
the f, conditions used were limited to a mean f, of 104 Hz and a mean f,, of 208 Hz,
reflecting "male” and "female" conditions, respectively. Additionally, the authors
manipulated vocal tract length to reflect "masculine™ and "feminine" vocal tract
lengths, but did not use a "gender-neutral™ pitch or a vocal tract length in the middle of
the "male” and "female™ vocal tract lengths. As such, sibilant perception and
categorization may be influenced by social factors such as the perceived gender of the
talker, but there has been little investigation of sibilant perception outside of a

cisheteronormative framework.
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Additionally, sibilant perception is reliant on factors such as listener
characteristics which may help us to further understand the processes by which people

encode and perceive gender in speech.

4.1.3 Listener characteristics affect sibilant perception

The talker can influence or sway sibilant perception based on their gender;
however, listener characteristics also play a role in sibilant perception. Because
sibilants in English sociophonetically encode gender, then gender may be one listener
characteristic that affects sibilant perception. This idea also relates to social power,
which is defined as “an individual’s relative capacity to modify others’ states by
providing or withholding resources or administering punishments” (Keltner et al.,
2003). Calloway (2021) demonstrated in a sibilant identification task the influence of
auditory and visual cues on sibilant categorization and the effects of social power, e.g.
the ability to influence others and make decisions due to their position in societal
structure, on social information processing during lexical categorization. The findings
indicated that listeners tended to choose /s/ more often when provided with cues
suggesting that the talker is male (e.g. someone with higher social power).
Additionally, the study suggested that listeners in the high-power condition process
social information differently than those in the low-power condition. While both
groups showed sensitivity to auditory cues, high-power listeners were less likely to
categorize a sibilant as /s/ when a male voice was paired with a female face. These
results align with the hypothesis that individuals in high-power conditions tend to rely
on single, congruent cues for categorization, whereas individuals in low-power

conditions are more sensitive to multiple incongruent cues.
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These power dynamics may be one aspect at play in other group differences.
Other group dynamics that intersect with relative societal power differentials may
show differences in single versus multiple cue integration. For example, GE
individuals actively defy binary categorization; this binary categorization was built on
congruent gender cues, but many GE individuals do not fit into binary boxes or do not
want to uphold pre-existing gender norms. Through their lived experiences, they
challenge the relative power state. This challenging of gender norms plays out in
sibilant production and perception. Because we have not found the same trends in
sibilant production in GE participants as in cisgender studies in the past, perception of
gender expansive sibilants may be affected by their lack of conformity to gender
norms in speech. GE listeners likely decouple [s] and gender for GE talkers due to the
difference in production of [s] and lack of systematic encoding of gender for GE
individuals. So far, there has not been much investigation into differences in sibilant
perception between cisgender and gender expansive listeners. However, in our
previous study (Hope & Lilley, 2023), we created three different synthetic voices and
used them to test differences in sibilant perception in a “see”-"she” categorization
task. The voices were sourced from either (1) a “male” vocal tract, (2) a “female”
vocal tract, or (3) a “nonbinary” vocal tract (created from 20 male and 20 female
talkers, but which was categorized as nonbinary 100% of the time in work by Hope
and Lilley [2022]). The results showed that GE participants heard “see” significantly
more of the time compared to cisgender listeners, especially towards the [s] end of the
continuum for both the “female” and “nonbinary” voices. This tells us that differences

do indeed exist between GE and cisgender listeners.
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Despite the findings of Hope and Lilley (2023), there were several issues with
the experimental design. First, we used [i] as the vowel, which shifts perception
towards a [J] perception (Winn et al., 2013). Second, we used 20 male and 20 female
talkers who were all presumably cisgender for the creation of the three voices; these
voices therefore may not encode gender expansive sociophonetic cues of speech since
they were averages of (presumably) cisgender talkers. Finally, we used sibilant
continua and vocal tracts taken from the same voice and therefore did not isolate the
effects of sibilant or vocal tract. Figures 4.4, 4.5, and 4.6 below show the spectrograms

and spectra of the different stimuli used by Hope and Lilley (2023).
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Figure 4.4 Spectrogram and spectrum from the “female” vocal tract “see” token from
Hope and Lilley (2023)

Figure 4.4. above shows the spectrogram (A) of the word "see” produced by
the “female” synthetic voice described by Hope and Lilley (2023) and spectrum (B) of

the [s] from the word “see” on the left. The spectrum shows the middle 40 ms of the
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[s] production. The peak frequency shown is around 7000 Hz and in general, the

higher frequencies have higher sound pressure levels.
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Figure 4.5 Spectrogram and spectrum from the “male” vocal tract “see” token from
Hope and Lilley (2023)

Figure 4.5. above shows the spectrogram (A) of the word "see” produced by
the “male” synthetic voice described in Hope and Lilley (2023) and spectrum (B) of
the [s] from the word “see” on the left. The spectrum shows the middle 40 ms of the
[s]. The peak frequency is around 4000 Hz and the highest sound pressure levels occur

for the frequencies between 4000 and 5000 Hz.
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Figure 4.6 Spectrogram and spectrum from the “nonbinary” vocal tract “see” token
from Hope and Lilley (2023)

Figure 4.6. above shows the spectrogram (A) of the word "see” produced by
the “nonbinary” synthetic voice described in Hope and Lilley (2023) and spectrum (B)
of the [s] from the word “see” on the left. The spectrum shows the middle 40 ms of the
[s]. The peak frequency is around 5000 Hz and the highest sound pressure levels are

between 4000 and 7000 Hz.

4.1.4 Questions and Hypotheses

The broader goal of this project was to explore how cisgender and GE listeners
categorize phonemes within an /s/-/sh/ continuum when the sibilants used to create the
continuum and the associated vowels were sourced from gender expansive synthetic
voices—in short, when the stimuli were modeled after the speech of gender expansive
individuals. This project explored the perception of sibilants combined with different

types of GE voices (e.g., a voice created from all gender expansive talkers, a voice
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created from just nonbinary talkers, a voice created from just transfeminine talkers,
and a voice created from just transmasculine talkers). Our research questions were:

(1) Do cisgender individuals differ from GE listeners in their categorization of
stimuli along the /s/-/sh/ continua combined with vowels taken from GE synthetic
voices? We hypothesized there would be differences and that the GE listeners would
perceive [s] more of the time compared to cisgender listeners for all voices. This
hypothesis derives from our previous findings (Hope & Lilley, 2023), which showed
that GE listeners perceived [s] more often, especially for a “nonbinary” synthetic
voice. This hypothesis is also supported by our more recent production findings that
GE talkers did not systematically vary [s] production with gender (whether gender was
measured along gradient scales of femininity, masculinity, or other gender or whether
the GE talkers were split into sub-groups of self-reported categorical gender). The
maximum average peak frequency found among all 16 talkers was 6743 Hz and the
max average COG was 6502 Hz. These values were not as high as the values that were
reported previously in terms of encoding of gender in [s]; with relatively low COG
and peak frequency of [s], we anticipated that [s] productions with higher COGs and
peak frequencies would be heard as even more [s]-like (see Chapter 2).

(2) Are there differences in sibilant categorization between the different voices
(and further do these differences differ between GE and cisgender listeners and if so,
how)? What are the effects of the vocal tract (e.g. vowels taken from different gender
expansive synthetic voices) on sibilant categorization? We hypothesized that the
cisgender group would show a vowel effect similar to effects reported by Strand and
Johnson (1996), whereas we anticipated that there would be a different effect present

in the GE group, especially for the gender expansive and nonbinary synthetic voices.
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We made this hypothesis for the GE group, as their voices may not conform to
cisheteronormative patterns as closely as the transmasculine and transfeminine voices

do.

4.2 Methods and Materials

4.2.1 Stimuli Creation

4.2.1.1 Synthetic Voice Creation

The synthetic voices we used for this experiment are the same as in Chapter 3.
For reference, the synthesizing process is summarized again:

We used Merlin DNN (Wu et al., 2016) and Theano (Al-Rfou et al. 2016) to
train models that predict speech duration and acoustic features of speech. For
synthesis, we used the WORLD vocoder (Morise et al., 2016) to generate natural-

sounding speech based on pitch, spectral envelope, and aperiodic components.

4.2.1.2 “Sack” to “Shack” Continuum Creation

The four generated synthetic voices were made to produce the same carrier phrase
with the word “sack” or “shack™: “please say the word [word] now.” The full word
“sack” was extracted, and the [[] from “shack” was extracted, then the [s] from “sack”
was extracted, and the [s] and [[] were blended using a sibilant blending Praat script
by Matthew Winn to ensure that the amplitude was equalized across the continuum.
This script produced nine steps. Each “ack” from each voice was combined with its
own [s] to [J] continuum, and then re-combined with the other voices’ [s] to [f]
continuum. In total, this created 144 stimuli. However, because the output of the

WORLD vocoder when used in SGDs is typically sampled at 16k Hz, this caused a
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problem for the script and cut the durations of the sibilants so that they may have
sounded more affricate-like to some listeners. Therefore, we limited our analysis to
only the stimuli which included the ALL sibilant as this was 0.60 seconds in duration
and we could get a 0.40-second window to calculate the spectral means and peak
frequencies; this resulted in 36 stimuli for the final analysis. Each stimulus was
presented to each listener twice, in a random order and in different orders across
listeners. The following table (Table 4.1) shows acoustic measures of the [ae] vowel

from each of the four voices.

Table 4.1 Fundamental frequency (f,)) averages and standard deviations for each of
the sentences and passages for each synthetic voice.

VOICE fo f1 f2
ALL 111 844 1719
NB 154 759 1770
TF 131 757 1571
™ 128 777 1732

Table 4.2 contains sibilant information (intensities and COGs) from the ALL

sibilant spectrum from [s] to [J].
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Table 4.2 Sibilant spectrum measures of intensity in decibels (dB) and spectral mean
in Hertz (Hz) for the ALL sibilant spectrum from step 1, which contained
only the [s] signal to step 9 which contained none of the [s] e.g. contained

only [f]

SIBILANT INTENSITY (DB) SPECTRAL MEAN
CONTINUUM STEP (HZ)

STEP 1 (100% [S]) 50.2 7659
STEP 2 52.4 7783
STEP 3 53.7 7702
STEP 4 55.0 7456
STEP S5 56.2 7051
STEP 6 57.6 6240
STEP7 59.0 5299
STEP 8 60.4 4450
STEP 9 (0% [S]) 61.7 3814

4.2.2 Participants

Forty participants recruited via the website Prolific (www.prolific.com)

participated in an online speech perception experiment that was approved by the
University of Delaware IR. There were two rounds of recruitment; the first was set to
allow only 20 nonbinary individuals and the second was set to allow 20 cisgender and
transgender men and women according to Prolific’s identity settings. Those who
participated in the first round were excluded from participation in the second round.
For both rounds, Prolific was set up to have a pre-screen that admitted only the

participants who disclosed they were between the ages of 18 and 65years and that the
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place where they spent the most time before they turned 18years old was in the United
States. We used Prolific’s “fluent language” screener which we set to English; the
screening tool for identifying “fluent languages” enables participants to indicate the
language(s) in which they consider themselves fluent. The participants’ ages ranged
from 18 to 61years (mean = 29.7, SD = 9.6) and the self-described (open-ended)
racial breakdown was: 28 white, 2 Black, 2 Multicultural/mixed, 2 Latinx, 2 Hispanic,
2 Asian, 1 Native American, 1 Native American/mixed. Eighteen of the participants
were gender expansive (the other 22 were cisgender). Participants were compensated
$15.49/hour for completing the experiment, as set by Prolific. The experiment took a

median completion time of 30 minutes.

4.2.3 Procedures

The experiment was built and run through Gorilla. The first part of the
experiment involved completing a comprehensive demographic survey that asked
questions about the participants' age, race, and gender. Questions about gender were
evaluated using six gender scales corresponding to three scales of gender identity
(female, male, and other gender) and three scales of gender expression (feminine,
masculine, and other gender).

Participants then read a screen with instructions informing them that they
would be listening to sounds, and then answering whether they heard the word “sack”
or “shack.” Participants were instructed to be in a quiet space with minimal
background noise and a pair of headphones, and then they answered a screening
question to make sure that they could properly hear a word produced by one of these
synthetic voices. Each stimulus was presented twice. There were four blocks with 72

trials in each block for a total of 288 trials. Blocks were organized so that they
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contained only the same vocal tract (e.g. the same “ack”) within each block. Blocks
were randomized and trials in each block were randomized.

After the listening task, participants then engaged in a subjective gender
perception task with the four voices that formed the basis for the study presented in

Chapter 3.

4.2.4 Statistical analyses

Statistical analyses were conducted in R. The Ime4 package was used to
compute logistic regressions using the glm and glmer functions (Bates et al., 2015).
The ImerTest package was used to calculate likelihood ratio tests (LRTS) using the
anova function with test="“"LRT” (Kuznetsova et al., 2017). Visualizations were
created using ggplot2 (Wickham, 2016). To answer the question if GE listeners
perceived [s] more often than cisgender listeners, we aggregated all stimuli (e.g. the
four different voices) and looked at overall “sack” response for cisgender and GE
listeners. A mixed-effect logistic regression was used to test whether membership in
the gender expansive community (GE), vocal tract, step or the interactions of step and
GE with vocal tract significantly predicted “sack” response. The fitted regression
model was:

Response ~ GE + Vocal Tract + Step + Step * Vocal Tract + (4.1)

Vocal Tract * GE + (1|Participant)

where Response is a binary variable 1 vs. 0 (where 1 represents that they did hear
“sack” and 0 represents that the listener did not hear “sack™); GE is a binary variable
GE vs. Cis (encoded 1 vs. 0); Vocal Tract is a categorical variable with 4 categories
(ALL representing the voice created from all gender expansive talkers, NonBin

representing the voice created from the nonbinary talkers, TF representing the voice
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created from the transfeminine talkers, and TM representing the voice created from the
transmasculine talkers); and Step is encoded as a whole number between 1 and 9.
Vocal Tract was encoded in R as dummy variables with ALL as the reference.

As in Chapter 3, we will again adopt an alpha of 0.1 to reduce the potential for

Type Il error (Roy et al., 2004; Schumm et al., 2013).

4.3 Results
GE listeners were more likely to perceive “sack™ across the entire sibilant

spectrum. Figure 4.7 shows the sibilant categorization curves for both groups.
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Figure 4.7 Overall sibilant categorization between gender expansive and cisgender
listeners; the x-axis represents the “step” from 1 to 9 with 1 representing
100% [s] in the acoustic signal and 9 representing 0% [s] in the acoustic
signal.
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Figure 4.7 illustrates the higher “sack’ responses for the GE group compared

to the cisgender group for all stimuli combined.
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Figure 4.8 Sibilant categorization between gender expansive and cisgender listeners
for the four different vocal tracts; the x-axis represents the “step” from 1
to 9 with 1 representing 100% [s] in the acoustic signal and 9
representing 0% [s] in the acoustic signal.

Figure 4.8 shows that for stimuli from each of the four vocal tracts, GE
listeners perceived “sack” more often than cisgender listeners. Especially for the ALL
and NB vocal tracts.

For our logistic regression, we first used the LRT to compare nested models
against the full model (eq. 4.1) to assess the contribution of the two interaction terms
to model fit. The first nested model we compared was the following:

Response ~ GE + Vocal Tract + Step + Vocal Tract x GE + (4.2)

(1|Participant)
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An LRT comparing eg. 4.2 to 4.1 was not significant at p = 0.1045, implying
that the Vocal Tract * Step term did not contribute significantly to model fit. The
second nested model we compared was:

Response ~ GE + Vocal Tract + Step + Vocal Tract * Step + (4.3)

(1|Participant)

An LRT comparing eg. 4.3 to 4.1 found a significant difference between model
fits (p = 0.0286), indicating that the Vocal Tract * GE term was a significant
contributor to model fit. Given that we might expect the effect of Step to not be
affected by Vocal Tract and lack of significance in the LRT comparing eq. 4.2 to 4.1,
we decided to use eq. 4.2 as our final model and not include the Vocal Tract * Step
interaction term (while still including the Vocal Tract * GE interaction).

Table 4.3 shows the results of the logistic regression including coefficients,
standard errors, z-values and p-values. Both the intercept and the effect of group (GE)
showed significant effects on the response variable. The NB vs. ALL vocal tract
comparison was highly significant as well. The variable Step had a highly significant
impact on the response variable, with a strong negative coefficient, indicating its
importance in the model. The interaction dummy term of the GE group and the TM

vocal tract (compared to Cis group and ALL vocal tract) was also significant.
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Table 4.3 Results of the logistic regression, including coefficients, standard errors (std.
error), z-values and p-values (* indicates that the p -value was <
0.1; *** indicates that the p-value was < 0.001).

VARIABLE COEFFICIENT STD. Z-VALUE P-VALUE
ERROR
(INTERCEPT) 4.88064 0.22790 21.416 < 2e-16 ***
GEGE 1.03936 0.22812 4556 5.21e-06 ***
NB VOCAL TRACT (VT) | -0.74019 0.21531 -3.438 5.86e-04 ***
TFVT 0.04711 0.21382 0.220 0.8256
™ VT -0.27470 0.21337 -1.287 0.1979
STEP -0.97739 0.03403 -28.719 < 2e-16 ***
GE:NB VT 0.23506 0.31930 0.736  0.4616
GE:TF VT -0.43097 0.31992 -1.347 0.1779
GE:TM VT -0.67213 0.31912 -2.106 0.0352 *

4.4 Discussion & Conclusion

This study presents a novel approach to sibilant perception experiments; in
particular, it is the first of its kind to use synthetic voices created from gender
expansive individuals to assess sibilant perception. Our analysis revealed intriguing
findings regarding the influence of vocal tract cues and gender identity on speech
perception between gender expansive and cisgender listener groups. The intercept and

the group variable exhibited significant effects on the response variable, emphasizing
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the importance of gender expansive identity in speech perception. The GE group heard
significantly more [s] overall than the cisgender group. This may be due to the fact
that GE talkers do not tend to produce exceptionally high [s] (see Chapter 2) so when
they are listening to GE voices, higher spectral means (along the [s]-[/] continua) are
perceived more often as [s]-like. The main effect of the NB vocal tract (compared to
ALL) was significant, indicating higher “sack” responses for the NB voice. As
predicted, the Step variable demonstrated a substantial impact on speech perception,
highlighting the significance of the [[] sound presence in the perception of the sibilant
as [f]. Our nested model comparison did not show that the interaction between vocal
tract cues and Step significantly contributed to model fit, suggesting that the presence
of [f] sound influences perception consistently across different vocal tract
configurations.

In conclusion, this study underscores the intricate interplay between listener
gender identity, acoustic cues, and speech perception, providing valuable insights into
the perceptual dynamics of nonbinary and gender expansive voices. Further research is
warranted to explore the nuanced relationships between these factors and their

implications for communication and identity.
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Chapter 5
NONBINARY VOICE GENDER ENCODING IN SYNTHETIC VOICE

5.1 Introduction

Humans can encode multiple facets of identity in speech and have the potential
to construct various personas. Performance of gender is one of the areas in which we
may construct a persona or personas through our use of speech and language.
Construction of a persona related to gender in voice is not meant to imply that gender
is not real, but rather that the substance of gender is less innate and more something
that we do (and learn). Voice is one of the key ways that we encode gender and
express our gender identity to others. From an early age, we are socialized to associate
certain vocal features, such as pitch, with binary gender categories e.g. male or female
(Patterson & Werker, 2002). As a result, our voices may be a significant source of
dysphoria or discomfort for individuals whose gender does not align with these
traditional binary categories. Voice that doesn’t align with our identity can lead to
misgendering and stigma, which can increase feelings of shame that has mental health
repercussions (James et al., 2016; Grollman, 2017).

Synthetic voices have made significant strides in replicating human speech
patterns, yet their state-of-the-art manifestations remain largely confined to cisgender,
heterosexual male and female models (Ito et al., 2016; Zandie et al., 2021; Zen et al.,
2019). Given this landscape, the integration of gender expansive synthetic voices
represents a critical opportunity to redefine the boundaries of speech technology. By

creating synthetic voices that reflect the diversity of gender identities and expressions,
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we can help to ensure that individuals who do not identify as male or female have
access to speech technology that accurately represents their identity. This can be
particularly important for individuals who may feel marginalized or excluded by
traditional binary gender norms, and who may experience external or internal harm as
a result.

For example, nonbinary individuals may face significant challenges when
using speech-generating devices or other forms of speech technology that are designed
for binary gender categories. This can include feeling misgendered or dysphoric when
hearing their own voice, as well as experiencing discrimination or misunderstanding
from others who do not recognize their gender identity. By creating gender expansive
synthetic voices that accurately reflect the speech patterns and characteristics of
nonbinary individuals, we can help to protect against these harms and promote greater
inclusivity and representation for nonbinary individuals in speech technology.

In addition to these practical benefits, gender expansive synthetic voices can
also play an important role in promoting greater understanding and awareness of
gender diversity. By creating synthetic voices that challenge traditional binary gender
norms and highlight the diversity of gender identities and expressions, we can help to
promote a more inclusive and equitable society. This inclusivity can be particularly
important in contexts such as education, healthcare, and entertainment, where speech
technology can play a significant role in shaping individuals' experiences and
perceptions of gender. In conclusion, gender expansive synthetic voices are a crucial
tool in promoting inclusivity, representation, and understanding of gender diversity.
By accurately reflecting the speech patterns and characteristics of nonbinary

individuals, and by challenging traditional binary gender norms, gender expansive

89



synthetic voices can help to protect against external and internal harm and promote
greater inclusivity and representation for nonbinary individuals in speech technology
and beyond.

The purpose of this last study is to explore the experiences of one nonbinary
participant who used a synthetic voice created specifically for them over the course of
a week. The participant recorded their experiences in a daily online journal,
documenting how the synthetic voice impacted their communication and sense of
gender affirmation. We chose a case study for this work due to the benefits of this
particular methodology. Case studies are a research method that involves in-depth
examination of a specific individual, group, or situation. These studies are often used
in social sciences, business, and medical research. One major benefit of using a case
study approach is the ability to collect rich, detailed data. By focusing on a single case,
a wealth of information can be gathered that is not possible through other research
methods (Paparini et al., 2020) and can include observations, interviews, and
documentation of the case's history. Paparini et al. (2020) state that the case study
method is widely acknowledged for its valuable role in helping us comprehend how
context, which is dynamic and ever-changing, affects complex interventions at a
systemic level. In addition, case studies allow for the exploration of complex
phenomena that cannot be studied in a laboratory or experimental setting and provide
an opportunity to examine how individuals or groups respond to unique situations or
events. Case studies also provide a means of investigating relationships between
variables in real-world settings. However, despite the advantages that case studies
provide, they also have limitation such as a lack of ability to generalize to a broader

population. Therefore, this case study should be viewed as an example to future
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studies on these topics which should seek more participants in order to draw wider
conclusions. Through this case study, we aim to shed light on the unique experiences
of nonbinary individuals who use synthetic voices, and to identify areas for further
research and development in this field. This will also serve as a feasibility study so

that similar future studies can be conducted.

5.1.1 Synthetic voice and gender

Synthetic voices, also known as text-to-speech (TTS) systems, are computer-
generated speech that have been used in a variety of applications, such as virtual
assistants, navigation systems, and communication aids for individuals with speech
impairments. TTS systems work by converting text into speech, with a synthetic voice
used to produce the sound of the spoken words.

Previous research has explored the relationship between synthetic voices and
gender, with most synthetic voices created to sound either male or female. For
example, a study by Mullennix et al. (2003) aimed to investigate whether people
perceive computer-synthesized speech differently based on whether the voice is male
or female. Participants listened to recordings of computer-synthesized speech, with
half of the recordings using a male voice and the other half using a female voice.
Participants then rated the voices on a number of characteristics related to social
perception, including intelligence, friendliness, and attractiveness. Results showed that
participants rated the female computer-synthesized voice as more friendly, attractive,
and expressive than the male computer-synthesized voice. On the other hand, the male
voice was rated as more intelligent, more persuasive, and dominant than the female

voice. It was also found that the overall preference was for the male synthetic voices.
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While previous research has explored the relationship between synthetic voices
and gender, there is a need for more diverse and inclusive synthetic voices that can
accurately represent the diverse gender identities of individuals who use them. In
particular, there is a growing recognition of the need for synthetic voices that can
accurately represent nonbinary gender identities, which are not exclusively male or
female (Danielescu et al., 2023; Hope & Lilley, 2023; Netzorg et al., 2024).

In recent years, notable advancements have been witnessed in the realm of
synthetic voice generation, whereby computer-based technologies have increasingly
demonstrated the capacity to emulate the vocal characteristics of human beings. Such
artificially constructed voices find application across a multitude of domains, with a
particular emphasis on speech-generating devices. These devices play a pivotal role in
facilitating communication for individuals who are unable to engage in natural speech,
whether this inability is permanent or temporary in nature. Empirical investigations in
this area have unveiled that synthetic voices encode in-group and out-group
memberships in terms of gender (Hope & Lilley, 2020; Hope & Lilley, 2022; Hope &
Lilley, 2023). Thus, scholarly inquiries underscore the future potentialities of the
empowering aspect of computer-generated voices for individuals who identify as
nonbinary, affording them a heightened sense of autonomy and control in their
conversational exchanges. If researchers take a community-informed approach to
designing nonbinary synthetic voices, better user outcomes are hypothesized.

It is evident that the utilization of synthetic voices that transcend the binary
constructs of gender holds promise in enabling nonbinary individuals to express their
gender identity effectively. This, in turn, may foster greater visibility and recognition

of nonbinary identities within the broader societal framework.

92



5.1.2 Nonbinary identity and synthetic voice

Gender manifests in language through lexical choices, grammar, and vocal
characteristics. Langman and Shi (2020) have illustrated that pronouns and the
semantic content used to encode gender can be perceived variably, reflecting social
relationships to the speaker. Additionally, gender cues differ across languages and
cultures. This variability extends to phonetic features, as extensive research has shown
that gender is a social construct influencing both the production and perception of
these features (Zimman, 2017; Leung et al., 2018; Schmid & Bradley, 2019; Hope &
Lilley, 2022).

The adoption of gender-inclusive language transcends mere politeness or
political correctness; it carries profound implications for nonbinary individuals.
Recent studies indicate that the persistent use of gendered language reinforces implicit
biases and perpetuates stereotypical views of those who deviate from binary gender
norms (Zimman, 2021). Moreover, language significantly shapes how nonbinary
people perceive themselves and are perceived by others (Farrow, 2019). Nonbinary
individuals, whose gender identities do not conform to traditional male or female
categories, exist on a spectrum of gender identities. This demographic is frequently
underrepresented in scholarly literature, resulting in a substantial gap in the discourse
on their language use (Rechsteiner & Sneller, 2023). Preliminary research conducted
has found that nonbinary talkers utilize features of speech that are traditionally likened
to the speech of men and women, alongside features that are unique to nonbinary
people (e.g. Schmid & Bradley, 2019; Hope et al., 2023). For instance, nonbinary
people have been found to have an average fundamental frequency in the middle of
the average fundamental frequencies for men and women (Schmid & Bradley, 2019),

and do not show a correlation between acoustic detail in the production of sibilant
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fricatives and gradient, multidimensional gender identity, unlike cisheterosexual men
and women (Hope et al., 2023). However, these studies have been preliminary in
nature, and larger, more comprehensive studies will be needed to have a fuller picture
of nonbinary cues in speech production.

In general, scholars have observed a prevailing dearth of support within their
respective communities for nonbinary individuals, who frequently grapple with the
neglect of their identities. Research that includes transgender and nonbinary
perspectives challenges the idea that sex and gender will always align in conventional
ways, that one's gender identity can be determined solely by appearance, that sex and
gender are strictly binary concepts, and that individuals within the same gender
category will conform to norms for that category to the same degree (Zimman, 2021).
Omitting nonbinary talkers from sociolinguistic investigation further marginalizes this
community and the extant body of research provides compelling evidence that
nonbinary individuals contend with societal pressures, compelling them to adhere to
the confines of the traditional binary gender framework because their identities are
frequently invalidated and neglected. Furthermore, empirical inquiry underscores the
various forms of discrimination endured by nonbinary individuals on account of their
gender expansive identities, experiences which often yield feelings of exclusion,
marginalization, and invisibility within the societal fabric (James et al., 2016,
Grollman, 2017).

It is noteworthy that nonbinary gender identities have made notable strides in
achieving increased visibility and recognition, particularly within LGBTQ+
communities. Nonbinary individuals embrace a multifaceted spectrum of identities,

encompassing genderqueer, agender, genderfluid, and a plethora of nonbinary
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expressions. For many within this group, the presence of gender dysphoria, desire for
gender euphoria, or the disquietude with their assigned gender underscores the quest
for authentic gender expression. Conversely, the design of synthetic voices has,
hitherto, predominantly adhered to a binary gender paradigm, with a pronounced
orientation toward voices that align with either a male or female presentation, and
specifically a certain type of male or female presentation e.g. often white,
cisheterosexual. Current attempts at creating "gender-ambiguous™ or "gender neutral
synthetic voices have relied on largely cisheterosexual, male and female speech
corpora (Hope & Lilley, 2022; Székely et al., 2023). An emerging consensus
underscores the need for the development of synthetic voices that are more diverse and
inclusive, proficiently mirroring the multifarious gender identities and expressions

characteristic of the individuals who rely on them for communication.

5.1.3 Questions and hypotheses

Our question was broad, exploratory and descriptive: How do synthetic voices
created from gender expansive talkers, which are identified by a nonbinary SGD user
as gender-affirming, affirm that nonbinary SGD-user’s gender? From this core
question we have several other questions such as: how does the experience of this
voice compare to their experience with previous, pre-set voices on their SGD? Were
there differences in how affirmed they felt in different scenarios or settings?

We hypothesized that this voice would improve the participant’s gender
affirmation compared to previous preset voices on SGDs and that they would find
their gender more affirmed in situations where they were speaking with in-group

members, e.g., members of the gender expansive community, especially for those who
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were also nonbinary, compared to situations where they were speaking to out-group

members, e.g. individuals who are not part of the gender expansive community.

5.2 Methods and Materials

5.2.1 Recruitment

An initial survey was conducted in an online social media group that
encouraged people to ask questions to users of Augmentative and Alternative
Communication (AAC). This poll allowed the creation of a specialized list of
nonbinary SGD users. From here, an IRB approved study was conducted, recruiting,
via email, one participant from the aforementioned pool of nonbinary SGD users. The
participant had to be a full time AAC user and have an SGD that was compatible with
the ModelTalker (Bunnell et al., 2017) synthetic voices. This participant signed an
electronic consent to participate. They were compensated $350 in an electronic gift

card for their participation. The participant will be referred to as TT.

5.2.2 Synthetic voice construction

Because we wanted these synthetic voices to be affirming to the user in
question, we sent an initial poll to TT asking some initial questions about what they
wanted to get out of the voice, what their gender was on six gradient scales (0-100) for
Male, Female and Other gender identity and Masculine, Feminine, and Other gender
expression, and their categorical and open-ended gender descriptions.

Because TT is nonbinary and wanted a mix of feminine and masculine coded
articulation traits, we decided to audition the synthetic voices that were created from
all 16 gender expansive participants previously described (All) and the one created

from the subset of 8 nonbinary participants (Nonbinary). Then, we created six new
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voices by mixing and matching the acoustic and prosody models created from the
Transmasculine and Transfeminine voices with the models from the nonbinary voice.
We chose to keep the Nonbinary voice as a part of these next six voices due to the

participant’s categorical gender identity as nonbinary (Table 5.1).

5.2.3 Voice audition

The participant heard each voice a total of three times, which were equal to
three different Harvard Sentences. All stimuli were all randomized. They were asked
to rate the voice on a scale of 0 to 100 for the question, “How gender-affirming does
this voice sound to you?” Ratings were averaged to give the average affirmation rating
per voice. We then took the top three voices and created installers for the participant to
use to download onto their SGD. Information about the voices and their ratings is

found in Table 5.1, with voices listed in order of highest to lowest ranking.

Table 5.1 Results of the demographic questionnaire.

QUESTION ANSWER
CATEGORICAL GENDER Nonbinary
OPEN-ENDED GENDER The act of queering my

neurodivergences (i.e. my gender itself

is best described as a verb)

GRADIENT MALE GENDER 0
IDENTITY
GRADIENT FEMALE GENDER 0
IDENTITY
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GRADIENT OTHER GENDER
IDENTITY

GRADIENT MASCULINE GENDER
EXPRESSION

GRADIENT FEMININE GENDER
EXPRESSION

GRADIENT OTHER GENDER
EXPRESSION

WHAT TYPES OF VOICE
QUALITIES DO YOU WANT IN A
NONBINARY SYNTHETIC VOICE?
DESCRIBE YOUR IDEAL
SYNTHETIC VOICE.

100

60

50

100

Pitch around "androgynous" range;

overall mixed features for what would

code feminine or masculine - in

particular low breathiness, and mixed

articulation.

This Table includes information provided by the nonbinary SGD-user about

their gender and voice preferences. The user identifies categorically as nonbinary and

has high other gender identity and expression while their male and female identities

are 0 and their masculine and gender expression are roughly in the middle of the 0-100

scale. They preferred a voice that has feminine and masculine features and emphasized

an “androgynous” pitch.

The table below shows the SGD-user’s average affirmation score for each

voice and its corresponding prosody and acoustic models.
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Table 5.2 Results from the auditioning process showing the voice, its prosody model,
its acoustic model, and the average affirmation score.

VOICE PROSODY ACOUSTIC AVERAGE
MODEL MODEL SCORE
VOICE1 Nonbinary Transmasculine 80
VOICE2 All Nonbinary 62
VOICE3 Nonbinary All 61
VOICE4 Transfeminine Nonbinary 55
VOICES All All 52
VOICEG6 Nonbinary Nonbinary 50
VOICE7 Transmasculine Nonbinary 50
VOICES Nonbinary Transfeminine 45

The top three voices were Voicel, which had the nonbinary prosody model and the
transmasculine acoustic model; Voice2, which had the “all” prosody model and the
nonbinary acoustic model; and Voice3, which had the nonbinary prosody model and
the “all” acoustic model. Notably for this participant, the voices that had the
transfeminine prosody or acoustic models were not among the top 3 voices in terms of

average affirmation score.

5.2.4 Acoustic profiles of the top three voices

From the top three voices chosen, we analyzed the Grandfather Passage
(Darley et al., 1975) produced by each of them for their vowel space dispersion
(VSD), aVTL, and f, mean, min, max, and range. VSD was calculated as the average

Euclidean distance of the vowels to the center of the vowel space. Vowels used to
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calculate VSD and aVTL were [i], [u], and [a]. There was a total of six [a], seven [u],
and 21 [i] used. Text to acoustic alignment was done manually in PRAAT (Boersma &

Weenink, 2021) by two independent researchers.

Table 5.3 Acoustic characteristics of VVoicel, VVoice2 and Voice3.

Voice VSD  aVTL f,_Mean f,_Min fo,_Max f,_Range Syllables/s

1 453 1511 158.8 137.2 179.4 42.2 3.20
2 496 145 147 129.6 166.8 37.1 3.21
3 433 1477 158.8 138 179.1 41.1 3.19

5.2.5 Daily journal entries

Google Forms was used for the daily journal entries. The form included a date
entry as the first question. The form then asked which voices (Voicel, Voice2, and/or
Voice3) were used that day, in what settings those voices were used (at work, school,
home, social, errands/chores, other) and with whom they spoke with those voices
(friends, family, clients/customers, colleagues/coworkers, acquaintances/strangers,

other). The form then asked an open-ended question with follow-up questions:

e Describe one situation you used the voice in and what your communication
partners were like. What voice(s) did you use in this setting?

This question was followed by these questions:

¢ In the situation described above, were/are you "out" to the communication
partner(s) as nonbinary? (Yes/No/Other),

e During the situation described above, how well do you feel the voice affirmed
your gender? (1-10, 1 = not at all, 10 = extremely well),
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e During the situation described above, how strongly do you feel your
communication partner(s) perceived your gender in an affirming way? (1-10, 1
= not at all, 10 = completely)

e Compared to a preset voice you've used on your SGD before, how much did
this voice improve your authenticity in voice gender expression? (1-10, 1 = not
at all, 10 = completely)

Finally, the entry ended with two open-ended questions. The first was a

response area for anything the participant wanted to talk about:

e Anything you want to talk about with the voice(s)? This is an open-ended area
for you to write about your experiences.

The final question on the survey was used to compare external treatment based

on the voices:

e How do you feel those you are interacting with perceive you based on how they
are treating you using this voice versus previous voices you have used in the
past?

5.2.6 Post-trial Questionnaire

TT completed the week-long journaling plus an additional day, cumulating in a
total of eight entries. We then sent a follow-up survey the day after the trial to assess
how they perceived the voices in terms of Masculine, Feminine and Other gender
perception. We decided to do this post-trial because this gave them more time with the
voices to feel out the gender of the voices.

The following table shows TT’s Feminine, Masculine, and Other gender

perception of the three voices.

Table 5.4 TT’s Feminine, Masculine, and Other gender perception of Voicel, Voice2
and Voice3.

VOICE MASCULINE FEMININE OTHER
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VOICE1 15 15 85
VOICE2 5 30 50
VOICE3 3) 10 80

Voicel and Voice3 have a higher degree of Other gender perception for the
participant compared to VVoice2 while Voice2 has a higher degree of Feminine gender

perception compared to the other two voices.

5.2.7 Analyses

To analyze the open-ended responses from the journal entries, we utilized the
software Atlas.ti (ATLAS.ti, 2019) to generate initial codes, using an inductive
thematic approach (Saldana, 2009; Jason & Glenwick, 2016). Then, from the 50 initial
auto-generated codes, the author and an undergraduate research assistant reviewed the
codes and condensed them into 15 total codes, or subthemes, within four major themes
that reflected the aims of this study. The author and the undergraduate researcher then
labeled the journal entry content using these new codes independently and afterwards,
cross-checked for any discrepancies in labeling. Initial agreement was 86% in coding

the entries. To analyze the quantitative data, we used Excel to calculate means.

5.3 Results

5.3.1 Overview of journal entries

Provided here is a chronological look at the open-ended journal entries.
Summarized are the voice(s) the participant primarily used over the course of that day,
who their conversations partners were, and what the main content of the conversation

was about.
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Day 1 - 02/18/2023

Voice(s): Voicel
Situation of conversation: recorded videos/ and share in AAC group
Who they are talking to: other AAC users

Content of the conversation: discussing wanting these options
available + other users discussing wanted them for themselves, multiple
of them said “MUCH GENDER” and similar in a good way

Day 2 - 02/19/2023

Voice(s): Voice2 / Voice3
Situation of Conversation: casual conversation at home
Who were they talking to: Partner

Content of Conversation: TT felt that the voices made them feel less
human and difficult to understand. TT didn’t mention how their partner
felt about the conversation, since it was a casual conversation and not a
big social interaction. Overall, TT said that they just need more time
with the voices in order to get used to them. TT started out with Voice2
for experimentation but then switched to Voice3 for this conversation

Day 3 - 02/20/2023

Voice(s): Voice3
Situation of Conversation: Zoom Call with a support group

Who were they talking to: Acquaintances and strangers in the support
group (some of them are transgender), their partner.

Content of Conversation: TT had interacted with this group a couple
of times. They are the only AAC user and had a hard time feeling
included in the conversations. Their gender did feel affirmed though
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and they stated how they prefer VVoice3 over the others. They did find
the conversation difficult however, since the voice wasn’t identical to a
natural human voice and wished that the voice had more character to
make conversation easier.

Day 4 - 02/22/2023

Voice(s): Voicel / Voice2
Situation of Conversation: Weekly voice call with online friends
Who were they talking to: Friends, family, and partner

Content of Conversation: TT felt affirmed and included in the
conversation, using Voicel. They successfully felt neither male nor
female and that they will use the voices (mainly Voicel) when they
want to make a point about their gender, because that voice had the
most positive responses. TT experimented with VVoice2 but decided to
use Voicel for this conversation as it affirmed their gender more than
Voice2.

Day 5 02/23/2023

Voice(s): Voicel
Situation of Conversation: Casual conversation at home
Who were they talking to: Partner

Content of Conversation: The conversation was difficult for TT
because their partner was having a hard time understanding the voice
and was getting frustrated with it. It was only when they were both
sitting down that it got easier. TT stated how they felt limited using the
voice because they felt like they couldn’t move around with it. TT did
feel affirmed however, stating that the voice is successfully neither
male nor female, but being understood in public is a concern.

Day 6 02/24/2023

Voice(s): Voicel
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Situation of Conversation: Checking in to go pick up a CSA
Who were they talking to: Acquaintances, strangers

Content of Conversation: Some of the people TT talked to knew they
were nonbinary. The people were confused, which TT said was good
because it affirms that their voice is neither male nor female. TT did
feel that it was dehumanizing when people they talk to don’t know how
to interact with them because of their presentation.

Day 7 02/26/23

Voice(s): Voice3
Situation of Conversation: Testing AAC methods and access for fun
Who were they talking to: Partner

Content of Conversation: TT felt like they were “fighting” with the
voice and that it didn't affirm their gender (nonbinary). The voice gave
them dysphoria because of the limitations they felt as a consequence of
the limitations of the technology.

Day 8 02/27/23

Voice(s): Voice3
Situation of Conversation: Zoom call with only AAC users
Who were they talking to: Friends, acquaintances

Content of Conversation: TT felt a little more pressure than everyone
else in the conversations because they were much slower using the
voice. As a result, they felt some exclusion. The voice said their name
correctly, which they said is very important when having conversations,
because most generative voices have trouble with names.
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5.3.2 Survey results

For the question of how much the voices affirmed the TT’s gender (on a scale
of 1 to 10), the average across all situations was a score of 6.13. The situation with the
lowest score for how affirming the voice was occurred on Day 7 when TT was talking
with their queerplatonic partner who was also an AAC user and was using Voice3.
The situation which evoked the highest score was on Day 4, when TT was on a voice
call with friends and was using Voicel. This situation also scored the highest for how
strongly they were perceived in an affirming way by their communication partners (on
a scale of 0-10, this scored a 10). The average for that question was 8.38. For the
question of how much did the voice improve their authenticity in voice gender
expression, the average score (from 0-10) was 5.5. The highest scoring days were Day
3, 4, 5 and 6 with a score of 7 and the lowest score was from Day 7. Daily responses

are shown in Figure 5.1.

B During the situation described above, how well do you feel the voice affirmed your gender?
B During the situation described above, how strongly do you feel your communication partner(s) perceived your gender in an affirming way?
Compared to a preset voice you've used on your SGD before, how much did this voice improve your authenticity in voice gender expression?

T
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Figure 5.1 Responses from each of the days the voices were used for the 3 quantitative
questions. The bottom voice label represents the voice that was primarily
used that day.

Voice2 was only documented for one situation; although TT reported having
tried it out on their own, they were not satisfied with this voice so we will not report
on further quantitative aspects of it due to a lack of quantitative data.

Averaging by voice, Voicel had an average score of 6.75 across four days for
the question of how much it affirmed TT’s gender, an average score of 8.5 for how
strongly TT felt their communications partners perceived their voice in an affirming
way, and an average score of 6.5 for how much this voice improved TT’s authenticity
in voice gender expression compared to previous preset voices on SGDs. Voice3 had
an average score of 5.3 across three days for the question of how much it affirmed
TT’s gender, an average score of 8.67 or how strongly TT felt their communications
partners perceived their voice in an affirming way, and an average score of 4.6 for
how much this voice improved TT’s authenticity in voice gender expression compared

to previous preset voices on SGDs.

5.3.3 Qualitative Data Results

The total number of instances across subthemes was 79. Numbers for the
various themes discovered were: feelings and sentiments (n=19), acoustic cues (n=19),
actions and social interactions (n=23), and technology (n=18). Each theme, subtheme,
and supporting segments from participants’ interviews are discussed below. Table 5.5
displays the themes and subthemes as constructed via ATLAS.ti after they were
independently processed by two different researchers, the author and their research

assistant, and then reconciled together.
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Table 5.5 Overall themes and subthemes of the codes used and the total instances of
each subtheme (n) used in all journal entries.

THEME SUBTHEME INSTANCES (N)
FEELINGS/SENTIMENTS | Gender Affirmation (+/-) 12
Frustration 1
Excitement 2
Uncertainty/Insecurity 4
Preference /
ACOUSTIC CUES Speed 5
Pitch 2
Prosody 10
Voice Quality 2
SOCIAL INTERACTIONS | Gender Identity (Perceived) 10

Community 5

External Emotions (Perceived) 1

TECHNOLOGY

Artificiality 7
Language/Communication 4
Barrier

Inclusion 7

Table 5.5 shows that the themes of Gender Affirmation, Prosody, and Gender

Identity (Perceived) have the highest number of instances of mention in the analyzed

journal entries whereas the journal entries touched less on TT’s other emotions (such

as Frustration or Excitement), pitch and voice quality, and how other people felt

during their interactions (External Emotions (Perceived))
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Table 5.6 shows the total instances (n) and the percentage of each voice that

accounted for the codes.

Table 5.6 Percentage of instances of each code attributed to Voicel, Voice2, and

Voice3.

THEME SUBCATEGORY N % % %
VOICE1 VOICE2 VOICE3

FEELINGS / Gender Affirmation 12 75 16.67 8.33
SENTIMENTS (+/-)
FEELINGS/ Frustration 1 100 0 0
SENTIMENTS
FEELINGS / Excitement 2 100 0 0
SENTIMENTS
FEELINGS/ Uncertainty / 4 75 0 25
SENTIMENTS Insecurity
FEELINGS / Preference 7 5714 14.29 28.57
SENTIMENTS
ACOUSTIC CUES | Speed 5 80 0 20
ACOUSTIC CUES | Pitch 2 50 0 50
ACOUSTIC CUES | Prosody 10 60 10 30
ACOUSTIC CUES | Voice Quality 2 50 0 50
SOCIAL Gender Identity 10 70 10 20
INTERACTIONS (Perceived)
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SOCIAL
INTERACTIONS
SOCIAL
INTERACTIONS
TECHNOLOGY
TECHNOLOGY

TECHNOLOGY

Community

External Emotions
(Perceived)
Anrtificiality
Language /
Communication

Inclusion

40 0
100 0
40 40
50 25
4286 0

60

20
25

57.14

As demonstrated in the table above, Voicel shows the majority of codes

because it was the voice which TT used the most and recorded their experiences about.

Voice2 had the least percentage of codes because it was used the least by TT.

Finally, there was a subanalysis into the Gender Affirmation codes because

these were associated with both positive and negative sentiments (which are shown in

Table 5.7).

Table 5.7 The subtheme “gender affirmation” broken down into its positive and
negative instances with percent of those instances attributed to each

voice.
SUBCATEGORY INSTANCES % VOICE1l % VOICE2 % VOICE3
GENDER 100 0 0
AFFIRMATION

(+)
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GENDER 4 25 25 50
AFFIRMATION

()

Based on the information in Table 5.7, Voicel accounted for all journal entries
coded as positive gender affirmation while the negative instances of gender
affirmation were overall much less and divided more evenly amongst the three voices.

In the following subsections, we will illuminate a few key quotes from each of

the major themes.

5.3.3.1 Feelings and sentiments

An overwhelming majority of the feelings/sentiments codes pertained to
Voicel. TT recognizes a sense of positive gender affirmation with this voice as shown
in the following quote:

“I would happily use a voice similar to [Voicel] gender-wise. It
feels like people aren't wrong it isn't making me male it isn't making
me female it is just, neither; not correct in terms of what my gender

*is* but not *wrong* like voices are generally.”

This was coded under the subtheme “gender affirmation” and was one of the
eight positive instances of gender affirmation.

However, Voicel also caused frustration; this was due to the difficulty others
had in understanding the voice.

“I've found there's a lot more of the frustration like mentioned above
but once you get past that it's really helpful to have the auditory
reminder that no I'm not male or female.”

This was coded as the subtheme “frustration”.
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5.3.3.2 Acoustic cues
TT was very attuned to different acoustic cues in the voice. They found that the
average pitch of these voices was a good fit. This is highlighted in the quote below:

“Doing a pitch analysis on some phrases I keep saved, [Voicel]
came out as the average of 166Hz (minimum average 156Hz
maximum average 174Hz). This pitch works really well for me.”

This was coded under the subtheme “pitch”.

One of the primary reasons TT did not continue to use VVoice2 was highlighted
by the monotony of the voice and the overall voice quality as highlighted in the
following quote:

“My immediate instinct to voice 2 was it reminded me of the charlie
brown teacher of it just felt like it was droning on and like | got lost
init.”

This was coded as the subtheme “prosody”.

5.3.3.3 Social Interactions

TT recognized how others were viewing them in terms of gender. In the
following quote, they highlight that VVoicel made them perceived as not male or
female, but that this was also informed by the fact that their communication partners in
this instance were nonbinary themselves, suggesting in-group sociophonetic cues
using this voice:

“I feel like they saw me similarly in terms of not being male or
female, which is what the things these voices are doing most, but
that was because of them being both nonbinary themselves.”

This was coded as “Gender identity (perceived)” as well as “Community”

because it related to the nonbinary community in this case.
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TT felt that Voice3 was better than Voicel in some ways, especially in the
beginning of the week. However, they noticed some difficulty with others adapting to
this voice that made it harder for others to affirm their gender.

“Voice 3 felt like it might feel even better than voice 1 but like
without any adjustment it was harder without people actively being
affirming (because of only interacting with someone who has a hard

time adjusting to voices.)”

This was coded under “gender identity (perceived)”.

5.3.3.4 Technology

The primary challenges with the voices stemmed from the technological
aspects of the voices and how the voices sounded “artificial.” These technology
related problems often created language and communication barriers. These
challenges are especially highlighted in the following quotes:

“It really confirmed to me that the things I don't like [about Voicel]
are in the ease of understanding and how people treat your area as
he was getting repeatedly frustrated about not being able to
understand what | was saying with even the slightest bit of
background noise. That's always a challenge with all AAC voices
but it's been harder with these.”

This was coded as both the technology subtheme “language barriers” and as
“emotions (perceived)” in the social interactions theme.

“Overall I've been liking voice 3 best as I expected from my quick
trying of each but that is making it more disappointing how it's
feeling like it's not a person's voice. Not meaning not identical to
any particular voice just it feels like something is missing to give it
character.”

This was coded as the subtheme “artificiality”.
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5.4 Discussion

This study represented a feasibility study for future researchers to investigate
nonbinary synthetic voice creation and use. In particular, the study developed a
community-informed and directed approach to: (1) developing nonbinary synthetic
voices for a nonbinary SGD-user and (2) assessing gender-affirmation in voice
through synthetic voice use. Our participant, TT, found that our voices affirmed their
gender more than previous, preset voices on SGDs. In the journal entries, the
individual explored their experiences using different voices on their SGD device to
express their nonbinary gender identity. They engaged in various conversations with
different people and in different settings. VVoicel seemed to be the preferred choice, as
it helped TT feel neither male nor female and garnered positive responses. However,
Voice3 was also preferred for gender affirmation but had limitations in terms of
sounding natural. TT encountered challenges in feeling included in conversations,
especially in groups where they were the only AAC user. They also expressed
concerns about being understood in public. Overall, there was a trend of seeking a
voice that affirmed their nonbinary gender identity while facing challenges related to
voice limitations and social interactions.

Voicel, which was assessed in the initial survey as having the highest gender
affirmation score by TT, was the one that had the most affirming experience based on
analysis of qualitative data. TT also felt more included by their conversation partners
using this voice. TT did not use Voice2, which had the lowest “Other” gender
perception rating by TT (see Table 5.4), nearly as much and largely cited the gender
mismatch and monotony of this voice. However, they did use VVoice3 much more
consistently and found that it outperformed Voice2. This makes sense in light of

Voice3’s higher “Other” gender rating compared to Voice2 (80 compared to 50). This
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IS interesting because Voice3 was rated as slightly lower on the initial survey as being
gender affirming; despite that, the values for VVoice2 and Voice3 were very similar on
the initial survey. The findings from Table 5.6 illustrate a multifaceted perception of
three distinct voices (Voicel, Voice2, and Voice3) across different themes. Voicel
stood out as strongly associated with gender affirmation, suggesting that it played a
crucial role in affirming the participant’s gender. Out of all mentions of gender
affirmation, Voicel was associated with all of the positive codes, and only once was
associated with a negative feeling of gender affirmation. That voice was also linked to
feelings of uncertainty and insecurity, indicating a complex emotional response.
Furthermore, these voices were linked with a degree of monotony and a lack of
adequate speed that impaired authentic prosody expression. VVoice3 was initially
linked to a sense of community, preference, and inclusion, indicating its potential to
foster social connections before VVoicel became the preferred voice. However, it is
important to note that VVoice3 was less consistently associated with other themes,
highlighting the diversity of perceptions and sentiments associated with these voices.
These findings underscore the intricate relationship between voice, identity, and
communication and suggest that individuals perceive and evaluate voices in a nuanced

manner based on various contextual factors.

5.5 Conclusions

Prior to this work, there has been little to no research, as far as we are aware,
on the construction of synthetic voices specifically designed for nonbinary users using
gender expansive talkers as the basis for synthetic voice creation. Synthetic voices
created from gender expansive individuals are better than preset SGD voices coded

explicitly or implicitly as male or female. In this study, we showed both quantitative
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and qualitative data in the form of a feasibility study that paves the road for future
studies to be conducted on how gender is encoded in nonbinary speech-generating
device users. Future studies may want to consider using updated vocoders and making

a concentrated effort towards preserving emotional cadence in voice.
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Chapter 6
CONCLUSION

This dissertation has explored the production of gender expansive speech, the
development of and perception of gender expansive synthetic voices, and the use of
gender expansive synthetic voices by a nonbinary, speech-generating device user. It is
the first series of studies, to our knowledge, aimed at using community-informed and -
directed approaches to synthetic voice creation in the gender expansive community.

In the first study (Chapter 2), 16 gender expansive talkers participated in
recording 400 English utterances, with the subsequent analysis revealing significant
correlations between specific acoustic features and multidimensional gender variables.
Notably, the study uncovered a strong link between the f, formant of the vowel [0]
and gradient male identity. f, is strongly representative of front-to-backness in the oral
cavity, suggesting the use of a back tongue positioning to signal masculinity. These
findings have broad implications for sociophonetics and speech language pathology,
potentially guiding future research on vocal techniques and therapies for gender
expansive individuals.

The second study (Chapter 3) addressed the perception of gender in synthetic
voices, highlighting marked distinctions between cisgender and gender expansive
listeners, especially in the evaluation of gender expansive and nonbinary voices.
Surprisingly, the transfeminine voice, despite being perceived as highly masculine,
showed no significant differences in gender perception between the groups,

challenging conventional expectations about gender encoding in speech. Meanwhile,
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the transmasculine voice appeared to be perceived as more ambiguous, with balanced
ratings across gender scales, and no significant differences were observed in feminine
or masculine perception for the that voice. Additionally, there was a significant
correlation between the listener's gradient other gender and their rating of other gender
along a gradient in the synthetic voices. However, there was a difference in the usage
of the other gender scales between cisgender and gender expansive listener groups,
indicating the need to investigate separate models for cis and gender expansive listener
groups in the future.

In the third study (Chapter 4), the analysis explored the intricate interplay
between vocal tract cues, gender identity, and speech perception between gender
expansive and cisgender listeners using a sibilant perception task. While group
membership (GE or Cisgender) significantly influenced speech perception of [s], vocal
tract cues did not independently drive perceptual differences, except for the Nonbinary
vocal tract condition which had significantly higher [s] responses. One difficulty in
interpreting these results was that the sibilant stimuli were unusually short for typical
sibilants, making them sound almost affricate-like. Thus, the results should be taken
cautiously, and future researchers should repeat this experiment with more
representative stimuli. This research opens the door for further investigation into the
nuances of sibilant perception and their implications for communication and identity.

The fourth study (Chapter 5) focused on the development of nonbinary
synthetic voices, with a participant (TT) reporting that these voices affirmed their
gender more effectively than preset voices on speech-generating devices (SGDs).
Voicel, which had the highest rating in the voice audition, emerged as the preferred

choice, affirming TT's nonbinary identity. While VVoice3 was initially rated lower in
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gender affirmation, it was used more consistently and outperformed Voice2 in terms
of gender affirmation. The study uncovered the multifaceted perception of these
voices, with Voicel strongly associated with gender affirmation, both personal and
external, albeit sometimes perceived as slow and monotonous. Similarly, VVoice3 was
also linked to acoustic cues of monotony. This study revealed concerns about voice
monotony and speed, highlighting the need for improved technology in encoding
emotion and more naturalistic prosody in synthetic voices.

Overall, the findings from these four studies emphasize the intricate
relationship between voice, identity, and communication, demonstrating that
individuals produce and evaluate voices based on contextual factors, group
membership, and individual identity. The implications from these findings will
strongly augment the fields of sociophonetics, speech synthesis, and communication
sciences and disorders by highlighting the need for community-informed and -

developed synthetic voices, inclusive and affirming of all.
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form to request the review of any changes to approved study procedures or documents.

Informed consent is a process that must allow prospective participants sufficient opportunity to
discuss and consider whether to participate. IRB-approved and stamped consent documents must
be used when enrolling participants and a written copy shall be given to the person signing the
informed consent form.

Unanticipated problems, serious adverse events involving risk to participants, and all non-
compliance issues must be reported to this office in a timely fashion according with the UD
requirements for reportable events. All sponsor reporting requirements must also be followed.

The UD IRB REQUIRES the submission of a PROGRESS REPORT DUE ON September 20, 2022. A
continuing review/progress report form must be submitted to the UD IRB at least 45 days prior to the due
date to allow for the review of that report.

If you have any questions, please contact the UD IRB Office at (302) 831-2137 or via email at hsrb-
research@udel.edu. Please include the study title and reference number in all correspondence with this
office.

INSTITUTIONAL REVIEW BOARD
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Appendix C

SUPPLEMENTAL INFORMATION
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Figure S1: Boxplots showing the center of gravity (COG_s) and peak frequency
(Peak_s) of [s] for the three gender groups.
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Table S1. Correlation (Pearson’s r) results which differed in terms of statistical
significance with and without the first author. (* represents that the p-
value of that correlation was statistically significant at the level of p <

0.05)

VOWEL GENDER INCLUDING EXCLUDING

(FORMANT) VARIABLE

[a] (f1) Other Gender 0.54 * 0.51
Identity

[0] (f2) Female Gender  0.47 0.53*
Identity

[0] (f3) Other Gender 0.50* 0.47
Identity

[e] (f2) Other Gender 0.55* 0.51
Expression
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Table S2. Correlations per normalized formant per vowel, using the Johnson (2020)
method. Bolded values represent Pearson’s r correlations where r >

0.50
FEM MALE OTHER FEM MASC OTHER
GENIDENT GENIDENT GENIDENT GENEXP  GENEXP  GENEXP
[i] fi -017 -0.07 -0.18 0.22 -0.15 -0.31
f 054 0.43 0.36 -0.64 0.54 0.25
fz  -0.28 0.22 0.07 -0.47 0.32 -0.003
[a] fi -052 0.57 0.32 -0.41 0.57 0.14
f2 025 0.16 -0.21 -0.25 0.22 -0.15
f3  -0.02 0.13 -0.16 -0.01 0.05 0.02
[u] fi 010 0.03 -0.41 0.27 -0.10 -0.46
f> 001 -0.07 0.01 -0.03 -0.07 -0.10
fz 011 -0.18 -0.01 -0.01 -0.10 0.05
[0] fi 010 -0.13 -0.08 0.57 -0.26 -0.23
f2 080 -0.75 -0.01 0.50 -0.78 0.17
f3 -0.36 0.36 0.02 0.32 0.34 0.09
[e] fi 037 -0.46 -0.31 0.64 -0.57 -0.19
f2 034 0.27 0.33 -0.38 0.35 0.34
fz -033 0.11 0.11 -0.44 0.26 0.11
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Demographic Survey from Chapter 2
1.  What is your age? [write in]
2. What is your race? (use as many words as you'd like) [write in]
3. What is your gender (check all that apply)?
i. Man
ii. Woman
iii. Nonbinary
iv. Agender
v. Other [write in]
4.  What is your gender (open ended version)? [write in]

5. Onascale of 0-100, how much do you feel your gender identity is
female aligned? (0 being not female aligned at all and 100 being
completely female aligned)

6.  Onascale of 0-100, how much do you feel your gender identity is male
aligned? (0 being not male aligned at all and 100 being completely
male aligned)

7. Onascale of 0-100, how much do you feel your gender identity is
aligned with something outside of "female™ or "male"? (0 being not
"other" aligned at all and 100 being completely "other™ aligned)

8.  Onascale of 0-100, how much do you feel your gender expression is
feminine? (0 being not feminine at all and 100 being completely
feminine)

9.  Onascale of 0-100, how much do you feel your gender expression is
masculine? (0 being not masculine at all and 100 being completely
masculine)

10.  Onascale of 0-100, how much do you feel your gender expression is
something other than "feminine” or "masculine™? (0 being not
"something other" at all and 100 being completely "something other")
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11.  What comes to mind when you think about speech and gender? What
other parts of your identity intersect with your speech (if any)? (write
as little or as much as you'd like) [write in]
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