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JASA @
ARTICLE

Auditory free classification of gender diverse speakers®
Brandon Merritt,"® () Tessa Bent,? () Rowan Kilgore,? and Cameron Eads?®
'Department of Speech, Language, and Hearing Sciences, The University of Texas at El Paso, El Paso, Texas 79968, USA

2Department of Speech, Language and Hearing Sciences, Indiana University, Bloomington, Indiana 47408, USA

ABSTRACT:

Auditory attribution of speaker gender has historically been assumed to operate within a binary framework. The
prevalence of gender diversity and its associated sociophonetic variability motivates an examination of how listeners
perceptually represent these diverse voices. Utterances from 30 transgender (1 agender individual, 15 non-binary
individuals, 7 transgender men, and 7 transgender women) and 30 cisgender (15 men and 15 women) speakers were
used in an auditory free classification paradigm, in which cisgender listeners classified the speakers on perceived
general similarity and gender identity. Multidimensional scaling of listeners’ classifications revealed two-
dimensional solutions as the best fit for general similarity classifications. The first dimension was interpreted as mas-
culinity/femininity, where listeners organized speakers from high to low fundamental frequency and first formant
frequency. The second was interpreted as gender prototypicality, where listeners separated speakers with fundamen-
tal frequency and first formant frequency at upper and lower extreme values from more intermediate values.
Listeners’ classifications for gender identity collapsed into a one-dimensional space interpreted as masculinity/femi-
ninity. Results suggest that listeners engage in fine-grained analysis of speaker gender that cannot be adequately cap-
tured by a gender dichotomy. Further, varying terminology used in instructions may bias listeners’ gender
judgements. © 2024 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/).
https://doi.org/10.1121/10.0024521
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I. INTRODUCTION of cisgender men and women.®'%'* Transgender individu-
als may even purposefully adopt systematic ways of speak-
ing to communicate a queer identity to listeners.'®'*'* For
example, transmasculine speakers (i.e., individuals assigned
female at birth but who identify along the masculine spec-
trum) may manipulate speaking fundamental frequency (f,,)
in tandem with /s/ center of gravity to convey their gender
diversity.'? Non-binary speakers (i.e., individuals whose
self-concept of gender identity does not align with a binary
system) may also use structured variation in f,, vocal qual-
ity, and formant frequencies to communicate an identity dis-
tinct from cisgender and transgender men and women.'*'?
By combining acoustic-phonetic features associated with
differing gender identities, these speakers may be asserting
identities that intentionally challenge the diametric sociocul-
tural norms associated with the speech of cisgender men and
women.

Because individuals with diverse gender identities are
increasingly visible in contemporary society, listeners may be
exposed to more diverse social landscapes that introduce
potentially novel acoustic-phonetic variability to which they
must adapt. The stylistic nuance that is demonstrated in
emerging literature on gender diversity and speech communi-
op . L o cation suggests a more complex construction and communica-

arts Qf this paper Werf presented in -Audltory free claSS}ﬁcatlon .Of gen-  don of gender than a binary framework allows or
der diverse speakers,” 183rd Meeting of the Acoustical Society of
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Investigations of auditory gender attribution (i.e., the
gender label or category that a listener applies to a speaker)
have historically operated within a gender binary frame-
work."™ Within this framework, speakers are assumed to
represent cisgender identity (i.e., girls/women and boys/men
whose gender identity is congruent with the sex assigned to
them at birth) with speech characteristics associated with
one of these two gender categories. However, contemporary
understandings of gender acknowledge that it is a multiface-
ted construct. Gender encompasses gender identity, gender
expression, and social gender roles, all of which are tied to
cultural understandings and expectations of people who
were assigned male or female at birth.® Estimates indicate
that more than 1.4 million adults in the United States iden-
tify as transgender (i.e., individuals whose gender identity is
incongruent with the sex assigned to them at birth), with this
number expected to continue growing.” A comprehensive
understanding of how listeners attribute gender to speakers
must, therefore, be inclusive of gender diverse individuals.

Numerous studies suggest that the speech characteris-
tics of transgender speakers may not align with those typical
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attribution may poorly capture the production and perception
of speech variability across speakers of diverse gender identi-
ties. Attempts to partition all speakers, and the gender attrib-
uted to them, into one of these two categories may, therefore,
be reductionist and disregard potentially important acoustic-
phonetic information that informs listeners’ cognitive repre-
sentation of speaker gender.

Although there is increasing representation of gender
diversity in the scholarship of speech communica-
tion, %' 113715 much of this work has focused on the role of
the speaker in communicating gender. Less attention has
been paid to listeners’ perceptual representation of the
acoustic-phonetic variability that exists among speakers of
diverse gender identities. It is, however, important to exam-
ine the interpretative work that is required of listeners in
constructing indexical meaning from the acoustic speech
signal. The process of enregisterment (i.e., distinct forms of
speech being recognized as belonging to specific social
groups) requires both a speaker to produce acoustic-
phonetic variation and a listener to attach social meaning to
it.'® This process aligns well with Azul and Hancock’s
socio-culturally mediated model of gender attribution,"’
where listeners take an active role in interpreting gender
from the acoustic signal, and is the perspective from which
this study approaches gender attribution.

Additionally, listeners may condition speech perception
on indexical categories attributed to the speaker, such as
gender.'® 2! For example, Strand and Johnson'® presented
listeners with an identical fricative token paired with a video
of either a cisgender man or woman speaker. When listeners
heard the fricative token paired with a cisgender man, with
an expected longer vocal tract and lower peak frequency,
they were more likely to identify the token as /s/. However,
when the same token was paired with a cisgender woman,
with an expected shorter vocal tract and higher peak fre-
quency, listeners were more likely to identify it as /[/. In a
follow-up study, listeners also tended to perceive different
vowels both when primed with pictures of men and women
and when asked to visualize a man or woman producing the
token.'” These results suggest that socially conditioned
expectations for speech characteristics of speakers with
varying gender identities shifted listeners’ perceptual pho-
neme boundaries. Similar findings have been found based
on attribution of a speaker’s geographic origin, age, socio-
economic status, and sexual orientation.”> > Hence, multi-
ple sources of indexical variation are embedded within the
speech acoustic signal that require listeners to attribute vari-
ation to its correct source and recognize similarities and dif-
ferences across speakers. Understanding listeners’
perceptual organization of indexical categories, such as gen-
der, would therefore clarify the cognitive mechanisms that
underlie speech perception more broadly.

A. Limitations of traditional approaches to measure
gender attribution

Through cumulative exposure to the acoustic-phonetic
variability found across speakers of varying gender
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identities, listeners may develop models of speech character-
istics typical for speakers with gender identities beyond a
binary schematic organization.”’*' Thus, dichotomous gen-
der categorization tasks cannot capture listeners’ perception
and representation of the fine phonetic detail that underlies
their attribution of gender, particularly for those speakers
who do not identify as cisgender men or women.'®"® For
example, Mullennix et al? tasked listeners with identifica-
tion and ABX discrimination of speaker gender, among
other perceptual tasks, from brief vowel tokens. Analyses of
listeners’ responses demonstrated a gradually sloping identi-
fication function and no sharp boundary between “male”
and “female” categories. The authors concluded that the per-
ceptual representation of speaker gender may therefore be
gradient rather than categorical and based on fine phonetic
detail that is stored in long-term memory. Hence, binary
response options in many studies may prevent listeners from
demonstrating their true representation of speaker gender
and how different speakers are organized within that percep-
tual space.

The assumption that individuals conceptualize and rep-
resent speaker gender along a single bipolar dimension (e.g.,
“very male-like” or “very masculine” to “very female-like”
or “very feminine”) has also been questioned.’®*’ For
example, Bem®® found that individuals’ self-concepts of
masculinity and femininity were empirically independent of
one another, suggesting that representation of gender may
be multidimensional and that a single rating scale such as
“very masculine” to “very feminine” may fail to adequately
capture this complexity. In acknowledging this potentially
more nuanced representation of gender, some investigations
have sought to more finely examine listeners’ gender attri-
bution by providing additional response options in conjunc-
tion with or beyond discrete gender labels (e.g., confidence
in categorical judgements or a separate rating scale for mas-
culinity/femininity). Although these approaches acknowl-
edge that gender attribution may lie along a continuum, they
may conflate gender identity, masculinity, and femininity in
the available response options they provide to listeners. For
instance, some paradigms have measured masculinity and
femininity by using visual analog or equal appearing inter-
val scales as a proxy of gender identity.”*' Masculinity,
femininity, and gender identity, however, are related yet dis-
tinct constructs. Numerous studies have shown listeners to
have differing response patterns to gender identity and mas-
culinity/femininity and, when measured, high intra- and
inter-rater reliability.'**** Hope and Lilley*’ sought to
separate masculinity, femininity, and gender identity by
examining cisgender and transgender listeners’ gender attri-
bution of synthetic voice samples using three separate con-
tinuous scales of “masculinity,” “femininity,” and “other” and
five categorical options of “man,” “woman,” “non-binary,”
“agender,” and ‘“genderfluid.” Many listeners, particularly
transgender, utilized the full range of the three rating scales
and categorized voices outside of the traditional binary of
“man” or “woman.” Their findings suggest that listeners
organize speaker gender within a multidimensional space.
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However, their approach still assumed that listeners were
able to segment attributed gender into discrete units along a
visual analog scale.

Listeners’ evaluations of speaker gender may also be
influenced by the specific instructions or terminology provided
by researchers. Studies that manipulate how listeners are
instructed to evaluate speakers suggest that listeners’ behav-
ioral responses may be substantially altered by directing their
attention to specific terms.>>~’ Houle er al.*° found that vary-
ing anchor terms (e.g., “very female/very male” vs “feminine
female/masculine male”) along a visual analog scale systemat-
ically altered listeners’ ratings. The authors concluded that the
variability across scales may have been due to activation of
varying degrees of stereotypes associated with gender that
were triggered by the specific labels. Thus, the terms that
investigators select for listener instructions or response options
may lead to significant variability in how listeners interpret the
task and respond. Although Hope and Lilley®’ provided their
listeners with multiple experimenter-defined categorical
response options when evaluating speakers, their paradigm
assumed that the five category labels provided as response
options accurately reflected listeners’ perceptual organization
and categorization of speakers.

In recognizing the numerous descriptive terms applica-
ble to gender, a recent study allowed listeners to use their
own terminology when attributing gender to speakers.*®
They found that participants provided an array of category
labels, including “gender neutral,” “genderqueer,” “andro,”
“maleish,” and “cismasc,” emphasizing the broad spectrum
of terms and their potentially varied semantic connotations
that listeners may reference when attributing speaker gen-
der. Thus, as Houle et al. suggest, different stereotypes may
be activated depending on the terms that experimenters use,
and different listeners may interpret the same terms or
instructions differently. A recent meta-analysis indeed dem-
onstrates the array of terms that experimenters have pro-
vided to listeners in measuring gender attribution.*® The
varying paradigms used to measure attribution of gender
may have, thus, inadvertently introduced bias by
experimenter-defined terminology and instructions. Such
bias may have prevented an accurate assessment of listen-
ers’ gender attribution. Approaches that can more faithfully
probe gender attribution with minimal bias are necessary to
obtain a more complete picture of the cognitive processes
that govern gender attribution and, more broadly, speech
perception. Therefore, the purpose of this study was to
examine how speaker gender was attributed when listeners
were not restricted to experimenter-defined response options
and audio samples solely from cisgender men and women.
Further, we sought to determine how auditory-based gender
attribution related to four factors:

e acoustic characteristics of the signal (e.g., f,, formant fre-
quencies, and vowel space area),

« auditory-perceptual ratings of speakers (e.g., definitely
male/definitely female, very masculine/very feminine,
and unforced/effortful),
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* speakers’ self-reported gender,
* task (e.g., stimulus set and instructions provided).

B. Auditory free classification

In a free classification paradigm, participants sort stimu-
lus items into two or more groups based on either general
similarity or more explicit attributes defined by the experi-
menter.*” In contrast to paired comparisons, in which listen-
ers are presented with all possible pairings of stimuli and
tasked with rating similarity for each, free classification
presents listeners with the entire set of stimulus items visu-
ally. Perceived proximities of items are determined by
counting how often items are sorted into the same group
across listeners. Items that are grouped together more often
are considered to have a closer proximity to one another
and, therefore, a higher degree of perceptual similarity.
Listeners’ classifications can be submitted to cluster analysis
and/or dimension reduction to identify the degree of dissimi-
larity among all items collectively and the most salient
perceptual dimensions across the stimulus set.*” Auditory-
perceptual and acoustic-phonetic measurements can be
taken from speech stimuli and used to interpret the cluster
and dimension reduction solutions.

Free classification provides several benefits over tradi-
tional measures of gender attribution. First, free classifica-
tion can avoid experimenter-defined a priori category labels
and thus limits the possibility that listeners may interpret the
same gender related terms in different ways. Second, free
classification can be completed much faster than a tradi-
tional paired comparisons paradigm,*® which may reduce
listener fatigue. Third, free classification is flexible in that
the researcher can define how many groups the participant
should organize stimuli into or allow participants to choose
the number of groups for themselves. Participants can also
be instructed to group items on more specific criteria rather
than general similarity, such as the speakers’ native lan-
guage background®’ or perceptual breathiness.>

Given the flexibility that free classification provides,
the stimulus items chosen for comparison should be based
on the goals of the research. For example, using the same
utterance produced by all speakers provides similar phonetic
content and permits comparisons of fine-grained acoustic
and auditory-perceptual measures across speakers.
However, using novel sentences for each speaker avoids
having listeners focus on a small set of fixed linguistic fea-
tures when making their classifications and requires them to
make similarity judgements using abstract representations of
speakers and social groups.*' Thus, free classification tasks
using identical versus unique sentences across speakers
could reveal nuance in listeners’ representations based on
the stimulus set. In the present study, we sought to leverage
the free classification paradigm to clarify listeners’ percep-
tual organization of cisgender and transgender speakers in
conditions that manipulated both stimulus set (speakers pro-
ducing the same or different sentences) and instructions pro-
vided to listeners (group by general similarity or by gender
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identity). These conditions would permit a comparison of
how stimuli and instructions influenced listeners’ classifica-
tion strategies.

C. Multidimensional scaling

Multidimensional scaling (MDS) is a non-linear dimen-
sion reduction technique used to quantify similarity judge-
ments among a set of items.*? Input for MDS analysis are
estimates of similarity. For instance, a distance matrix can
be computed from listeners’ groupings in a free classifica-
tion task that can be submitted to MDS analyses. MDS pla-
ces each stimulus item into an N-dimensional space (where
N is defined by the investigator) while preserving the
between-item distances and visualizes the resulting points in
a scatterplot. The number of dimensions that best represent
the data are chosen based on the amount of variance
accounted for by each dimension and their interpretability.
Each dimension identified in the final MDS solution is sub-
jectively interpreted by examining the organization of
speakers along that dimension and by calculating correla-
tions between stimuli coordinates in the MDS solution and
pre-defined acoustic and auditory-perceptual measures of
the stimulus set.*’ Although MDS analyses identify the
most meaningful features of a data set, the goal is to reduce
stimuli complexity. Consequently, some information is lost
during the process. Interpretation of dimensions identified in
the MDS solution may also be challenging, particularly for
high dimensional solutions. Nevertheless, MDS analyses
allow complex data sets (such as perception of speech) to be
reduced to the primary dimensions along which stimulus
items are perceived to differ and provide a quantitative mea-
surement and visual representation of their relationship.**

Auditory free classification of speech stimuli paired
with MDS analyses has been employed to investigate listen-
ers’ perceptual representations of a range of speech stimuli,
including regional dialect,**** second language accent,’’
and neurogenic speech disorders.*? Across these differing
speaker populations, attributed gender frequently emerges
as a primary organizational strategy.’”*****> For example,
dimensional solutions from MDS analyses are consistently
interpreted by researchers as a gender dichotomy both for
classifications based on general similarity and for classifica-
tions by more specific criteria (e.g., speaker place of origin**
or regional dialect*®) Although these studies provide impor-
tant insight into the salience of attributed speaker gender
during speech processing, they typically assume that all
speakers represent cisgender men and women, and therefore
do not account for speakers of diverse gender identities
(e.g., transgender men and women, non-binary, and agender
individuals). Understanding how such speakers are percep-
tually represented would clarify how listeners cognitively
organize and resolve the potentially novel acoustic-phonetic
variability that is represented by gender diversity.
Therefore, to refine our understanding of the perceptual rep-
resentation of speaker gender, this study evaluated listeners’
organizational schema for speakers who represented a
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variety of gender identities using an auditory free classifica-
tion paradigm. Specific research questions were as follows:

(1) When presented with speakers representing a range of
gender identities in a free classification task, what
acoustic and perceptual dimensions are most salient to
listeners?

(2) To what extent do speakers’ gender identities impact
perceptual similarity?

(3) Does manipulating stimulus set (same vs. different sen-
tences across speakers) and instructions (general simi-
larity vs. attributed gender) influence listeners’
classification behavior?

Il. MeTHODS
A. Stimuli

Speakers were 30 transgender and 30 cisgender adults
ages 18-67 (M =25.5, SD=10.8). Because gender identi-
ties within the transgender community can be quite
diverse,*® limiting speakers to transgender men and trans-
gender women would have been too restrictive to account
for the great variability in identity that exists within the
transgender population. Speaker recruitment therefore
included speakers who identified as transgender, broadly,
and allowed participants to indicate more nuanced identities
such as man, woman, non-binary (e.g., genderfluid, gender-
queer), agender, and another identity not listed with a free
text box to provide more specific terminology.*’
Transgender speakers were recruited by word of mouth and
through advertisements placed on the Indiana University
campus and posted to the Indiana University classified ads,
local LGBTQIA+ support group newsletters, and social
media. Transgender speakers included 1 agender individual,
15 non-binary individuals, 7 transgender men, and 7 trans-
gender women. All speakers were monolingual speakers of
American English with no presence (as judged by the first
author, a speech-language pathologist of over 15 years) or
reported history of voice, speech, or other communicative
disorder. Eleven of the transgender speakers who identified
as either men 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 2.5 months to 4 years, and dosages,
when reported, varied. Although some speakers anecdotally
reported previous gender-affirming communication training,
this information was not requested.

Transgender speakers were age- and dialect-matched
with cisgender speakers, who included 15 cisgender men
and 15 cisgender women. Cisgender speakers were primar-
ily taken from the ALLSSTAR corpus.*® Because the
ALLSSTAR corpus was limited in the number of cisgender
speakers from which to draw, 7 additional cisgender speak-
ers (2 women and 5 men) were recruited for this study by
word of mouth from the surrounding Bloomington, IN com-
munity and personal networks. Additional demographic
information for speakers is presented in Table I.
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TABLE I. Demographic information for speaker participants.
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JASA

Speaker group Race/ethnicity N Sexual orientation (Ref. 499) N  Dialectregion N
Transgender Asian or Asian American 1 Asexual 2 Florida 1
Black or African American 1 Asexual and panromantic 1 Mid-Atlantic 1
Chose not to answer 1 Bisexual 9 Midland 18
White 25 Demi-pansexual 1 New England 1
White and Hispanic, Latinx, or Spanish Origin 1 Lesbian, gay, or homosexual 6 North 4
White and Hispanic, Latinx, or Spanish origin and biracial or multiethnic 1 Pansexual 6 South 4
Queer 4 West 1
Straight or heterosexual 1
Cisgender Black or African American and White and biracial or multiethnic 1 Bisexual 1 Mid-Atlantic 7
Chose not to answer 1 Chose not to answer 1 Midland 15
Hispanic and Black or African American 1
Hispanic and more than one race 2 Lesbian, gay, or homosexual 2  Midland/North 1
Not Hispanic and more than one race 1 Pansexual 1 North 2
Non-Hispanic Asian 5 Straight or heterosexual 2 South 3
Non-Hispanic other 1 West 2
White 18
All transgender speaker recordings and 7 cisgender B. Listeners

speaker recordings for this study were conducted in-person
in a sound-treated booth in the Speech Perception Lab in the
Department of Speech, Language and Hearing Sciences at
Indiana University after receiving approval from the
Institutional Review Board. Speakers completed a demo-
graphic and language background questionnaire before com-
pleting the speech recordings. Speakers were then seated
comfortably in a sound-treated booth and equipped with a
head-mounted Shure Dynamic WH20XLR microphone that
was positioned at approximately 5 cm mouth-to-microphone
distance. Speakers participating at Indiana University were
recorded using a Marantz PDM670 digital audio recorder
connected to a Mac Mini at a 44.1kHz sampling rate and
16-bit resolution. One dialect-matched cisgender speaker
was recorded in a sound-treated booth in the Department of
Communicative Disorders at the University of Alabama
using a Steinberg audio interface and Electro Voice RE-20
dynamic cardioid mic at a 44.1 kHz sampling rate and 16-bit
resolution. The remaining 22 cisgender speaker recordings
were taken from the ALLSSTAR corpus and were recorded
in-person at Northwestern University in a sound-treated
booth using a Shure SM81 Condenser microphone con-
nected to an Intel Core 2 Duo iMac at a 22.05 kHz sampling
rate and 16-bit resolution.

Speakers recorded a variety of speech materials as
part of a larger corpus development project, the details of
which can be found in Merritt.’® Stimuli for this study
were meaningful, phonetically balanced, English read sen-
tences from the Hearing In Noise Test (HINT).”" Speakers
were instructed to use their habitual speaking rate and
most comfortable vocal presentation for recordings. All
stimuli were intensity scaled to 70 dB. Breaks were pro-
vided as needed during the recording procedures. Speakers
recorded specifically for this study were paid $10 per hour
for their participation and the recording protocol lasted
between 1 to 1.5h.
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Listeners were 42 cisgender, monolingual, American
English speakers (15 men and 27 women), ages 1840
(mean=23.7, SD=5.5), who were recruited from the
Indiana University campus and surrounding Bloomington
community. Listeners were restricted to cisgender identity
to avoid potential biasing effects of expertise with gender
and voice/speech that individuals who identify as transgen-
der may possess. Specifically, individuals who identify as
transgender may be especially attentive to gender cues in
speech because of their extensive lived experiences as a gen-
der minority. Listeners older than 40 were ineligible to par-
ticipate to limit potential bias from generational effects that
may influence listeners’ perceptual schemas. Additional lis-
tener demographic data is provided in Table II. Listeners
had completed no more than two courses in communication
sciences and disorders and no coursework in speech science
or voice disorders. All listeners passed the hearing screening
at 250, 500, 1000, 2000, 4000, and 8000 Hz presented at
20-25dB. Listeners completed a demographic and social
network questionnaire at the end of the experimental proto-
col. Participants completed all experimental tasks in a single
session that lasted approximately 2.5h. All were paid $25
for their participation. Along with the 42 listeners described,
three additional listeners completed the experimental proto-
col, but their data were excluded from the analysis. Two
participants’ data were not saved following the auditory-
perceptual ratings and the third identified as transgender.

C. Procedure

1. Free classification tasks

Listeners first completed three free classification tasks
in which they grouped cisgender and transgender speakers
by either general similarity or gender identity. Listeners
were seated in front of a ViewSonic 20 in. VX2033wm
LCD monitor in a sound booth that accommodated up to
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TABLE II. Demographic information for listener participants.

Race/ethnicity N Sexual orientation N Dialect region N
Asian or Asian American 7 Asexual 1 Florida 1
Asian or Asian American and White Bisexual 6 Mid-Atlantic 1
Black or African American 3 Don’t know 1 Midland 27
White 30 Lesbian, gay, or homosexual 8 New England 1
Straight or heterosexual 26 North 6

South 4

West 2

two listeners at a time and wore Sennheiser HD 280 pro
headphones. Following the methods by Clopper,* listeners
were presented with a 12 x 12 grid on the right side of the
screen and 60 square icons on the left side of the screen that
were arranged in neat columns in alphabetical order using
Microsoft PowerPoint. Each speaker was randomly assigned
two-letter initials that were printed on each icon and, when
clicked, played an utterance produced by that speaker.
Listeners were instructed to drag each icon onto the grid and
group icons so that speakers who sounded similar (tasks one
and two) or who had the same gender identity (task three)
were grouped together. Listeners were instructed to pay no
attention to the meaning of the sentences when making
groups. For each free classification task, listeners were told
they could create as many or as few groups as they wished
and there could be as many speakers in each group as they
wanted. A 30-min time limit was imposed for each of the
three tasks. They could click and hear each speaker’s utter-
ance as often as they liked while making groups. Listeners
were not told they would be hearing cisgender and transgen-
der speakers. They were provided scratch paper and a pencil
with which to take notes about speakers while making
groups if they wished but were not required to do so.
Listeners were permitted breaks following each free classifi-
cation task as described below.

(1) General similarity—Same sentence. The goal of the gen-
eral similarity-same sentence free classification task was
to examine listeners’ representations of speaker gender
when instructed to group speakers producing the same
utterance by general similarity. In this condition, each
speaker produced the utterance “They had two empty
bottles.”

(2) General similarity-Different sentence. The goal of the
general similarity-different sentence free classification task
was to examine listeners’ representations of speaker gen-
der when instructed to group speakers producing different
utterances by general similarity. Although listeners were
instructed to pay no attention to the meaning of sentences,
this condition allowed examination of a potential effect of
stimulus set, whereby utterances containing varying pho-
nemes and lexical items may contribute to variability in
perceptual groupings. In this condition, each of the 60
speakers produced a unique sentence. The order of the two
general similarity classification tasks (same vs different
utterance) was counterbalanced across listeners.
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(3) Gender identity-Same sentence. The goal of the third
and final free classification task was to examine listen-
ers’ representations of speaker gender when instructed
to group speakers producing the same utterance by gen-
der identity. This condition allowed examination of a
potential effect of instruction. Here, explicitly focusing
listeners’ attention to gender could reveal differences in
organizational structure as compared to experimenter
instructions to group by general similarity. Each speaker
in this condition produced the same utterance, “They
had two empty bottles.”

2. Auditory perceptual ratings

Following the free classification tasks, listeners com-
pleted auditory-perceptual ratings of the sentence “They had
two empty bottles” produced by each speaker. The order of
speakers was randomized across listeners. Ten rating scales
were used to aid in the interpretation of dimensions revealed
by the MDS analyses. Auditory-perceptual ratings collected
from listeners were adapted from perceptual rating scales
developed by Gelfer’ to measure perceptual attributes of
voice, using 9-point equal appearing interval scales. The
perceptual variables represented by the rating scales were as
follows: “breathy voice” to “full voice,” “clear” to “hoarse,”
“definitely male” to “definitely female,” “insufficiently
nasal” to “excessively nasal,” “I like this voice” to “I do not
like this voice,” “monotonous” to “animated,” “slow rate”
to “rapid rate,” “unforced” to “effortful,” “very masculine”
to “very feminine,” and “young” to “old.” Listeners were
provided a printed list of the rating scales with simple
explanations of the scale labels that they were able to refer-
ence while completing the task.

Before beginning the experimental task, listeners first
completed practice ratings of three speakers, one from each
group of cisgender women, cisgender men, and transgender,
reading a different HINT sentence from that used in the
experiment. Listeners were permitted to take breaks as
needed throughout the rating scale task. To address potential
confounds of scale order and anchor placement, the order of
rating scale presentation and anchor labels were counterbal-
anced across listeners; half of the listeners rated a set order
of scales and direction of anchor labels (e.g., masculinity—
femininity), and the other half rated a different set order of
scales and direction of anchor labels (e.g., femininity—
masculinity). Listener responses were mutated in data analysis
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so that all responses were along the same direction for each
rating scale. Stimuli randomization, presentation, and listener
response recording were controlled through PsychoPy
2021.2.3.°% After finishing the auditory-perceptual ratings,
listeners completed a demographic and social network ques-
tionnaire. The social network questionnaire was adapted
from Dhand er al.>* to determine if participants’ immediate
social networks (top 10 closest relationships) were inclusive
of transgender individuals, and whether the existence of such
relationships may influence their responses. Because no lis-
teners’ immediate networks were inclusive of transgender
individuals, further analyses of the composition of these net-
works and their relation to listeners’ responses were not
conducted.

3. Acoustic analyses

The goal of the acoustic analyses was to quantify
speech parameters to use in interpretation of multidimen-
sional scaling solutions for listeners’ groupings. Acoustic-
phonetic parameters were selected that have shown relations
with auditory-perceptual evaluations of speaker gender. The
specific acoustic-phonetic features selected were mean f,
across the duration of each speaker’s utterance,*>® ceps-
tral peak prominence-smoothed (CPPs),”"® the first three
formant frequencies (F1, F2, and F3) of the four corner vow-
els /i, u, ae, a/,>>*>>% and vowel space area (VSA).59 The
utterance, “They had two empty bottles,” was selected,
because it contained each of the four corner vowels /i, u, ae, a/.
Acoustic analyses were conducted as described in Merritt'®
using PrAAT.®® Additionally, unitless prototypicality indices
for each speaker were computed following the methods of
Merritt and Bent.® These indices equated speakers who had
f, and first formant frequency at either extreme end of the
range of values across all speakers versus speakers with val-
ues more central. Separate prototypicality indices were cre-
ated for f, (PLif,) and the first three formant frequencies
(PI:SF1, PI:SF2, and PI:SF3, respectively) for each speaker.
Higher values for each index indicated that a speaker’s fre-
quencies were at the extreme ends of the range across all
speakers (i.e., relatively low or high). Lower values indi-
cated that a speaker’s frequencies were closer to the median
frequency and therefore more ambiguous. A summary of
the ten auditory-perceptual and ten acoustic measures taken
to aid in interpretation of MDS solutions is provided in
Table III.

4. Statistical analyses

Data processing was conducted following the methods
of Clopper.*® For each free classification task, a PowerPoint
macro®' was used to extract summary data from each partic-
ipant’s completed classifications, including the number of
groups created and the number of items within each group.
Additionally, the macro produced for each listener a
speaker-by-speaker similarity matrix, in which pairs of
speakers placed within the same group were assigned a
value of 1 and pairs of speakers not placed within the same
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TABLE III. Auditory-perceptual and acoustic measures taken to aid in
interpretation of MDS solutions.

Measure Unit of measurement

Auditory-perceptual measures
Breathy voice/Full voice

Clear/Hoarse

Definitely male/Definitely female
Insufficiently nasal/Excessively nasal
I like this voice/I do not like this voice
Monotonous/Animated

Slow rate/Rapid rate

9-point equal appearing
interval scale

Unforced/Effortful

Very masculine/Very feminine

Young/Old

Acoustic Measures

CPPs dB
Mean speaking f, Hz
F1 Hz
F2 Hz
F3 Hz
PLf, unitless
PI:SF1 unitless
PI:SF2 unitless
PI:SF3 unitless
VSA Hz?

group were assigned a value of 0. Thus, a 60 x 60 similarity
matrix for each free classification task completed by each
listener was created. Summary data were also stratified by
listeners’ reported sexual orientation on the demographic
questionnaire. Those who reported their sexual orientation
as straight or heterosexual were coded as straight (N =26),
and listeners who reported their sexual orientation as any-
thing other than straight or heterosexual were coded as queer
(N=16).

Two sets of statistical analyses were conducted on the
extracted data. The first analysis aimed to identify listeners’
overall classification strategy, including the mean, mini-
mum, and maximum number of groups produced. Free clas-
sification results were first evaluated for potential outliers
that may spuriously influence results. The mean and stan-
dard deviation of the number of groups created across listen-
ers for each free classification task were computed. Due to
the exploratory nature of the study, it was decided that free
classification responses with number of groupings greater
than 3 standard deviations from the mean would be dis-
carded. This decision resulted in one free classification from
the general similarity-different sentence condition and one
free classification from the gender identity-same sentence
condition being removed from analyses. Upon inspection, it
was noted that these listeners left many speakers ungrouped
and may have had difficulty completing or misunderstood
the directions for the task. Thus, there remained for analyses
42 listener free classification responses for the general
similarity-same sentence condition and 41 for the general
similarity-different sentence and gender identity-same sen-
tence conditions.
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The second set of analyses used MDS to identify the most
salient perceptual dimensions of similarity among the speakers.
MBDS analyses were conducted to determine the perceptual sim-
ilarity of speakers across all listeners combined and between
straight and queer listeners. To examine the perceptual similar-
ity of speakers across all listeners, the speaker-by-speaker simi-
larity matrices were summed to create pooled similarity
matrices, one for each free classification task. These matrices
contained gradient values of similarity between 0, indicating
speakers were never grouped together, and 42 (or 41 for the
general similarity-different sentence and gender identity-same
sentence conditions), indicating speakers were always grouped
together.40 Each pooled matrix was separately submitted to
MBDS using the Euclidean distance algorithm with ordinal simi-
larity data in SPSS 25.0.°* Five dimensions were first entered
into the model for each similarity matrix as a general heuristic
to evaluate the spread of solution stress from a low to high
dimensional space.** Stress values produced by an MDS solu-
tion are visually represented as Scree plots. In these plots, lower
values of stress for a given number of dimensions indicate
greater variance accounted for and, hence, a better model fit. A
common approach is to select the number of dimensions at
which an “elbow” forms in the scree plot, which indicates that
additional dimensions no longer substantially improve the
model fit.** The number of dimensions that best explained the
similarity judgments in the present study was determined based
on analysis of stress values from scree plots and considerations
of solution interpretability.

Individual differences scaling (INDSCAL), a subset of
MDS, was used to examine potential differences in the per-
ceptual similarity of speakers between straight and queer lis-
teners. INDSCAL was conducted with the weighted
Euclidean distance algorithm and ordinal similarity data in
SPSS. INDSCAL determines the similarity space for the
entire set of listeners and provides dimension weights for
each listener that can then be averaged for each group of lis-
teners. Statistical comparisons of these dimension weights
were made between straight and queer listeners to determine
if each group attended more to one dimension than others.
Additional discussion of these statistical techniques can be
found in Clopper*® and Carroll and Chang.®?

Interpretations of MDS solutions for each free classifi-
cation task were made by first examining the organization of
speakers along the dimensions that best fit the perceptual
similarity matrices. Next, we calculated correlations
between stimuli coordinates in each of the three MDS solu-
tions and the acoustic and auditory-perceptual measures
described in Table III using SPSS. Those variables that
showed the strongest correlations with the stimuli coordi-
nates were used to interpret and label each dimension identi-
fied in the MDS solutions.

lll. RESULTS
A. Free classification groupings

Listeners on average created 16.1 (range=2-37,
SD=7.5) and 15.6 (range =2-33, SD =6.6) groups in the
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general similarity-same sentence and general similarity-
different sentence conditions, respectively. For the gender
identity-same sentence condition, listeners on average cre-
ated 2.9 (range = 2-7, SD = 1.3) groups. A one-way analysis
of variance (ANOVA) revealed significant differences in
average number of groups [F(2,121) = 66.56, p < 0.001] and
average number of speakers per group [F(2,121)=150.98,
p <0.001] among conditions. Tukey’s HSD Test for multi-
ple comparisons found that number of groups and number of
speakers per group were not significantly different between
the general similarity-same sentence and general similarity-
different sentence conditions. However, the number of
groups in the gender identity-same sentence condition was
significantly lower than both the general similarity-same
sentence (p <0.001, 95% C.I.=[-16.2, —10.13]) and gen-
eral similarity-different sentence (p <0.001, 95%
CIL =[-1549, -9.39]) conditions. Correspondingly, the
number of speakers per group in the gender identity-same
sentence condition was significantly higher than the general
similarity-same sentence (p <0.001, 95% C.I.=[15.56,
21.33]) and general similarity-different sentence (p < 0.001,
95% C.I.=[15.38, 21.18]) conditions.

We next examined whether listeners’ sexual orientation
may have impacted classification strategy by comparing the
summary data for straight versus queer listeners. Excluding
the previously described free classifications with number of
groupings greater than 3 standard deviations above the
mean, a two-way multivariate analysis of variance
(MANOVA) was conducted to evaluate differences across
conditions in the number of groups or the number of speak-
ers per group based on listeners’ sexual orientation. Results,
although trending toward a greater number of groups created
by queer listeners, revealed no significant differences across
conditions in the number of groups or the number of speak-
ers per group between straight and queer listeners, F(4, 234)
=2.3, p=0.06; Wilks’ A =0.93.

B. Multidimensional scaling solutions

Scree plots for the general similarity-same sentence,
general similarity-different sentence, and gender identity-
same sentence conditions are presented in Fig. 1.

For the general similarity-same sentence and general
similarity-different sentence conditions, a clear elbow
formed at 2 dimensions, and so 2-dimensional solutions
were chosen as the best fit for the data. The MDS analyses
were then re-run using the same analysis parameters except
for specifying only 2 dimensions. These 2-dimensional solu-
tions resulted in an S-Stress value of 0.06 and Dispersion
Accounted For of 0.97 for both the general similarity-same
sentence and general similarity-different sentence condi-
tions. For the gender identity-same sentence condition, the
addition of dimensions beyond 1 increased stress and,
hence, variance unaccounted for. Thus, a 1-dimensional
solution was selected as the best fit for the data. This solu-
tion produced an S-Stress value of 0.001 and Dispersion
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FIG. 1. Scree plots of multidimensional scaling solutions for the (A) gen-
eral similarity-same sentence, (B) general similarity-different sentence, and
(C) gender identity-same sentence conditions.

Accounted For of 0.99. The MDS solutions for each free
classification condition are shown in Fig. 2.

C. Interpretation of identified dimensions

Examination of Fig. 2 demonstrates a gradient rather
than discrete and binary organization of speakers. For each
MDS solution presented in Fig. 2, Pearson correlation coef-
ficients were used to assess relations between each speaker’s
coordinates and the acoustic-phonetic measures of f;,, CPPs,
formant frequencies, and prototypicality indices. Spearman
rank correlation coefficients were used to assess relations
between MDS coordinates and the auditory-perceptual mea-
sures of Breathy voice/Full voice, Clear/Hoarse, Definitely
male/Definitely female, Insufficiently nasal/Excessively
nasal, I like this voice/I do not like this voice, Monotonous/
Animated, Slow rate/Rapid rate, Unforced/Effortful, Very
masculine/Very feminine, and Young/Old. Second and third
formant frequencies demonstrated high multicollinearity
with first formant frequency as determined by demonstrating
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FIG. 2. (Color online) Multidimensional scaling solutions for the (A) gen-
eral similarity-same sentence, (B) general similarity-different sentence, and
(C) gender identity-same sentence conditions. CM: Cisgender Man, CW:
Cisgender Woman, TA: Transgender Agender, TM: Transgender Man,
TNB: Transgender Non-binary, TW: Transgender Woman. A color image
is available online.

variance inflation factors 25.64 They were, therefore,
removed from analyses and only first formant frequency and
its prototypicality index (PI:SF1) was used in the interpreta-
tion of MDS solutions. Similarly, auditory-perceptual rat-
ings of Definitely male/Definitely female demonstrated high
multicollinearity (>5) with auditory-perceptual ratings of
Very masculine/Very feminine. Definitely male/Definitely
female was, therefore, also removed from analyses and only
Very masculine/Very feminine was used in interpretation of
MDS solutions. All other acoustic and auditory-perceptual
measures demonstrated variance inflation factors of <35.
Significant correlations between dimension coordinates and
acoustic-phonetic, auditory-perceptual, and prototypicality
indices measures for each free classification condition are
reported in Tables IV=VI. All correlations between these
measures are provided in the supplementary material.”®
Dimension 1 was similar for the general similarity-
same sentence, general similarity-different sentence, and
gender identity-same sentence conditions. Fundamental fre-
quency and first formant frequency were both strongly cor-
related with Dimension 1 across conditions. Very
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TABLE 1IV. Significant correlations between multidimensional scaling
coordinates and acoustic-phonetic, auditory-perceptual, and prototypicality
measures for the general similarity-same sentence condition. For measures
that correlated with both dimensions, the r value for the dimension with the
greater magnitude is bolded. f,: fundamental frequency, PLf,: prototypical-
ity index for f,, PI:SF1: prototypicality index for first formant frequency,
SF1: first formant frequency, VSA: vowel space area.

Dimension 1 Dimension 2

Variable r Variable r
Very masculine/ —0.88" PLf, -0.56"
very feminine
fo -0.76" PL:SF1 —0.56"
SF1 —0.66" Monotonous/animated 0.42°
Young/Old 0.35° VSA 0.36"
VSA —0.29° Young/Old 0.3°

I like this voice/ -0.3°

I do not like this voice
fo 0.27°

“Correlation is significant at the 0.01 level.
®Correlation is significant at the 0.05 level.

Masculine/Very Feminine, a perceptual feature strongly tied
to these acoustic measures,”® also strongly related to this
dimension. Moreover, strong correlations were found for the
MDS coordinates of dimension 1 between the general
similarity-same sentence and general similarity-different
sentence conditions (r=0.9, p <0.001), between the gen-
eral similarity-same sentence and gender identity-same sen-
tence conditions (r=0.98, p<0.001) and between the
general similarity-different sentence and gender identity-
same sentence conditions (r=0.9, p <0.001). Therefore,
dimension 1 was interpreted as perceived masculinity/femi-
ninity for all conditions. This dimension appears to progress
from high to low frequencies, with speakers tending to have
[, and first formant frequency within an intermediate range
clustering toward the central portion of this dimension.
Dimension 2 in the general similarity-same sentence
and general-similarity-different conditions was also simi-
lar. Dimension 2 coordinates of both conditions moderately
correlated with f, and first formant prototypicality indices.

TABLE V. Significant correlations between multidimensional scaling coor-
dinates and acoustic-phonetic, auditory-perceptual, and prototypicality mea-
sures for the general similarity-different sentence condition. For measures
that correlated with both dimensions, the r value for the dimension with the
greater magnitude is bolded. f,: fundamental frequency, PLf,: prototypical-
ity index for f,, PI:SF1: prototypicality index for first formant frequency,
SF1: first formant frequency, VSA: vowel space area.

Dimension 1 Dimension 2

Variable r Variable r
Very Masculine/ —0.84" PI:SF1 —0.55"
Very Feminine

fo -0.73* PLf, -0.37%
SF1 -0.59* VSA 0.28"
VSA —0.3°

“Correlation is significant at the 0.01 level.
PCorrelation is significant at the 0.05 level.
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TABLE VI. Significant correlations between multidimensional scaling
coordinates and acoustic-phonetic, auditory-perceptual, and prototypicality
measures for the gender identity-same sentence condition. f,: fundamental
frequency, SF1: first formant frequency, VSA: vowel space area.

Dimension 1

Variable r
Very masculine/very feminine -0.97*
fs -0.79*
SF1 -0.67*
Young/Old 0.38"
VSA -0.3°

Correlation is significant at the 0.01 level.
PCorrelation is significant at the 0.05 level.

As with Dimension 1, speakers appear to be organized within
dimension 2 based on f,, and first formant frequency. However,
the manner with which f;, and first formant frequency was used
as an organizational strategy differed between the two dimen-
sions. Speakers with f, and first formant values at the lower
and upper extremes of the stimulus set (i.e., those who had
larger prototypicality indices values) tended to separate along
the y axis from speakers with f, and first formant values at
intermediate values (i.e., those who had smaller prototypicality
indices values). Similar to dimension 1, a strong correlation
was also found between the MDS coordinates of dimension 2
for the two conditions (r = 0.84, p < 0.001). Dimension 2 was,
therefore, interpreted as gender prototypicality for both condi-
tions. Notably, both dimensions 1 and 2 demonstrated a gradi-
ent organization of speakers that spanned the two dimensions.

D. INDSCAL analyses

The relative weightings of dimensions 1 and 2 for the gen-
eral similarity-same sentence and general similarity-different
sentence free classification conditions for all listeners com-
bined were calculated using INDSCAL. Independent samples ¢
tests were conducted to compare the means of the weightings
for dimensions 1 and 2 in each of the two conditions. There
were no significant differences between dimension 1 and
dimension 2 weightings for both the general similarity-same
sentence, #(82) = 1.8, p = 0.08, and general similarity-different
sentence, #(78) = 0.75, p = 0.46, conditions.

We also compared MDS dimension weightings for listen-
ers who were coded as straight versus listeners who were coded
as queer using INDSCAL. There were no differences between
straight and queer listeners in the number of dimensions identi-
fied or in the relative weightings of dimensions 1 and 2 for the
general similarity-same sentence and general similarity-
different sentence free classification tasks [#(40)=0.32,
p=0.75, and 1(39) = 1.3, p = 0.2, respectively].

IV. DISCUSSION

This study used auditory free classification to investi-
gate listeners’ organizational schema for speakers who rep-
resented a variety of gender identities. We found that, based
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on the distribution of speakers along identified perceptual
dimensions and acoustic and auditory-perceptual correlates,
listeners used gradient representations of masculinity/femi-
ninity and gender prototypicality as the primary organizing
factors in classifying speakers. These representations
emerged even without specifically referencing gender in the
instructions provided to them. These findings align with
prior free classification studies that have found a salient
“gender” dimension when listeners were presented with
stimuli from cisgender speakers representing a range of
regional dialects or second language accents and tasked with
grouping them by general similarity or dialect.®’ #4445
Previous studies have generally described the gender dimen-
sion in a binary fashion (e.g., women on one half of a MDS
solution and men on the other half). Our data, however, indi-
cate that these binary interpretations of gender may have
been reductionist and overlooked listeners’ finer discrimina-
tion that we present here. Nonetheless, the fact that listeners
use gender-related features as a key organizational strategy
demonstrates the perceptual salience of gender information
in speech. In line with exemplar or hybrid models, listeners
may condition retrieval of linguistic units on structured vari-
ation seen across differing gender expressions. Such condi-
tioning would provide structure to the highly variable
acoustic signal and lessen the cognitive demands of parsing
speech.®® Our findings demonstrate that, even with a diverse
set of speakers who represent a variety of gender identities,
cisgender listeners still map these voices to a perceptual
schema of masculinity/femininity and gender prototypicality
that may serve as a preliminary estimation of structured
acoustic variation.’

Our findings that listeners use a multidimensional
schema in evaluating speaker gender is contrary to many
assumptions of a binary categorical gender representa-
tion.>*” MDS analyses revealed two-dimensional solutions,
in which listeners demonstrated gradient organization of
speakers for each dimension, as the best fit for free classifi-
cations when listeners were instructed to group speakers by
general similarity. The first dimension was interpreted as
masculinity/femininity, where listeners organized speakers
from high to low f, and first formant frequency. The second
was interpreted as gender prototypicality, where listeners
separated speakers with f, and first formant frequency at
upper and lower extreme values (prototypical) from more
intermediate values (non-prototypical). Even when listeners
were instructed to group speakers based on attributed gen-
der, most listeners created more than two groups, with some
listeners creating as many as seven separate groupings.

For both general similarity-same sentence and general
similarity-different sentence conditions, MDS analyses dem-
onstrated that masculinity/femininity and gender prototypi-
cality were similarly weighted in listeners’ organizational
schema. This multidimensional representation suggests that
during speech perception listeners engage in a more fine-
grained analysis of speaker gender than has generally been
assumed by prior research. This greater perceptual detail
cannot be adequately captured by the binary categories that
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have historically been used in speech communication
research. Rather, these results align with prior findings dem-
onstrating finer discrimination of speakers within man and
woman categories® and a non-binary representation of gen-
der.?” Research that aims to distinguish speech differences
among gender identities and listeners’ attribution of gender
should, therefore, consider this multidimensional complex-
ity in how speakers are classified and which response
options are provided to listeners.

Listeners’ classifications were influenced both by
investigator-provided instructions and characteristics of the
stimulus set. Explicitly directing listeners to attend to
speaker gender in the gender identity-same sentence condi-
tion resulted in fewer perceptual distinctions among speak-
ers, as evidenced by the collapse of listeners’ classifications
into a simplified, one-dimensional space in the MDS solu-
tion and many fewer perceptual groupings. Hence, the effect
of instruction significantly altered listeners’ organizational
structure and demonstrated that measured representation of
speaker gender may considerably vary as a function of
experimental conditions. Allowing free classification by
general similarity revealed a much more complex organiza-
tional structure and provided richer data on representation
than was demonstrated in the gender identity condition. Of
course, in the general similarity conditions, listeners may
have also been creating groups based on other indexical
characteristics, such as age, although these did not appear to
be consistent enough to appear in the MDS solutions.
Similar to our findings, Atagi and Bent’’ observed a gender
dimension when listeners grouped second language speakers
of English by general similarity, particularly when all talk-
ers produced the same sentence. However, the salience of
gender diminished in conditions in which listeners were
instructed to group talkers by first language. Thus, gender-
related dimensions appear to be highly salient to listeners
across a range of stimulus sets, although their prominence
can be attenuated when listeners are explicitly instructed to
attend to other indexical features.

By using gender-related terms in the provided instruc-
tions, listeners may have been biased a priori by stereotypes
based on the gender binary, which resulted in a more simpli-
fied schema. Explicit reference to “gender” in the gender
identity condition may have activated these stereotypes and
guided listeners’ classifications.®® The simplified schema
obtained from the gender identity condition may, thus, rep-
resent a distorted characterization of gender representation
that is based on these stereotypes rather than listeners’ true
cognitive organization of these speakers. Overall, these data
demonstrate subtle nuance in perceptual representation of
speaker gender that may have been obscured in prior
research by paradigms that explicitly focused listeners’
attention to gender-related terminology.

Although the general similarity-same sentence and gen-
eral similarity-different sentence conditions were similar in
terms of their underlying acoustic and auditory-perceptual
correlates and interpretations, some notable differences
between the two conditions were seen. Fewer auditory-
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perceptual features correlated with the MDS solution for the
different sentence condition as compared to the same sen-
tence condition. Auditory-perceptual variables of Young/
Old, Monotonous/Animated, and I like this voice/I do not
like this voice did not demonstrate the significant relations
with the MDS solution for the general similarity-different
sentence condition that they did with the general similarity-
same sentence condition. These findings indicate that listen-
ers’ perceptual systems may have been taxed by evaluating
multiple indexical dimensions in the presence of greater
phonemic and lexical variability. The greater cognitive
demands of parsing differing sentences among the speakers
would, thus, result in listeners attending to fewer indexical
features when organizing speakers along the two dimen-
sions. The fact that the gender related features were the only
correlates of the MDS solution for the different sentence
condition suggests that they became more pronounced at the
expense of other indexical features in listeners’ classifica-
tions when cognitive demands increased. Although addi-
tional research is needed to confirm this hypothesis, these
results point to linguistic and indexical dimensions as being
processed in a mutually dependent manner and that variabil-
ity along one dimension may affect processing of the
other.®’

These findings also provide insight into speech adapta-
tion. A central question in the study of speech processing
and representation is how listeners contend with the vast
acoustic variability that exists across speakers. Numerous
studies suggest listeners retain detailed acoustic information
about speakers in long-term memory that allows them to
track similarities across social groups, such as gen-
der. #4398 | jsteners can then use these perceptual models
to make inferences about novel speakers.”! The fact that lis-
teners in this study demonstrated a non-categorical represen-
tation of gender implies that they must retain information
about speakers that allows them to scale gender in a multi-
valent manner. This nuanced representation suggests that
listeners may develop more expansive or numerous models
of speaker gender that underlie their perceptual organiza-
tion. These models move beyond the gender binary organi-
zation often assumed in speech communication research
and, importantly, suggest that listeners leverage structured
acoustic variability that differentiates speakers of diverse
gender identities to inform perceptual representation of
speech, 610133455

Although our data cannot explain sow listeners develop
and refine their perceptual schemas of speaker gender, a
likely source of the nuanced representation we found here is
listener experience. As described by the ideal adaptor frame-
work,?*?! listeners’ experiences may allow them to continu-
ally update their models for speaker gender. Through social
networks, media, political involvement, and other types of
exposure, listeners’ representations of speaker gender and
the meaningful ways that speech may vary because of gen-
der diversity evolve. This malleability of speech representa-
tion may allow expansion of current or development of new
representations of gender that could facilitate adaptation to
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novel speakers and, thus, listeners’ ability to perceptually
adapt to changing sociocultural landscapes. Notably, none
of our listeners indicated that their immediate social net-
works were inclusive of individuals who are transgender.
This fact may, in part, explain why listeners’ representation,
although multidimensional, was still binary in some ways
(e.g., speakers were categorized generally from feminine to
masculine and from less prototypical to more prototypical).
Cisgender listeners who have greater gender diversity within
their social networks may develop an even more nuanced
representation of speaker gender. Future studies should con-
sider how listeners’ exposure to individuals with diverse
gender identities beyond their immediate social networks
may impact their gender classification. For example, survey
questions could be developed to probe listeners’ interactions
with individuals in their wider social circles as well as
through media sources (e.g., TV, podcasts, social media).
Similarly, listeners who are not cisgender may have greater
exposure to individuals whose speech characteristics do not
necessarily align with prototypical cisgender men and
women. Consequently, their perceptual representation of
speaker gender may have greater dimensionality as com-
pared to cisgender listeners. Future studies are recom-
mended to investigate these hypotheses.

While our findings help to clarify the perceptual repre-
sentation of speaker gender, some limitations of this study
should be considered for future work. Our stimulus pool was
limited in the number of speakers of diverse gender identi-
ties who were represented. The majority of our transgender
speaker participants identified as non-binary and only a sin-
gle speaker identified as agender. Having a greater number
of transgender speakers, particularly transgender men, trans-
gender women and agender individuals, may reveal addi-
tional nuance in how listeners perceptually organize these
diverse voices. Additional speakers would also allow for a
more robust characterization of speech acoustic distinctions
among varying gender identities.

Speakers’ experiences with gender expression may
have also influenced our findings. For example, we did not
document speaker participants’ history of gender affirming
speech therapy that may have influenced listeners’ percep-
tual judgements. Future work could seek to compare produc-
tion and perceptual differences between transgender
speakers with and without histories of formal communica-
tion training to assess the impact such training may have.
For instance, transgender women who have undergone for-
mal speech therapy tend to produce higher speaking £, %~
more f, variation,”®’" and higher formant frequencies’*"”
than those who have not.

Additionally, the fact that one of the identified dimen-
sions in the MDS solutions represented masculinity/feminin-
ity is puzzling given that constructs of masculinity and
femininity have been argued to be separate dimensions.”® A
potential explanation for this discrepancy may be in our
choice of a single rating scale and anchor terms used to
collect auditory-perceptual measurements of masculinity/
femininity. Houle er al.>® found that varying anchor terms
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along a visual analog scale systematically altered listeners
responses. Thus, our decision to utilize a single scale for
masculinity/femininity with two end points and the termi-
nology we used as anchors along the scale may have limited
listeners’ ability to evaluate each of these dimensions inde-
pendently during the auditory-perceptual rating task. Future
work may improve on these methods by eliciting separate
ratings of masculinity and femininity from listeners.

Last, although the racial and ethnic representation of
participants in our study was representative of the U.S.
Midwest where the research was conducted,”® participants
were all monolingual American English individuals with
largely non-Hispanic white identities. Because acoustic fea-
tures that distinguish speakers of varying gender identities
may vary across languages and cultures,”””’” the lack of
diversity in our participant pool may prevent a true represen-
tation of the experiences of many speakers and listeners.
Thus, studies that recruit speakers and listeners from diverse
linguistic communities and backgrounds could provide
insight into cultural linguistic factors that may influence per-
ceptual representation of speaker gender.

V. CONCLUSION

Cisgender listeners’ perceptual representation of
speaker gender was found to operate within a multidimen-
sional space and in a gradient manner based on organizing
factors of masculinity/femininity and gender prototypicality.
Listeners appear to engage in fine-grained analyses of
speaker gender that cannot be adequately captured by a gen-
der dichotomy. Assumptions of a gender binary in the study
of speech communication may, thus, require a critical re-
examination to accommodate this multidimensional and gra-
dient representation. Furthermore, the instructions provided
from experimenters and characteristics of the stimulus set
influenced listeners’ categorizations and should be consid-
ered in future studies examining gender attribution.
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