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Speech beyond the binary: Some acoustic-phonetic
and auditory-perceptual characteristics

of non-binary speakers

Brandon Merritta)

Department of Rehabilitation Sciences, The University of Texas at El Paso, El Paso, Texas 79902, USA

bmmerritt@utep.edu

Abstract: Speech acoustics research typically assumes speakers are men or women with speech characteristics associated with
these two gender categories. Less work has assessed acoustic-phonetic characteristics of non-binary speakers. This study
examined acoustic-phonetic features across adult cisgender (15 men and 15 women) and subgroups of transgender (15 non-
binary, 7 transgender men, and 7 transgender women) speakers and relations among these features and perceptual ratings of
gender identity and masculinity/femininity. Differing acoustic-phonetic features were predictive of confidence in speaker gen-
der and masculinity/femininity across cisgender and transgender speakers. Non-binary speakers were perceptually rated
within an intermediate range of cisgender women and all other groups. VC 2023 Author(s). All article content, except where otherwise
noted, is licensed under a Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

[Editor: Douglas D. O’Shaughnessy] https://doi.org/10.1121/10.0017642
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1. Introduction

Per the American Psychological Association, individuals may be broadly considered as cisgender (i.e., a person whose gender
identity and gender expression align with sex assigned at birth) or transgender (i.e., the full range of people whose gender
identity and/or gender role do not conform to what is typically associated with their assigned sex at birth).1 Transgender is
an umbrella term that is inclusive of individuals who align with a binary gender categorization (e.g., transgender men and
transgender women) and individuals whose gender identity is not positioned within a binary gender framework (e.g., non-
binary). Studies on the psychosocial experiences of non-binary individuals indicate that they constitute a distinct identity
apart from binary cisgender and transgender men and women.2–4 For example, non-binary individuals are more likely than
cisgender and transgender men and women to reject the belief that gender dictates individual personality and behaviors.3,4

Non-binary individuals also tend to place less importance on “passing” as a particular gender.2 They may therefore be less
likely to modify their speech characteristics to align with those of cisgender men and women.

Emerging research indeed suggests that non-binary speakers may selectively adopt speech characteristics that are
distinct from those of cisgender and transgender men and women and that communicate their non-binary identity to lis-
teners.5–8 For example, in a study of transmasculine and non-binary participants, speakers who identified as “straight
men” had the lowest /s/ center of gravity across all speakers, while speakers who used labels such as “boy” or
“genderqueer” had the highest.8 Some non-binary speakers have also been found to combine a relatively low fundamental
frequency (fo) (a masculinizing perceptual feature) with increased use of high-rising terminals (a feminizing perceptual fea-
ture).6 These findings suggest that a constellation of idiosyncratic (e.g., personal sense of gender identity and sexuality)
and systemic (e.g., social experiences) factors may collectively inform non-binary speakers’ linguistic style, where individual
acoustic-phonetic features are combined to construct and convey particular social meaning.9 Importantly, many of these
features (and their stylistic variations) occur as sociocultural phenomena rather than merely as products of anatomical var-
iation.8,9 For instance, individuals may modulate fo and formant frequencies along a range of their physiologic capabilities
to express a variety of communication styles.9 Features such as vowel space area (VSA) and /s/ spectral characteristics are
not dependent on vocal tract size, but rather articulator positioning,8,10 and may be easily manipulated to inform style.11

There are, however, relatively few studies that have examined the acoustic-phonetic characteristics of non-binary
individuals. Moreover, there exist few data on relations among these characteristics and ubiquitous perceptual measures of
speaker gender and masculinity/femininity. Understanding which features perceptually distinguish speakers of diverse gen-
der identities would help to clarify the enregisterment of gender diversity in speech communication (i.e., how specific fea-
tures are recognized by listeners as belonging to specific social groups).12 For example, the acoustic-phonetic cues that
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listeners reference to perceptually organize speakers may vary depending on the gender they perceive the speaker to be.13

These data may also provide a reference for speech therapists who work with clients seeking to align their gender expres-
sion with their gender identity.

Most acoustic-phonetic measurements of non-binary speakers have been limited to characteristics of /s/ and/or
fo.

7,8 Although /s/ and fo are stylistically and perceptually important features for communicating speaker gender,14,15 lower
formant frequencies14,15 and smaller VSA14,16 tend to be perceived as more male-like and/or masculine. No published
studies have examined how formant frequencies or VSA of non-binary speakers may systematically differ from cisgender
and transgender men and women. Additionally, some studies have suggested that vocal quality, and specifically perceived
breathiness, may be a meaningful perceptual cue to speaker gender.17,18 Recent work found that, in comparison to cisgen-
der men and women, non-binary speakers produced higher cepstral peak prominence-smoothed (CPPs) values, an acoustic
correlate of perceptual breathiness,19 while maintaining fo within an intermediate range of cisgender speakers.5 This find-
ing suggests that non-binary speakers may use vocal quality as a sociolinguistic variable to convey gender identity.
However, relations between speakers’ CPPs values and their perceived gender were not examined in that study.

Given the dearth of information on acoustic-phonetic and auditory-perceptual characteristics of non-binary
speakers, this exploratory study had three goals. The first was to examine how non-binary speakers may leverage a specific
composite of acoustic-phonetic features to construct and convey a linguistic style distinct from cisgender and transgender
men and women. The specific acoustic-phonetic measurements were chosen based on established relations with auditory-
perceptual judgments of speaker gender and included mean fo; CPPs; first (F1), second (F2), and third (F3) formant
frequencies; and VSA.20 The second goal was to compare listeners’ ratings of non-binary speakers along commonly used
continuous scales for gender identity and masculinity/femininity to those of cisgender and transgender men and women.
These specific scaling methods were selected to allow preliminary comparisons between this study and prior work.20 The
third goal was to assess how well the selected acoustic features could predict listeners’ perceptual ratings across the differ-
ing speaker groups.

2. Methods

2.1 Speakers

This research took place at the Indiana University Department of Speech, Language, and Hearing Sciences after receiving
approval from the Institutional Review Board at Indiana University. In total, 59 monolingual, native American English
speakers were recruited between the ages of 18 and 67 [mean¼ 25.9, standard deviation (SD)¼ 10.8]. No speakers
reported a history of speech, language, or hearing disorder. Speakers self-reported their gender identity using a validated
demographic instrument.21 Transgender speakers included 15 non-binary individuals, 7 transgender men, and 7 transgen-
der women. Eleven of the transgender speakers who identified as either male or non-binary reported taking exogenous tes-
tosterone therapy as part of their gender affirming care. Time on testosterone for these speakers at the time of recording
ranged from 2.5months to 4 years, and dosages, when reported, varied. Transgender speakers were age- and dialect-
matched with 15 cisgender men and 15 cisgender women. There were no significant age differences among cisgender and
transgender speaker groups as determined by one-way analysis of variance (ANOVA), F(4, 54)¼ 0.957, p¼ 0.44.
Cisgender speakers were primarily taken from the ALLSSTAR corpus (n¼ 23).22 Seven additional cisgender speakers (two
women and five men) were recruited specifically for this study as age and dialect matches to the transgender speakers. All
transgender speaker recordings and six cisgender speaker recordings were conducted in the Speech Perception Lab in the
Department of Speech, Language, and Hearing Sciences at Indiana University. One dialect match cisgender speaker was
recorded in the Department of Communicative Disorders at the University of Alabama.

Speakers completed a demographic and language background questionnaire before completing the speech record-
ings in a sound-treated booth. Those recorded at Indiana University wore a head-mounted Shure (Niles, IL) Dynamic
WH20XLR microphone positioned at approximately 5 cm mouth-to-microphone distance. Speakers were recorded using a
Marantz (Kawasaki, Japan) PDM670 digital audio recorder connected to a Mac Mini at a 44.1 kHz sampling rate and 16-
bit resolution and downsampled to 22.05 kHz. The dialect match cisgender speaker recorded at the University of Alabama
used a Steinberg audio interface and Electro Voice RE-20 dynamic cardioid mic at a 44.1 kHz sampling rate and 16-bit
resolution that was downsampled to 22.05 kHz. The remaining 23 cisgender speaker recordings from the ALLSSTAR cor-
pus were recorded at Northwestern University using a Shure SM81 Condenser microphone connected to an Intel Core 2
Duo iMac at a 22.05 kHz sampling rate and 16-bit resolution.

Speakers were recorded reading 60 sentences aloud from the Hearing In Noise Test (HINT).23 They were
instructed to use their habitual speaking rate and most comfortable vocal presentation during recording. Total time to
complete the recording protocol was between 1 and 1.5 h with breaks provided as needed. Speakers recorded specifically
for this study were paid $10 per hour for their participation.

Acoustic measures were collected for each speaker from the read utterance “They had two empty bottles” and
included mean fo and CPPs across the duration of each speaker’s utterance, F1, F2, and F3 of the four corner vowels /i, u,
ae, A/ in the words “empty,” “two,” “had,” and “bottles” and VSA. All acoustic analyses were completed using Praat.24 A
description of methods to obtain acoustic-phonetic measurements is provided in the supplementary material.25
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2.2 Listeners

Listeners were 30 cisgender, monolingual, American English speakers (13 women and 17 men), age 18–40 (mean¼ 22.9,
SD ¼5.2), who were recruited from the Indiana University campus and surrounding Bloomington community. All listeners
passed a pure-tone hearing screening at 250, 500, 1000, 2000, 4000, and 8000Hz presented at 20–25 dB. Listeners had
completed no more than two courses in communication sciences and disorders and no coursework in speech science or
voice disorders.

The rating task took place in the Speech Perception Lab in the Department of Speech, Language, and Hearing
Sciences at Indiana University. Listeners were seated at a ViewSonic (Brea, CA) 20 in. VX2033wm LCD monitor in a
sound booth and wore Sennheiser HD 280 Pro headphones. Stimuli were intensity scaled to 70 dB, and randomization,
presentation, and listener response recording were controlled through PsychoPy 2021.2.3.26 Listeners first completed
speaker sorting tasks that are not discussed further here. Then listeners rated confidence in speaker gender (with anchors
at either end for “Definitely male” or “Definitely female”) and masculinity/femininity (with anchors at either end for
“Very masculine” and “Very feminine”), among other speech dimensions, using nine-point equal appearing interval scales.
They were presented with each speaker’s utterance one at a time. The order of rating scales and anchor labels was quasi-
randomized. Listeners could click onscreen to replay each utterance as often as they liked while completing the ratings.
Listeners first completed practice ratings of three speakers, one from each group of cisgender men, cisgender women, and
transgender individuals, reading a different HINT sentence from that used in the experiment. Time to complete the proto-
col was approximately 2.5 h with breaks provided as needed. Listeners were paid $10 per hour for their participation.

3. Results

3.1 Speaker acoustic-phonetic measures

Summaries of acoustic-phonetic measures across speaker groups and statistical model outputs are provided in the supple-
mentary material.25 The six acoustic measures are plotted in Fig. 1.

To examine group differences for each measure, speaker group (cisgender man, cisgender woman, transgender
man, transgender non-binary, and transgender woman) was fit to a linear model using the lm() function of the stats pack-
age in R.27 The predictor variable was treatment-coded with cisgender man as the reference level. The overall effect of
speaker group was evaluated by comparing the speaker group model to an intercept only model using the anova() func-
tion.28 Inclusion of speaker group significantly improved model fit for each acoustic measure. To assess differences
between specific groups, post hoc pairwise comparisons were conducted using the emmeans package with Holm correction.
Only comparisons between non-binary speakers and the other speaker groups are presented here.

Overall, non-binary speakers demonstrated a larger range of values across the six acoustic dimensions than
transgender men and transgender women, and their values were generally within an intermediate range of cisgender men
and cisgender women. Non-binary speakers’ fo values were higher than those of cisgender men [b ¼ 67.16, standard error
(SE)¼ 1.79, t¼ 37.46, p< 0.001) but lower than those of cisgender women (b ¼ �18.09, SE¼ 1.79, t ¼ �10.09,
p< 0.001). In comparison to other transgender speakers, non-binary speakers’ values were higher than for both transgen-
der men (b ¼ 60.11, SE¼ 2.25, t¼ 26.74, p< 0.001) and transgender women (b ¼ 10.59, SE¼ 2.25, t¼ 4.71, p< 0.001).

Fig. 1. Violin plots of acoustic measures across speaker groups. Plot widths represent probability density at a given value. Black circles repre-
sent mean values for each speaker group. (A) Fundamental frequency (Hz); (B) CPPs (dB); (C) first formant centroid (Hz); (D) second for-
mant centroid (Hz); (E) third formant centroid (Hz); (F) VSA (Hz2).
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This pattern was also seen for the F1 centroid (b ¼ 80, SE¼ 2.88, t¼ 27.75, p< 0.001; b ¼ �18.7, SE¼ 2.88, t ¼ �6.47,
p< 0.001; b ¼ 55.1, SE¼ 3.62, t¼ 15.24, p< 0.001; and b ¼ 18, SE¼ 3.62, t¼ 4.98, p< 0.001, for cisgender men, cisgender
women, transgender men, and transgender women, respectively), F2 centroid (b ¼ 188.9, SE¼ 7.11, t¼ 26.55, p< 0.001; b
¼ �99.3, SE¼ 7.11, t ¼ �13.96, p< 0.001; b ¼ 122.6, SE¼ 8.92, t¼ 13.75, p< 0.001; and b ¼ 88.4, SE¼ 8.92, t¼ 9.91,
p< 0.001, for cisgender men, cisgender women, transgender men, and transgender women, respectively), and F3 centroid
(b ¼ 238.3, SE¼ 8.85, t¼ 26.92, p< 0.001; b ¼ �115.7, SE¼ 8.85, t ¼ �13.07, p< 0.001; b ¼ 96.8, SE¼ 11.1, t¼ 8.72,
p< 0.001; and b ¼ 160, SE¼ 11.1, t¼ 14.42, p< 0.001, for cisgender men, cisgender women, transgender men, and trans-
gender women, respectively).

No differences in CPPs values were found between non-binary and cisgender men and women speakers.
However, non-binary speakers’ CPPs values were higher than those of transgender men (b ¼ 1.07, SE¼ 0.11, t¼ 9.81,
p< 0.001) but lower than those of transgender women (b ¼ �0.72, SE¼ 0.11, t ¼ �6.64, p< 0.001).

Non-binary speakers’ VSA was larger than that of cisgender men (b ¼ 59.65, SE¼ 4.67, t¼ 12.78, p< 0.001) but
not significantly different from that of cisgender women. Non-binary speakers’ VSA was larger than that of transgender men
(b ¼ 22.87, SE¼ 5.85, t¼ 3.91, p< 0.001) but smaller than that of transgender women (b ¼ �30.81, SE¼ 5.85, t ¼ �5.27,
p< 0.001).

3.2 Listener auditory-perceptual measures

Listeners’ ratings of confidence in speaker gender and masculinity/femininity for each speaker group are plotted in Fig. 2.
To examine differences in listeners’ ratings, speaker group (cisgender man, cisgender woman, transgender man,

transgender non-binary, and transgender woman) was fit to a mixed effects model as a fixed effect using the lmer() func-
tion of the lme4 package. The predictor variable was treatment-coded with cisgender man as the reference level. The ran-
dom effects structure (for this and all following models) included random intercepts by listener and speaker. The overall
effect of speaker group was evaluated by comparing the speaker group model to an intercept only model using the anova()
function.28 Inclusion of speaker group significantly improved model fit for both perceptual measures. To assess differences
between non-binary speakers and other groups, post hoc pairwise comparisons were obtained using the emmeans package
with Holm correction.

For confidence in gender identification, non-binary speakers were rated as more likely female than were cisgen-
der men (b ¼ �4.48, SE¼ 0.49, t ¼ �9.09, p< 0.001), transgender men (b ¼ �3.82, SE¼ 0.62, t ¼ �6.18, p< 0.001),
and transgender women (b ¼ 2.9, SE¼ 0.62, t¼ 4.69, p< 0.001) but less likely female than were cisgender women
(b ¼ �1.85, SE¼ 0.49, t ¼ �3.76, p< 0.01). For masculinity/femininity, non-binary speakers were rated as more feminine
than cisgender men (b ¼ �3.59, SE¼ 0.37, t ¼ �9.81, p< 0.001), transgender men (b ¼ �3.02, SE¼ 0.46, t ¼ �6.6,
p< 0.001), and transgender women (b ¼ 1.53, SE¼ 0.46, t¼ 3.33, p< 0.01) but as less feminine than cisgender women
(b ¼ �1.34, SE¼ 0.37, t ¼ �3.66, p< 0.01).

To assess which acoustic features were predictive of confidence in speaker gender and masculinity/femininity for
all speakers combined, each auditory-perceptual measure was fit to a mixed effects model with the six acoustic measures
as fixed effects. Multicollinearity among acoustic measures was assessed by calculating variance inflation factors using the
check_collinearity() function of the productivity package. F2 and F3 centroids demonstrated variance inflation factor val-
ues> 4 for both response variables and were removed.27 The final structure for both models was x � fo þ CPPs þ F1 cen-
troid þ VSA þ (1jlistener) þ (1jspeaker). The significance of each acoustic measure was determined through likelihood
ratio tests of models with each acoustic measure against models without each acoustic measure using the mixed() function
of the afex package.28 For both confidence in speaker gender and masculinity/femininity, only fo [v

2 (1)¼ 37.24, p< 0.001,
and v2 (1)¼ 52.91, p< 0.001, respectively] and F1 centroid [v2 (1)¼ 15.24, p< 0.001, and v2 (1)¼ 20.61, p< 0.001,

Fig. 2. Violin plots of listeners’ auditory-perceptual ratings of (A) confidence in speaker gender and (B) masculinity/femininity. Confidence in
speaker gender references listeners’ certainty that the speaker is male or female. Masculinity/femininity references listeners’ perception that
the individual’s speech is characteristic of typical men and women. Higher values along the y axis indicate (A) greater certainty that the
speaker is female and (B) greater perceived femininity. Lower values indicate (A) greater certainty that the speaker is male and (B) greater per-
ceived masculinity. Black circles represent mean values for each speaker group.
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respectively] were significant predictors of ratings. The mixed effects models accounted for 86% of the variance for confi-
dence in speaker gender and 78% of the variance for masculinity/femininity.

The above analyses were then conducted on subsets of cisgender vs transgender speakers to examine whether
the same acoustic-phonetic features were relevant for perceptual ratings between the two speaker groups. For cisgender
speakers, only fo was a significant predictor of both confidence in speaker gender [v2 (1)¼ 54.63, p< 0.001] and masculin-
ity/femininity [v2 (1)¼ 61.4, p< 0.001]. The models accounted for 92% and 85%, respectively, of the variance in ratings.
For transgender speakers, fo [v2 (1)¼ 20.8, p< 0.001], F2 centroid [v2 (1)¼ 20.59, p< 0.001], and CPPs [v2 (1)¼ 4.13,
p< 0.05] were predictive of confidence in speaker gender. Fundamental frequency [v2 (1)¼ 21.05, p< 0.001] and F3 cen-
troid [v2 (1)¼ 5.43, p< 0.05] were predictive of masculinity/femininity. The models accounted for 79% and 68%, respec-
tively, of the variance in ratings.

4. Discussion and conclusions

Non-binary speakers’ acoustic profile was found to be distinct from those of cisgender and transgender men and women.
Although some acoustic measures for non-binary speakers (e.g., fo and formant centroids) fell within an intermediate
range of cisgender men and women, their values were higher than those of transgender men and women. Other measures,
such as CPPs and VSA, demonstrated more complex patterns in relation to the other speaker groups. For example, CPPs
was found to significantly vary only among non-binary speakers and transgender men (who had the lowest values) and
transgender women (who had the highest). These findings relate to those of Brown and Pillow-Loiseau,5 where non-binary
speakers demonstrated significantly higher CPPs values than cisgender men and women. Although the present study did
not find significant differences between non-binary and cisgender speakers, the distinction among the transgender groups
indicates vocal quality may be a sociolinguistic variable leveraged by non-binary speakers to stylistically distinguish them-
selves from other social groups. Non-binary speakers’ VSA, a measure of articulatory precision,20 also followed a unique
pattern, falling within an intermediate range of transgender men and women and being similar to that of cisgender
women. VSA has been found to systematically vary based on speakers’ self-reported gender identity29 and to be perceptu-
ally relevant to listeners when evaluating speaker gender.16 Findings from this prior work in conjunction with those of the
present study, thus, support VSA as an articulatory feature that may also be manipulated by speakers to position them-
selves apart from the gender binary. Collectively, these findings suggest non-binary speakers utilize fine phonetic detail to
index gender identity and demonstrate how gender, as an evolving social category, contributes to the acoustic variability in
speech. Findings also provide insight into how linguistic choices and social meaning may become intertwined and enregis-
ter non-binary identity as a distinct social category for speakers and listeners.12 Additional research with a larger pool of
speakers and more varied speech utterances would better clarify how non-binary speakers may utilize a specific composite
of acoustic-phonetic features to index their gender identity. Future work may also improve on the present study by includ-
ing more than one token per speaker and using consistent recording conditions across all speakers to minimize recording
artifact that may influence results.30

Listeners’ ratings of both confidence in speaker gender and masculinity/femininity situated non-binary speakers
between cisgender women and all other groups. These findings demonstrate how listeners perceptually organize non-
binary speakers along these commonly used scales and provide insight into the cognitive architecture on which listeners
may condition speech perception and representation.31 For instance, listeners may interpret the same acoustic signal differ-
ently depending on the gender they attribute to the speaker.32 However, although this study’s paradigm allows comparison
to prior work, some limitations should be noted. First, the number of times listeners replayed each speaker’s utterance was
not collected. Future work could record these data as a proxy for or complement to confidence ratings. Second, using
bipolar rating scales to characterize non-binary speakers may perpetuate the gender binary that these individuals them-
selves reject. As the speaker data suggest, there is an ideologically emergent category of “non-binary” that may also be
maintained by listeners. Restricting listeners to the scales used here may have prompted them to reference stereotypes of a
binary model of gender and/or prevented them from demonstrating a non-binary or “neutral” category that exists in their
perceptual representation. Third, masculinity and femininity may constitute discrete perceptual dimensions rather than
two end points of a single continuum.33 These limitations stem, in part, from socially conditioned researcher biases sur-
rounding gender. It is, therefore, critical that researchers be reflexive when developing and implementing research with the
gender diverse community and acknowledge that their own experiences, assumptions, and beliefs may influence the
research process.34

Relations among the acoustic-phonetic features and listeners’ perceptual ratings showed different patterns both
between cisgender and transgender speakers and between the two rating scales. Only fo and F1 centroid were predictive of
ratings for both confidence in speaker gender and masculinity/femininity when all speakers were pooled. This finding may
have arisen because listeners were constrained to using the two bipolar scales and conditioned their response to these
dimensions on only fo and formant information. Other perceptual tasks (e.g., rating independent scales of masculinity and
femininity or free classification) may better reveal the interaction among additional acoustic-phonetic features and demon-
strate greater nuance in how these features inform listeners’ representation of speaker gender.35 However, differing
acoustic-phonetic features were predictive of listeners’ ratings when analyzing cisgender and transgender speakers indepen-
dently. Listeners appeared to rely primarily on fo when rating cisgender speakers but on fo, formant frequencies, and vocal
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quality when rating transgender speakers. This discrepancy between the two groups suggests that listeners may have had
difficulty relying solely on fo and formant information when rating transgender speakers. They may have, therefore, uti-
lized additional acoustic-phonetic cues in making their judgments. This possibility is reflected in the fact that more vari-
ance in listeners’ ratings was explained by fewer acoustic features for cisgender as compared to transgender speakers.
These findings may also be partly due to variability across listeners in their perception of speaker gender. Paradigms that
are sensitive to individual differences would better clarify how and why listeners may vary in their perceptual representa-
tion of gender.

This study adds to the nascent body of research investigating acoustic-phonetic and auditory-perceptual charac-
teristics of gender non-binary speakers. These data provide insight into the acoustic-phonetic features speakers utilize to
index non-binary identity and the perceptual relevance of these features to listeners’ judgments of speaker gender.
Findings suggest a socially grounded account of acoustic-phonetic variability among diverse gender identities and evolving
linguistic landscapes to which listeners must adapt.
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