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Abstract: Voice is a highly salient and complex signal that people use to categorize another’s gender. For 
transmasculine individuals seeking to align their gender expression with their gender identity, vocal presentation 
is a major concern. Voice-gender incongruence, where one’s voice does not match their gender identity, can lead 
to vocal strain, fatigue, emotional distress, and increased risk of suicidality. Testosterone therapy, which uses 
exogenous testosterone to masculinize or androgynize the voice and other secondary sexual characteristics in 
individuals assigned female at birth, is one method to address this issue. However, many individuals remain 
dissatisfied with their voice post therapy, indicating that hormonal voice modification is a complex process not 
fully understood. In the present study, we use unmodified voice samples from 30 transmasculine individuals 
undergoing testosterone therapy and utilized multivariate analysis to determine the relative and combined ef
fects of four acoustic parameters on two measures of gender perception. The results show that transmasculine 
individuals’ speech is perceived as equally “masculine” as that of cisgender males, with both groups being 
statistically categorized as male at similar rates. Although mean fundamental frequency and formant-estimated 
vocal tract length together account for a significant portion of the variance in gender perceptions, a substantial 
amount of variance in gender perception remains unexplained. Understanding the acoustic and sociolinguistic 
factors that contribute to masculine voice presentation can lead to more informed and individualized care for 
transmasculine individuals experiencing voice-gender incongruence and considering testosterone therapy. For 
this population, addressing voice-gender incongruence has important implications for life satisfaction, quality 
of life, and self-esteem. 
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INTRODUCTION 
Voice is one highly marked cue that people use to cate
gorize another’s gender.1 For some transgender people 
seeking to align their gender expression with their gender 
identity or identities, concern around vocal gender pre
sentation becomes especially salient. Voice is a concern 
reported by 79%-95% of transmasculine individuals,2,3 and 
is rated lowest in satisfaction and with the highest desire for 
change among nine gendered traits.4 Among the trans
gender population, having a voice that does not align with 
one’s goals for expressing their gender identity, known as 
voice-gender incongruence, elevates the risk of vocal strain 
and fatigue5,6 and emotional distress.7-10 Among trans
gender men in particular, having a gender-congruent voice 
predicts greater well-being in the form of decreased anxiety 
and depression along with higher life satisfaction, quality 

of life, and self-esteem11—improvements that are especially 
important for this vulnerable population.12 

Gender-affirming testosterone-based hormone therapy, 
hereafter referred to as testosterone therapy, is one ap
proach to managing voice-gender incongruence in trans
masculine individuals. “Transmasculine” encompasses a 
broad range of gender identities, including transgender 
men and non-binary individuals who lean toward a mas
culine presentation and/or gender. Testosterone therapy 
entails the use of exogenous testosterone administration to 
masculinize or androgynize the voice and other secondary 
sexual characteristics. In testosterone therapy, testosterone 
is regularly administered via intramuscular or sub
cutaneous injections, transdermally using gel or patches, or 
less commonly, via implanted pellets.13 Testosterone is 
thought to alter the voice by causing several structural 
changes in the larynx, vocal folds, and vocal tract. In ty
pical male cisgender pubertal development, the laryngeal 
cartilages and vocal folds lengthen and thicken.14-18 As in 
cisgender males, these same structural changes are thought 
to cause the lowered fundamental frequency (fo) and per
ceived pitch that accompany testosterone therapy in 
transgender men.19 Research among transgender men un
dergoing testosterone therapy suggests that mean fo 

changes substantially in the first 6 to 20 weeks of 
therapy,6,19-22 and many studies focus primarily on mean fo 

as a means of measuring the efficacy of testosterone 
therapy (eg,23-25). Testosterone is also thought to lengthen 
the vocal tract, which results in lowered formant fre
quencies in postpubertal cisgender men.18 Preliminary 
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research hints that testosterone may nudge vocal tract 
lengthening in transmasculine individuals as well4,19; how
ever, more research is needed. 

Differences in mean fo and formants have been found to 
jointly influence the listener’s perception of speaker gender 
among transgender and cisgender women,26-28 but research 
is sparse regarding how formant frequencies affect per
ceived vocal gender of transmasculine speakers specifically. 
A notable exception is Groll et al,29 who employed speech 
resynthesis to isolate the effects of specific acoustic char
acteristics (mean fo, fo contour, and formants) on the per
ception of gender in three transmasculine speakers sampled 
before and after initiation of testosterone therapy. 

In the present study, we build on this work by using 
unmodified voice samples from 30 transmasculine in
dividuals undergoing testosterone therapy and utilize 
multivariate analysis to determine the relative and com
bined effects of four acoustic parameters (mean fo, fo-SD, 
formant-estimated VTL, and cepstral peak prominence) on 
two measures of gender perception (ie, a continuous femi
ninity-masculinity scale and male categorization fre
quency). Therefore, the first goal of this research is to 
quantify the amount of variance in vocal perception of 
gender explained by mean fo and formant-estimated VTL, 
as well as to assess how much variance remains un
explained. Like Groll et al (2021), we expect that mean fo 

will most impact gender perception, explaining a large 
majority of the variance in vocal perception of gender. A 
second goal is to compare raters’ perception of gender for 
transmasculine voice samples with those of cisgender men 
and women to determine if the vowel segments of trans
masculine people on testosterone therapy are, on average, 
perceived as masculine and identified as male-gendered 
based on their speech. 

Although mean fo and formant-estimated VTL have re
ceived the most attention, many other acoustic variables 
have been linked with gender perceptions (eg, Papeleu 
et al30; Leung et al, 201831; Zimman, 201732). Two of these, 
fo variation (fo-SD) and cepstral peak prominence (CPP), 
are investigated in the current study. One study showed 
that fo variation was significantly lower in transgender men 
than cisgender women4; however, it is still unclear whether 
fo variation explains any additional variation in perception 
of gender beyond its association with fo. CPP is used pri
marily as an indicator of dysphonia severity and is parti
cularly related to the perception of breathiness.33 CPP may 
be relevant to gender-affirming voice care because 
breathiness is perceived to be a more feminine voice quality 
in both transgender and cisgender women (Gorham- 
Rowan and Morris34; Södersten et al35). Therefore, a third 
goal of this research is to explore if there is a significant 
difference in fo variation and CPP between transmasculine 
speakers on testosterone and cisgender male speakers, and 
if these parameters explain significant variance in percep
tion of gender. If so, it would suggest that these and other 
acoustic or sociolinguistic variables may be additional 

targets prioritized in gender-affirming voice care for 
transmasculine individuals. 

METHODS 
Participants 
Vocal data were obtained from three participant groups: 
transmasculine people assigned female at birth, cisgender 
men, and cisgender women. For transmasculine partici
pants, the present study used existing acoustic and phy
siological data from Hodges-Simeon et al4 in which 30 
transmasculine participants on testosterone therapy were 
recruited via Boston-area community health and 
LGBTQIA+ organizations. Participants ranged from age 
18 to 50 (mean: 25.9 years  ±  5.2) with no history of speech, 
language, hearing, or neurological disorders, and were 
speakers of General American English as a primary lan
guage. All were currently undergoing hormone replacement 
therapy with T for at least 9 months (Mmonths = 41.50, 
SD = 25.45). Four transmasculine participants self-identi
fied as nonbinary and 26 participants self-identified as men. 
All were taking T for the purposes of masculinization. 
However, we did not ask participants about their ultimate 
goals, so we cannot determine where they aimed for their 
vocal presentation to fall on the continuums of masculinity 
and androgyny. Voice samples from 15 cisgender male and 
15 cisgender female similar-aged participants were included 
for a total of 60 voice samples (cis-male age mean: 23.0 
years  ±  2.2; cis-female age mean: 22.6 years  ±  2.8). 

Voice analysis 
Speakers were asked to use their normal speaking voice to 
produce the following vowels: /ε/ /i/ /ɒ/ /oʊ͡/ /u/. Voice 
samples were collected in a quiet room using an Audio- 
Technica AT4041 Cardioid Condenser Microphone con
nected to a Focusrite Scarlett 2i2 audio interface. For 
formant-estimated VTL, estimates from Hodges-Simeon 
et al4 were used. A summary of these procedures is pro
vided here; however, see Hodges-Simeon et al4 for more 
detail. Praat was employed to generate a wide-band spec
trogram from the acoustic signal. Subsequently, the stan
dard formant tracking software within Praat was used to 
compute the initial four formants. For each vowel, the 
automated formants were subjected to visual inspection, 
and the tracking software settings were adjusted until the 
formants matched the spectral representation of the signal. 
Formant values were derived from the stable central por
tion of each vowel. The third (F3) and fourth (F4) formant 
values for each participant were obtained by averaging the 
values from both vowels. These formant values were then 
used to compute estimates of VTL based on the following 
equation36,37: 

= ×
×

n c
f

VTL
(2 1)

4 n (1)  
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We used previous analyses of mean fo and fo variation 
(fo-SD) from vowel sounds.4 We also manually calculated 
mean fo and fo-SD from the Rainbow Passage in Praat 
version 6.1.40 by adjusting pitch range, voicing threshold, 
and cropping the remaining mistrackings such as those 
caused by vocal fry.38 Regardless of which specific mea
sures we used, the findings were nearly identical. Never
theless, we report slightly updated numbers for mean fo and 
fo-SD in this paper. Second, fo-SD was calculated in both 
Hz and semitones (ST). The Hz-to-ST conversion was 
calculated using the following formula based on fo-SD 
values calculated in Hz. 

= ×
f

f
ST (39.86) log

reference
o

o
10

The results in ST are used for the present analyses in
stead of Hz due to the logarithmic nature of ST reflecting 
the logarithmic perception of tones by humans. 

Praat default settings were used to calculate CPP with 
the exception of the values “Time averaging window 
(s):” and “Quefrency averaging window (s)”, which were 
set as 0.01 and 0.001, respectively. 

Vocal perception of gender ratings 
Vocal perception of gender ratings were collected from 157 
listeners with no history of speech, language, hearing, or 
neurological disorders who were speakers of General 
American English as a primary language. Of these 157 
participants, 81 self-identified as male, 74 as female, 1 as 
nonbinary, and 1 selected “prefer not to say”. These par
ticipants were recruited via Amazon Mechanical Turk to 
complete a survey on voice and impression formation on 
Qualtrics. Participants were asked to use headphones for 
the duration of the study. After completing a sound check, 
raters were asked to listen to voices and rate them on a 
sliding visual-analog scale from “very feminine” (−100) to 
“very masculine” (+100), where “feminine” was described 
as “having qualities or an appearance traditionally asso
ciated with women,” and “masculine” as “having qualities 
or appearance traditionally associated with men.” Zero was 
designated as “neutral.” Listeners rated all 60 voice sam
ples. Ratings were averaged for each type of speech stimuli 
to estimate vocal perception of gender on a continuum 
(Cronbach’s alpha = 0.86) where higher values are char
acterized as “more masculine.” Listeners then categorized 
the gender of each voice sample given the discrete, cate
gorical choices “Female,” “Male,” and “I don’t know.” 
Similar to Gelfer and Schofield,39 we used two different 
metrics—the first rating vocal perception of gender via a 
continuum, and the second forcing a categorical binary 
choice to describe vocal perception of gender—to capture 
the nuance in gendering voice (ie, a voice categorized as 
“female” may still sound “more masculine”). Categorical 
responses from raters were then used to calculate a con
tinuous variable—the percentage of raters who categorized 

each voice as male (referred to as “male categoriza
tion” below). 

Analytic strategy 
Our first goal was to compare mean vocal perception of 
gender and male categorization percentage between trans
masculine, cisgender male, and cisgender female speakers. 
Because vocal perception of gender is expected to be bi
modal clustering around cisgender male and female means, 
we used a nonparametric Kruskal-Wallis H test to assess 
mean differences. We also compared mean differences in 
CPP for each of the three groups using Analysis of variance 
(ANOVA). Second, using multiple regression analysis, we 
assessed the association between vocal perception of gender 
measures and acoustic measures. Zero-order correlations 
were conducted between vocal perception of gender and 
speech parameters (mean fo, fo-SD, formant-estimated 
VTL, and CPP). Two multiple linear regression analyses 
were conducted with vocal perception of gender ratings and 
the percent of raters choosing the male categorization as 
the dependent variables. fo, fo-SD, formant-estimated VTL, 
and CPP were simultaneously entered as predictors. The 
significance level was set at α = 0.05. Multiple regression 
analysis allows us to determine which acoustic measures 
explain significant variance in vocal perception of gender, 
compare the amount of variance explained by each voice 
parameter (using R2 as a measure of effect size), and how 
much variation in vocal perception of gender is left un
explained by our four voice characteristics. 

RESULTS 
How does vocal perception of gender of 
transmasculine speakers compare to vocal 
perception of gender of cisgender male and female 
speakers? 
A Kruskal-Wallis test showed a significant effect of group 
on vocal perception of gender [H(2) = 37.2, P  <  0.001] and 
male categorization [H(2) = 36.0, P  <  0.001]. Pairwise 
comparisons (corrected using Bonferroni) showed that 
transmasculine speakers were significantly higher (ie, more 
masculine-sounding) than cisgender female speakers 
(P  <  0.001), but slightly lower than cisgender male 
speakers (P = 0.075). The percent of individuals categorized 
as “male” was not significantly different between trans
masculine and cisgender male speakers (P = 0.16), but both 
groups were significantly more likely to be categorized as 
male than cisgender females (P  <  0.001). See Figure 1 for 
visual comparisons of the three groups and Table 1 for 
descriptive statistics. 

Do CPP values differ between transmasculine and 
cisgender speakers? 
A univariate ANOVA showed no significant effect of group 
for CPP [F(2, 59) = 2.44, P = 0.10]. 
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How much variance in vocal perception of gender 
and male categorization percentage is explained by 
mean fo and formant-estimated VTL? 
As a first step, correlations between vocal perception of 
gender, male categorization, and acoustic parameters were 
computed for the full sample. Perception of gender was 
significantly correlated bivariately with mean fo, formant- 
estimated VTL, and fo-SD, as well as CPP (Table 2). 

To understand which of these speech parameters are 
most important to masculine gender perception, we con
ducted a simultaneous multiple regression predicting vocal 

perception of gender with mean fo, formant-estimated 
VTL, fo-SD, and CPP. The model explained 86% of the 
variance in perception of gender (R2 = 0.86), with mean fo 

being the most important predictor and formant-estimated 
VTL the second strongest predictor (Table 2). That is, in 
the full sample, mean fo explained 675.6% of the variance in 
perception of gender (β = mean-0.81), whereas VTL ex
plained only 3.6% of the variance (β = 0.19). fo-SD and 
CPP did not contribute any additional variance to the 
model with mean fo and formant-estimated VTL included. 
In other words, the significant bivariate correlations 

FIGURE 1. Comparison of cisgender female (CF), cisgender male (CM), and transmasculine (TM) speakers for vocal perception of 
gender and male categorization. 
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between vocal perception of gender and fo-SD and CPP 
were a product of their significant correlations with mean fo 

(rs = −0.59 and 0.31, respectively). When mean fo is in
cluded in the same model with fo-SD and CPP, the latter 
two variables showed no significant association with per
ception of gender. 

We also conducted the same model again, limiting the 
sample to transmasculine participants only. The results 
were similar to those of the full sample (Table 2, Model 2) 
in that mean fo and formant-estimated VTL explained 
significant amounts of variation in perception of gender; 
however, the two variables only explained 44% of the 
variation overall. In this model, mean fo explained 23% of 
the variance in perception of gender (β = −.48), whereas 
VTL explained 14.4% of the variance (β = 0.38). 

We conducted parallel models predicting male categor
ization percentage for the entire sample and transmasculine 
participants only. The beta values and t statistics for these 
models were largely indistinguishable from the models 

predicting vocal perception of gender; therefore, only the 
latter results are presented in Table 2. 

DISCUSSION 
The primary goals of the present research were to 1) 
compare vocal perception of gender between transmascu
line people, cisgender males, and cisgender females; and 2) 
to identify the acoustic parameters that contribute to vocal 
perception of gender. We assessed gender perceptions in 
two ways: a continuous scale ranging from feminine to 
masculine, and a forced-choice categorization (male, fe
male, or don’t know). These produced largely identical 
results, which showed that, to the naive listener, trans
masculine individuals’ speech is equally “masculine- 
sounding” as cisgender males and that the two groups are 
statistically categorized as male at equal rates. In addition, 
mean fo and formant-estimated VTL together explained a 
substantial amount of variance in gender perceptions. 

TABLE 1.  
Descriptive Statistics for Speech Characteristics: Mean ( ± SD) and Range       

Transmasculine Cisgender male Cisgender female  

Vocal perception of gender 35.7−( ± 23.9) 
−24-65 

54.5−( ± 23.2) 
−15-73 

−49.5−( ± 18.6) 
−64-6 

Percentage male categorization 83−( ± 20.7) 
18-100 

92.−( ± 16.7) 
33-100 

9-6 ( ± 14.7) 
2-61 

Mean fo (Hz) 114.8−( ± 16.0) 
92.9-144.3 

112.3−(18.7) 
91.2-154.4 

191.2 (−26.5) 
135.2-232.1 

fo-SD (ST) 2.−( ± 0.5) 
1.2-3.4 

1.−( ± 0.2) 
1.4-1.9 

1.−( ± 0.6) 
0.9-3.8 

Formant-estimated VTL (cm) 15-7 ( ± 0.8) 
14-17 

16-6 ( ± 0.6) 
15-17 

15-1 ( ± 0.7) 
14-17 

CPP 6.0 ( ± 0.8) 6.1 ( ± 0.9) 6.6-( ± 1.2)  
4.3-7.8 4.9-7.8 5.3-10.2 

Notes: Vocal perception of gender scale ranges from −100 (feminine) to +100 (masculine). Mean fo and fo-SD were measured from the first sentence of the 
Rainbow Passage, numbers 1-10, and all vowels. Formant-estimated VTL was derived from the vowels /ε/ and /ɒ/.    

TABLE 2.  
Multiple Regression Models Predicting Vocal Perception of Gender from Speech Parameters         

Unstandardized β (Std. Error) Standardized β R2 t Statistic Zero-order correlation  

Model 1: Full sample (N = 58)   
fo −0.97 (0.09) −0.81 0.66 −11.91*** −0.91*** 
Formant-estimated VTL 9.99 (3.52) 0.19 0.04 2.88** 0.63*** 
fo-SD −3.04 (4.97) −0.03 0.00 −0.58 −0.04 
CPP −0.31 (2.64) −0.01 0.00 −0.13 −0.27* 

Model 2: Transmasculine only (N = 28)     
fo −0.73 (0.24) −0.48 0.23 −3.00** −0.59*** 
Formant-estimated VTL 11.13 (5.05) 0.38 0.14 2.21* 0.51** 
fo-SD 3.42 (7.26) 0.08 0.01 0.47 −0.17 
CPP −3.17 (4.44) −0.11 0.01 −0.71 −0.02 

Notes: *P ≤ 0.05 
**P ≤ 0.01 
***P ≤ 0.001 
†P = 0.06. 
R2 is included as a measure of effect size; when multiplied by 100, it gives the percent of variance explained by each predictor in the given model.    
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Using multiple regression, we examined the amount of 
variance in gender perception explained by each of four 
speech parameters (mean fo, fo-SD, formant-estimated 
VTL, and CPP). The results showed that mean fo explained 
the largest proportion of variance, suggesting that listeners 
weigh mean fo more heavily than other acoustic char
acteristics when making judgments of a speaker’s femi
ninity/masculinity and categorization of gender. This 
accords with previous research among transmasculine 
speakers,29 cisgender speakers,1 and transfeminine 
speakers,39,40 showing that mean fo has the largest effect on 
gender perception in all models. 

The present research also showed that formant-estimated 
VTL explains a significant amount of variation in gender 
perception, albeit less than mean fo. Interestingly, formant- 
estimated VTL explained a larger proportion of the var
iance in gender perception when the analyses were con
strained to transmasculine speakers only (14%) versus the 
full sample (4%). This may be explained by previous re
search using this sample, which showed that 23% of the 
transmasculine participants’ VTL fell outside of the cis
gender male range and that the average transmasculine 
VTL was significantly shorter than that of cisgender 
males.4 Several previous studies have also looked at the 
effects of formants on gender perception among trans
masculine men (eg,19,29). This research adds to this work by 
attempting to quantify the amount of variance explained 
by formant-estimated VTL compared with mean fo. 

One of the goals of this research was to determine if 
acoustic parameters aside from mean fo and formant-esti
mated VTL differ between transmasculine and cisgender 
male speakers and if these parameters contribute to per
ception of gender. Two other predictors (fo-SD and CPP) 
did not explain any unique variance in masculinity per
ceptions; however, future studies will require larger sample 
sizes to more comprehensively investigate how these and 
other acoustic or sociolinguistic variables, such as in
dividual formants,29 timbre,41 intonation,42 intensity, oral 
resonance, fo range variability, fo contour,29 or prosodic 
elements,43 contribute to vocal perception of gender and 
therefore could be additional targets prioritized in gender- 
affirming voice training. Given that mean fo and formant- 
estimated VTL together explained only 45% of the varia
tion in perception of gender among transmasculine 
speakers (but 79% in cisgender males), additional studies 
may illuminate which other variables explain the re
maining 55%. 

Current methods of masculinizing the voice, with tes
tosterone therapy being the most common,2,9,44,45 are less 
empirically explored in comparison to feminizing voice care 
practices.46 The high prevalence of vocal dissatisfaction 
even after testosterone therapy suggests hormonal voice 
modification is a complex multifactorial process that is not 
yet completely understood.6,23,25,47 This indicates the need 
for further research to determine what factors beyond 
lowering mean fo are implicated in the perception of a more 
masculine, feminine, or androgynous voice and gestalt 

gender presentation. Filling this gap in knowledge will 
allow more informed and individualized pathways of care 
for transmasculine individuals who 1) experience voice- 
gender incongruence and 2) are considering testosterone 
therapy, thus allowing them to achieve satisfaction with 
their voice through objective, evidence-based therapeutic 
goals. Identifying specific acoustic parameters associated 
with final voice satisfaction in transmasculine individuals 
can be used to determine earlier on in gender-affirming care 
if gender-affirming voice training may be of benefit in the 
future, and if so, what acoustic, pragmatic, and supraseg
mental aspects of speech to prioritize based on their goals. 

LIMITATIONS 
One important limitation of the present research is the 
small sample size, which included only 30 transmasculine, 
assigned female at birth speakers. Therefore, our results 
may only apply to transmasculine, assigned female at birth 
individuals who wish to masculinize their voice to some 
degree. Additionally, our results may not generalize to all 
transmasculine individuals’ gender expression targets nor 
to the broader array of gender-diverse individuals utilizing 
testosterone therapy. Future studies should aim to recruit a 
diverse group of transmasculine participants to capture the 
wide range of variation in vocal perception of gender goals 
in this population. A parallel goal would be to recruit a 
gender-diverse group of listeners as previous research has 
shown that listener characteristics may affect gender per
ception of voices (eg, Hancock et al47). An additional 
limitation of this research is that CPP is not paired with an 
additional measure to aid in its interpretation. CPP was 
chosen because of its previous association with gender and 
because of its value in assessing voice quality, for example, 
in a meta-analysis targeting 112 different measures of voice 
quality, Latoskek et al48 found that CPP was the most 
promising measure of breathiness. Nevertheless, future 
studies should examine CPP in conjunction with measures 
such as harmonics-to-noise ratio and low-to-high ratio (L/ 
H) when evaluating voice quality (ie, breathiness, rough
ness) as it relates to vocal perception of gender, which may 
reveal more significance of voice quality in vocal perception 
of gender that CPP alone cannot signal. 

Future studies should include additional acoustic mea
sures as this study does not present an exhaustive ex
amination of all measures of gender-relevant acoustic 
parameters. The aim of the present study was to target the 
most gender-relevant elements of speech acoustics (mean fo 

and formant-estimated VTL), adding two additional fac
tors that may explain additional variation in gender per
ceptions, for example, those related to prosody30,31,32), 
nonverbal aspects of communication,22 and language and 
syntactic choices related to social stereotypes about 
gender.46 

Finally, future studies could also target more ecologi
cally valid speech in everyday interactions. The isolation of 
vowels used in the present study provides scientific control 
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that is especially valuable for the estimation of vocal tract 
length; however, information about other aspects of nat
uralistic speech is unavailable in these samples. Intonation, 
in particular, involves variations in pitch, rhythm, and 
emphasis that listeners link with femininity or masculinity. 
Research suggests that these speech patterns are particu
larly relevant for transgender and nonbinary speakers, 
supporting the use of intonation exercises in gender-af
firming voice, speech, and communication training.49 

Declaration of Competing Interest 
None. 

References 
1. Whiteside SP. Identification of a speaker’s sex: a study of vowels. 

Percept Motor Skills. 1998;86:579–584. https://doi.org/10.2466/pms. 
1998.86.2.579. 

2. Azul D, Arnold A, Neuschaefer-Rube C. Do transmasculine 
speakers present with gender-related voice problems? Insights 
from a participant-centered mixed-methods study. J Speech Lang 
Hear Res. 2018;61:25–39. https://doi.org/10.1044/2017_JSLHR-S-16- 
0410. 

3. Kennedy E, Thibeault SL. Voice-gender incongruence and voice 
health information-seeking behaviors in the transgender community. 
Am J Speech-Lang Pathol. 2020;29:1563–1573. https://doi.org/10. 
1044/2020_AJSLP-19-00188. 

4. Hodges-Simeon CR, Grail G, Albert G, et al. Testosterone therapy 
masculinizes speech and gender presentation in transgender men. Sci 
Rep. 2021;11:3494. https://doi.org/10.1038/s41598-021-82134-2. 

5. Azul D, Nygren U, Sodersten M, Neuschaefer-Rube C. 
Transmasculine people’s voice function: a review of the currently 
available evidence. J Voice. 2017;31:261. 

6. Nygren U, Nordenskjold A, Arver S, Sodersten M. Effects on voice 
fundamental frequency and satisfaction with voice in trans men 
during testosterone treatment–a longitudinal study. J Voice. 
2016;30:766-e23–766-e34. 

7. Dhejne C, Van Vlerken R, Heylens G, Arcelus J. Mental health and 
gender dysphoria: a review of the literature. Int Rev Psychiatry. 
2016;28:44–57. https://doi.org/10.3109/09540261.2015.1115753. 

8. Hancock AB, Krissinger J, Owen K. Voice perceptions and quality of 
life of transgender people. J Voice. 2011;25:553–558. 

9. Hays SE. Attitudes about voice and voice therapy among transgender 
individuals. Communication Sciences and Disorders. Baton Rouge, LA: 
Louisiana State University,; 2013. 

10. Lagos D. Hearing gender: voice-based gender classification processes 
and transgender health inequality. Am Soc Rev. 2019;84:801–827. 
https://doi.org/10.1177/0003122419872504. 

11. Watt SO, Tskhay KO, Rule NO. Masculine voices predict well-being 
in female-to-male transgender individuals. Arch Sex Behav. 
2018;47:963–972. https://doi.org/10.1007/s10508-017-1095-1. 

12. Clements-Nolle K, Marx R, Katz M. Attempted suicide among 
transgender persons: the influence of gender-based discrimination and 
victimization. J Homosex. 2006;51:53–69. https://doi.org/10.1300/ 
J082v51n03_04. 

13. Unger CA. Hormone therapy for transgender patients. Transl Androl 
Urol. 2016;5:877–884. https://doi.org/10.21037/tau.2016.09.04. 

14. Harries M, Hawkins S, Hacking J, Hughes I. Changes in the male 
voice at puberty: vocal fold length and its relationship to the 
fundamental frequency of the voice. J Laryngol Otol. 
1998;112:451–454. 

15. Hodges-Simeon CR, Gurven M, Cárdenas RA, Gaulin SJ. Voice 
change as a new measure of male pubertal timing: a study among 
Bolivian adolescents. Ann Human Biol. 2013;40:209–219. 

16. Hodges-Simeon CR, Gurven M, Gaulin SJ. The low male voice is a 
costly signal of phenotypic quality among Bolivian adolescents. Evol 
Human Behav. 2015;36:294–302. 

17. Hollien H, Green R, Massey K. Longitudinal research on adolescent 
voice change in males. J Acoust Soc Am. 1994;96:2646–2654. 

18. Markova D, Richer L, Pangelinan M, et al. Age-and sex-related 
variations in vocal-tract morphology and voice acoustics during 
adolescence. Horm Behav. 2016;81:84–96. 

19. Cler GJ, McKenna VS, Dahl KL, Stepp CE. Longitudinal case study 
of transgender voice changes under testosterone hormone therapy. J 
Voice Official J Voice Found. 2020;34:748–762. https://doi.org/10. 
1016/j.jvoice.2019.03.006. 

20. Deuster D, Matulat P, Knief A, et al. Voice deepening under testos
terone treatment in female-to-male gender dysphoric individuals. Eur 
Arch Oto-Rhino-Laryngol. 2016;273:959–965. 

21. Papp V. The female-to-male transsexual voice: Physiology vs. perfor
mance inproduction [Doctoral dissertation, Rice University]. Houston, 
TX: Rice Research Repository; 2012. Available at: https://repository. 
rice.edu/items/352aa594-7941-4745-a757-635344b885f2. 

22. Ziegler A, Henke T, Wiedrick J, Helou LB. Effectiveness of testos
terone therapy for masculinizing voice in transgender patients: a 
meta-analytic review. Int J Transgenderism. 2018;19:25–45. https:// 
doi.org/10.1080/15532739.2017.1411857. 

23. Cosyns M, Van Borsel J, Wierckx K, et al. Voice in female-to-male 
transsexual persons after long-term androgen therapy. Laryngoscope. 
2014;124:1409–1414. 

24. Damrose EJ. Quantifying the impact of androgen therapy on the fe
male larynx. Auris Nasus Larynx. 2009;36:110–112. https://doi.org/10. 
1016/j.anl.2008.03.002. 

25. Irwig MS, Childs K, Hancock AB. Effects of testosterone on the 
transgender male voice. Andrology. 2017;5:107–112. 

26. Gallena SJK, Stickels B, Stickels E. Gender perception after raising 
vowel fundamental and formant frequencies: considerations for oral 
resonance research. J Voice. 2018;32:592–601. https://doi.org/10.1016/ 
j.jvoice.2017.06.023. 

27. Hillenbrand JM, Clark MJ. The role of fo and formant frequencies in 
distinguishing the voices of men and women. Atten Percept 
Psychophys. 2009;71:1150–1166. 

28. Kawitzky D, McAllister T. The effect of formant biofeedback on the 
feminization of voice in transgender women. J Voice. 2020;34:53–67. 
https://doi.org/10.1016/j.jvoice.2018.07.017. 

29. Groll MD, Dahl KL, Cádiz MD, et al. Resynthesis of transmasculine 
voices to assess gender perception as a function of testosterone 
therapy. J Speech Lang Hear Res. 2022;65:2474–2489. https://doi.org/ 
10.1044/2022_jslhr-21-00482. 

30. Papeleu T, Leyns C, Tomassen P, et al. Intonation parameters in 
gender diverse people. J Voice. 2023. 

31. Leung Y, Oates J, Chan SP. Voice, articulation, and prosody con
tribute to listener perceptions of speaker gender: a systematic review 
and meta-analysis. J Speech Lang Hear Res. 2018;61:266–297. 

32. Zimman L. Gender as stylistic bricolage: transmasculine voices and 
the relationship between fundamental frequency and/s. Lang Soc. 
2017;46:339–370. 

33. Fraile R, Godino-Llorente JI. Cepstral peak prominence: a compre
hensive analysis. Biomed Signal Process Control. 2014;14:42–54. 
https://doi.org/10.1016/j.bspc.2014.07.001. 

34. Gorham-Rowan M, Morris R. Aerodynamic analysis of male-to-fe
male transgender voice. J Voice. 2006;20:251–262. https://doi.org/10. 
1016/j.jvoice.2005.03.004. 

35. Södersten M, Oates J, Sand A, et al. Gender-affirming voice training 
for trans women: acoustic outcomes and their associations with lis
tener perceptions related to gender. J Voice. 2024. 

Alex Y. Pan, et al What Contributes to Masculine Perception of Voice Among Transmasculine People 7   

https://doi.org/10.2466/pms.1998.86.2.579
https://doi.org/10.2466/pms.1998.86.2.579
https://doi.org/10.1044/2017_JSLHR-S-16-0410
https://doi.org/10.1044/2017_JSLHR-S-16-0410
https://doi.org/10.1044/2020_AJSLP-19-00188
https://doi.org/10.1044/2020_AJSLP-19-00188
https://doi.org/10.1038/s41598-021-82134-2
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref5
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref5
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref5
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref6
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref6
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref6
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref6
https://doi.org/10.3109/09540261.2015.1115753
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref8
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref8
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref9
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref9
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref9
https://doi.org/10.1177/0003122419872504
https://doi.org/10.1007/s10508-017-1095-1
https://doi.org/10.1300/J082v51n03_04
https://doi.org/10.1300/J082v51n03_04
https://doi.org/10.21037/tau.2016.09.04
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref14
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref14
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref14
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref14
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref15
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref15
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref15
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref16
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref16
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref16
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref17
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref17
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref18
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref18
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref18
https://doi.org/10.1016/j.jvoice.2019.03.006
https://doi.org/10.1016/j.jvoice.2019.03.006
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref20
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref20
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref20
https://doi.org/10.1080/15532739.2017.1411857
https://doi.org/10.1080/15532739.2017.1411857
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref22
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref22
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref22
https://doi.org/10.1016/j.anl.2008.03.002
https://doi.org/10.1016/j.anl.2008.03.002
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref24
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref24
https://doi.org/10.1016/j.jvoice.2017.06.023
https://doi.org/10.1016/j.jvoice.2017.06.023
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref26
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref26
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref26
https://doi.org/10.1016/j.jvoice.2018.07.017
https://doi.org/10.1044/2022_jslhr-21-00482
https://doi.org/10.1044/2022_jslhr-21-00482
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref29
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref29
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref30
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref30
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref30
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref31
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref31
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref31
https://doi.org/10.1016/j.bspc.2014.07.001
https://doi.org/10.1016/j.jvoice.2005.03.004
https://doi.org/10.1016/j.jvoice.2005.03.004
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref34
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref34
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref34


36. Stevens KN. Acoustic phonetics. MIT Press; 2000. 
37. Wakita H. Normalization of vowels by vocal-tract length and its 

application to vowel identification. IEEE Trans Acoust Speech Signal 
Process. 1977;25:183–192. 

38. Boersma, P and Weenink, D. 2023. Praat: Doing phonetics by com
puter [Computer program]. Version 6.4.01, Available at: http://www. 
praat.org/. Accessed December 16, 2023. 

39. Gelfer MP, Schofield KJ. Comparison of acoustic and perceptual 
measures of voice in male-to-female transsexuals perceived as female 
versus those perceived as male. J Voice. 2000;14:22–33. https://doi. 
org/10.1016/s0892-1997(00)80092-2. 

40. Gelfer MP, Mikos VA. The relative contributions of 
speaking fundamental frequency and formant frequencies 
to gender identification based on isolated vowels. J Voice. 2005;19: 
544–554. https://doi.org/10.1016/j.jvoice.2022.12.020.In press. 

41. Pernet CR, Belin P. The role of pitch and timbre in voice gender 
categorization. Front Psychol. 2012;3:1–11. https://doi.org/10.3389/ 
fpsyg.2012.00023. Södersten et a al. 2024. 

42. Hancock A, Colton L, Douglas F. Intonation and gender perception: 
applications for transgender speakers. J Voice. 2013;28:203–209. 
https://doi.org/10.1016/j.jvoice.2013.08.009. 

43. Gray ML, Courey MS. Transgender voice and communication. Otolaryngol 
Clin N Am. 2019;52:713–722. https://doi.org/10.1016/j.otc.2019.03.007. 

44. Azul D. Transmasculine people’s vocal situation: a critical review 
of gender-related discourse and empirical data. Int J Lang 
Commun Disord. 2015;50:31–47. https://doi.org/10.1111/1460-6984.12121. 

45. Zimman L. Voices in transition: Testosterone, transmasculinity, 
and the gendered voice among female-to-male transgender people, 
Ph.D. thesis, Linguistics, Boulder, CO; University of Colorado; 2012. 

46. Davies S, Papp VG, Antoni C. Voice and communication change for 
gender non-conforming individuals: giving voice to the person inside. 
Int J Transgenderism. 2015;16:117–159. https://doi.org/10.1080/ 
15532739.2015.1075931. 

47. Hancock AB, Childs KD, Irwig MS. Trans male voice in the first year 
of testosterone therapy: make no assumptions. J Speech Lang Hear 
Res. 2017;60:2472–2482. 

48. v. Latoszek BB, Maryn Y, Gerrits E, De Bodt M. A meta-analysis: 
acoustic measurement of roughness and breathiness. J Speech Lang 
Hear Res. 2018;61:298–323. 

49. Papeleu T, Leyns C, Alighieri C, et al. Voice and communication in 
transmasculine individuals one year under testosterone therapy: a 
qualitative study. J Voice. 2024.  

Journal of Voice, Vol. xx, No. xx, xxxx  8   

http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref35
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref36
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref36
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref36
http://www.praat.org/
http://www.praat.org/
https://doi.org/10.1016/s0892-1997(00)80092-2
https://doi.org/10.1016/s0892-1997(00)80092-2
https://doi.org/10.1016/j.jvoice.2022.12.020
https://doi.org/10.3389/fpsyg.2012.00023
https://doi.org/10.3389/fpsyg.2012.00023
https://doi.org/10.1016/j.jvoice.2013.08.009
https://doi.org/10.1016/j.otc.2019.03.007
https://doi.org/10.1111/1460-6984.12121
https://doi.org/10.1080/15532739.2015.1075931
https://doi.org/10.1080/15532739.2015.1075931
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref44
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref44
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref44
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref45
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref45
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref45
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref46
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref46
http://refhub.elsevier.com/S0892-1997(24)00471-5/sbref46

	What Contributes to Masculine Perception of Voice Among Transmasculine People on Testosterone Therapy?
	INTRODUCTION
	METHODS
	Participants
	Voice analysis
	Vocal perception of gender ratings
	Analytic strategy

	RESULTS
	How does vocal perception of gender of transmasculine speakers compare to vocal perception of gender of cisgender male and female speakers?
	Do CPP values differ between transmasculine and cisgender speakers?
	How much variance in vocal perception of gender and male categorization percentage is explained by mean fo and formant-estimated VTL?

	DISCUSSION
	LIMITATIONS
	Declaration of Competing Interest
	References




