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ABSTRACT

Background: Transgender women may experience gender-dysphoria associated with their
voice and the way it is perceived. Previous studies have shown that specific acoustic measures are associated with the perception of voice-femininity and with voice-related quality-oflife, yet results are inconsistent.
Aims: This study aimed to examine the associations between specific voice measures of
transgender women, voice-related quality-of-life, and the perception of voice-femininity by
listeners and by the speakers themselves.
Methods: Thirty Hebrew speaking transgender women were recorded. They had also rated
their voice-femininity and completed the Hebrew version of the TVQMtF questionnaire.
Recordings were analyzed to extract mean fundamental frequency (F0), formant frequencies
(F1, F2, F3), and vocal-range (calculated in Hz. and in semitones). Recordings were also rated
on a voice-gender 7-point scale, by 20 naïve cisgender listeners.
Results: Significant correlations were found between both F0 and F1 and listeners’ as well
as speakers’ evaluation of voice-femininity. TVQMtF scores were significantly correlated with
F0 and with the lower and upper boundaries of the vocal-range. Voice-femininity ratings
were strongly correlated with vocal-range, when calculated in Hz, but not when defined in
semitones. Listeners’ evaluation and speakers’ self-evaluation of voice-femininity were significantly correlated. However, TVQMtF scores were significantly correlated only with the speakers’ voice-femininity ratings, but not with those of the listeners.
Conclusion: Higher F0 and F1, which are perceived as more feminine, jointly improved
speakers’ satisfaction with their voice. Speakers’ self-evaluation of voice-femininity does not
mirror listeners’ judgment, as it is affected by additional factors, related to self-satisfaction
and personal experience. Combining listeners’ and speakers’ voice evaluation with acoustic
analysis is valuable by providing a more holistic view on how transgender women feel
about their voice and how it is perceived by listeners.

Introduction

Vocalization is a basic manner by which people
communicate and portray their identity and is
considered one of the important secondary gender characteristics. Therefore, a gender-congruent
voice, in which the individual’s voice corresponds
with the gender identity, is crucial to one’s wellbeing and quality-of-life (Davies & Goldberg,
2006). Transgender people often show a gender
non-conforming voice, as a result of a discrepancy between their gender identity and their perceived gender. Consequently, transgender women
who wish for their voice to be perceived in
accordance with their feminine identity could be
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perceived as masculine, and experience gender
dysphoria. In a study that surveyed 28 transgender women, over 50% reported viewing the
feminization of their communication highly
important for their well-being (Neumann et al.,
2002). This was further supported by other studies that have demonstrated the importance of
feminine voice for transgender women, and how
specific voice properties may contribute to the
perception of transgender women’s voices as
feminine (Davies et al., 2015; Stewart, Oates, &
O’Halloran, 2020).
In a systematic review, many acoustic measures
were examined in association with the perception
of speaker’s gender (Leung, Oates, & Chan,
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2018). The two primary acoustic measures consistently shown to differentiate between genders
are (a) fundamental frequency (F0), which is perceived as pitch, and (b) formant frequencies,
which are a representation of the vocal resonance. In general, mean F0 values range between
100 and 146Hz for cisgender men, and between
188 and 221 Hz for cisgender women (Baken,
1987). Formant frequencies are typically approximately 20% higher for women than for men
(Coleman, 1983), with specific normative values
reported for English (Peterson & Barney, 1952),
for Hebrew (Most et al., 2000), and for many
other languages (e.g., Kent & Vorperian, 2018).
Raising F0 typically facilitates the perception of
voice as more feminine. Accordingly, transgender
women who vocalize with F0 values which are
closer to the typical cisgender female range are
perceived as more feminine (Owen & Hancock,
2010; McNeill, Wilson, Clark, & Deaking, 2008).
Nonetheless, although F0 is the most studied
acoustic measure in voice research among transgender women, researchers disagree on the
threshold required for differentiating between
masculine and feminine voices. On the one hand,
a mean F0 value of 155-180Hz is typically considered a virtual “boundary” between the voices of
men and women (Davies et al., 2015). But on the
other hand, it is clear that higher F0 is not the
sole marker that governs the perception of a
voice as feminine (Gorham-Rowan & Morris,
2006; Mount & Salmon, 1988). Likewise, the
voice of many transgender women who exhibit
higher F0, well above the typical masculine range,
may still be perceived as non-feminine (Childers
& Wu, 1991; Coleman, 1983; Gelfer & Schofield,
2000). This is often attributed to gender differences in formant frequencies; and it was shown that
indeed training transgender women to raise
formant frequencies facilitates the perception of
their voice as more feminine (Carew et al., 2007;
Kawitzky & McAllister, 2020).
Intonation is a supra-segmental feature, which
was also suggested as a vocal gender marker.
Greater variability in F0 during speech and raising intonation contours are considered a feminine trait, whereas a narrower F0 range and “flat”
intonation contours are considered more masculine (Graddol & Swann, 1983; Pickering et al.,

2012; Stoicheff, 1981). Nonetheless, studies that
examined gender differences in vocal-range using
acoustic analysis have yielded contradictory results.
These differences were attributed to various methodological issues, and mainly to the metric used
for quantifying vocal-range. Specifically, vocalrange can be represented in Hertz, which is the
physical scale for quantifying the vibratory rate of
the vocal mechanism. Yet, vocal-range can also be
represented in semitones, which is a perceptual
logarithmic scale that better represents the manner
in which the human auditory system perceives
pitch (Graddol, 1986; Henton, 1989; Nolan, 2003).
Research of vocal-range and intonation contours among transgender women has yielded
inconsistent findings. Gelfer and Schofield (2000),
for example, reported that transgender women
whose voices were judged as feminine had higher
values of both lowest and highest F0. The same
speakers have also used raising intonation contours more frequently than transgender women
whose voices were not judged as feminine. In
contrast, Owen and Hancock (2010) reported
that transgender women who used a narrower
vocal-range were perceived as more feminine.
This was later refuted, in a more recent study,
that found a wider vocal-range and raising intonation contours among speakers who were judged
as more feminine (Hancock et al., 2014). It
should be noted that the different studies used
different speaking tasks (speech, reading or picture description). This could have contributed to
the divergences in the results, as each speech task
elicits different intonation patterns and vocalrange. Due to these inconsistencies, and in light
of the importance of these features, and the need
for studying this topic among transgender
women in different cultures (Davies et al., 2015;
Hancock et al., 2014); it was deemed necessary to
examine ’vocal-range’, as one of the acoustic
measures in this study, that probed—for the first
time—Hebrew speaking transgender women.
The individual’s beliefs and perception of
their own voice and the impact of that on daily
living are an important perspective within the
clinical evaluation of voice (Dacakis, Davis,
Oates, Douglas, & Johnson, 2013). Transgender
women often view their voice as inappropriate
for their gender. This could impact their
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emotional, social and vocational engagement, and
might lead to avoidance behaviors and to a reduced
quality-of-life (Davis & Johnson, 2015; Oates &
Dacakis, 2015; Stewart, Oates, & O’Halloran, 2020).
Considering these aspects is of great interest both
socially and professionally, because direct evaluation
of the voice alone does not necessarily reflect on
how it affects the speakers’ life (Geneid et al., 2015;
Remacle et al., 2011). Acknowledging the unique
experiences and challenges faced by transgender
women with regard to their voice has led to the
initial development of the TSEQ (Transgender SelfEvaluation Questionnaire) (Davies & Goldberg,
2006); and later to the presentation of the more
specific TVQMtF (Transsexual Voice Questionnaire:
Male-to-Female) (Dacakis, Davis, Oates, Douglas, &
Johnson, 2013). The TVQMtF was shown to have
strong internal consistency and reliability (Dacakis
et al., 2017a, 2017b), and to provide a comprehensive and reliable representation of the way transgender women feel about their voice and its impact
on their daily life. Yet, the validity and reliability of
the TVQMtF, and especially the appropriateness of
its organization into various number of separate
factors is still studied in different languages
(Bultynck, Pas, Defreyne, Cosyns, & T’Sjoen, 2020;
Salm et al., 2020).
The association between quality-of-life and selfperception of voice-femininity among transgender
women has been examined in previous studies.
McNeill et al. (2008), for example, reported a
strong correlation between self-satisfaction with
the voice (on a ’happy-unhappy’ scale) and the
perception of the voice as feminine. In contrast, in
the same study, F0 values were not significantly
associated with the speakers’ self-satisfaction. It
was, therefore, suggested that other vocal properties, apart from F0, influence the speaker’s self-satisfaction with her voice. The association between
voice-related quality-of-life and the perception of
the voice as feminine was later supported by other
studies that used the TSEQ (Hancock et al., 2011)
and the TVQMtF (Dacakis et al., 2017a). These
studies suggested that quality-of-life among
transgender women could be related to their subjective self-perception, but not necessarily or directly to listeners’ perception of voice-femininity.
Nonetheless, the association between voice-femininity, voice-related quality-of-life and specific voice
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properties among transgender women is still
unclear, and warrants further examination (Dacakis
et al., 2017a).
In light of the contradictions between previous
reports, the present study examined how specific
acoustic voice properties (F0, formant frequencies, vocal-range) are associated with self-perception of voice-femininity among transgender
women and with listeners’ perception. We also
examined how these measures are associated with
the speakers’ voice-related quality-of-life, as
quantified by the TVQMtF.
Methods

This study was conducted after obtaining the
approval of the Tel-Aviv University Ethics
Committee, and after all participants had completed and signed an informed consent form.
Speakers

Thirty transgender women, age range 18–42 years
(M ¼ 28.5, SD ¼ 6.1), volunteered to participate
in the study. All were native Hebrew speakers,
with no reported history of speech, voice or hearing problems. They were recruited through ads
on social media and through personal encounters.
Four additional potential speakers were excluded
due to failing to meet the inclusion criteria.
Twenty-four of the speakers reported living in
their feminine identity continuously and consistently, four reported living in their feminine identity most of their days, and the remaining two
reported that for about 50% of the time. Of the
30 speakers, 21 reported being employed on a
permanent position. The reported time elapsed
from the event they addressed as the beginning
of their gender transition ranged between 1 and
18 years (M ¼ 5.7, SD ¼ 4.2). Twenty-eight speakers reported receiving hormone therapy for a
period ranging between 1 and 18 years (M ¼ 4.0,
SD ¼ 4.2), and 15 used medications for physical
and/or psychiatric conditions. Twenty speakers
reported practicing their voice with a speech
pathologist; ten of them in a group setting, one
in an individual setting, one in the form of singing lessons and the remaining eight reported
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practicing independently using freely available
information on the internet.
Listeners

Ten cisgender men and ten cisgender women
(mean age 32.4 years, SD ¼ 4.1) volunteered for
the listening task, after responding to ads on local
social media forums. All listeners were native
Hebrew speakers, with no reported speech or
hearing problems. Previous research has suggested that listener’s sexual orientation could
affect the perception of voice-femininity
(Hancock & Pool, 2017). Hence, to reduce the
possibility of sexual orientation bias, only listeners who had reported themselves as heterosexual
were included. Five of the listeners reported no
familiarity with transgender women, nor with
transgender voice; five reported infrequent exposures through public media, eight reported distant acquaintances, and two reported familiarity
with transgender women. To reduce a possible
bias due to revealing the purpose of the study,
the anamnesis questionnaire was completed by
the listeners only after they had completed the
listening task.
Recordings

Each speaker was recorded individually in a quiet
room, while performing the following tasks: (a)
sustaining the vowel/a/six times for 3–5 seconds,
(b) reading two paragraphs from the phonemically balanced reading-passage “The Thousand
Islands” (Amir & Levine-Yundof, 2013), and (c)
talking on a given topic for five minutes. Digital
audio recordings were performed using an
R headset
Audio-Technica BP892cW-TH MicroSetV
microphone, located 5 cm from the speaker’s
mouth, connected to a Centrance pre-amplifier,
onto the AudacityV software (ver. 2.1.2), with a
sampling rate of 48 kHz (16Bit). Recordings
were normalized for amplitude and for DC offset zero crossing. Speakers were instructed to
vocalize and speak at ease and no demonstrations were given. The three tasks were recorded
in a random order that was modified between
speakers. Individual recording sessions lasted
approximately 30 minutes.

Acoustic analyses

Acoustic analyses were performed using Praat
software (ver. 6.0.10) (Boersma & Weenink,
2019), after manual inspection of the signal and
correction of F0 octave-errors. From the recordings obtained from each speaker, six 1-second
segments were manually extracted for analysis
from the relatively stable mid-section (which may
be referred to as the “steady state”) of the isolated/a/vowels. All 12 sentences obtained from
the reading task were analyzed, as well as 20
phrases from each speaker’s free speech. For this
purpose, a phrase was defined as a string of
words bounded by a single intonation contour,
containing a minimum of three words or five syllables (Rochman & Amir, 2013).
From the recordings of the isolated vowels, a
mean F0 value was calculated for each speaker,
and mean values of the first three formants (F1,
F2, F3). Formant frequencies were extracted
manually, using the Praat program, after visual
inspection of each segment, to avoid measurement
errors. A mean F0 value was also calculated for
each speaker from the recordings of the reading
and speech tasks. Measurements were taken from
a combined view of the spectrogram and the F0
tracking display. In addition, each measurement
was evaluated perceptually (i.e., auditorily). Special
attention was given to instances of vocal fry.
Hence, vocal fry frequencies were included in the
analyses, after ensuring that the acoustic analysis
represents the perceived pitch. F0-range was calculated by subtracting the minimum-F0 value from
the maximum-F0 value. This was first calculated
for each utterance individually, and then a mean
value was derived for each speaker within each
task. Vocal-range was calculated and presented in
Hertz (Hz.), as well as in semitones (ST).

R

Listening test of voice-femininity

For the listeners’ perceptual task, three sustained
productions of the vowel/a/and three sentences
from the reading task of each speaker were
selected randomly, yielding a total of 180 stimuli
(90 vowels þ 90 sentences). Samples from
the free-speech task were not included in the listening task. This was decided because recordings
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contained contextual gender markers that could
bias listeners’ judgment. Moreover, gender encoding classification is an inherent grammatical
property of Hebrew morphology, affecting nouns,
verbs and adjectives (e.g., Ravid, 2012).
Recordings were presented individually to the
ten listeners, using a SuperLab program, through
Sony MDR-CD380 headphones, at a comfortable
hearing level set by the listeners independently. To
reduce a possible order effect, recordings were presented in a random order that was modified
between listeners. Each stimulus was played
once, and the listeners were required to rate voicefemininity on a 7-point scale, on which the two
extremes were labeled ’masculine’ and ’feminine’,
with no intermediate labels. Ten sustained vowels
and ten sentences were randomly selected and presented again to the listeners, for intra-judge reliability evaluation. Consequently, each listener rated
a total of 200 recordings (90 vowels þ 10 reliability
items þ 90 sentences þ 10 reliability items).
Listeners were not given a time limitation for completing the task, but each stimulus was presented
once, and ratings could not be modified once
made. Mean duration of the individual listening
task was approximately 20 minutes. Listeners were
allowed to take short recesses during the task, but
all chose to perform it continuously.

were asked to rate their satisfaction with their
voice, on an un-numbered 7-point scale, ranging
from “very satisfied” to “very dissatisfied”. Similar
rating scales were used previously in studies that
employed similar paradigms (Carew et al., 2007;
McNeill et al. 2008), hence were regarded appropriate for this task.

Intra- and inter-judge reliability

Results

Intra-judge reliability was evaluated using a Pearson
correlation test, that confirmed a strong correlation
between the repeated judgments (r ¼ 0.858, p<.001).
In addition, strong inter-judge agreement was found,
using Cronbach’s alpha coefficient (a ¼ 0.98). Finally,
the possibility of listeners’ gender differences in the
perception of voice-femininity was tested using two
separate Pearson correlation tests, one for vowels and
one for sentences. Results confirmed strong and significant correlations between the ratings made by
male and female listeners for both vowels (r ¼ 0.95,
p<.001) and sentences (r ¼ 0.96, p<.001).

Descriptive statistics for the acoustic measures
obtained from the speakers in the prolonged vowel
production, in the reading and speech tasks are
presented in Table 1. As shown, similar F0 values
were obtained in all three tasks. In addition, the
observed vocal-range was slightly larger during the
reading task, compared to the speech task.
A summary of the descriptive statistics for the
listeners’ responses on the voice-femininity scale, as
well as the speakers’ responses on the voice-femininity scale, the TVQMtF questionnaire and on the
self-satisfaction scale are presented in Table 2.

Self-perception of voice

Association between listeners’ perception of voicefemininity and acoustic measures

Each speaker rated her voice on the same 7-point
scale as was used by the listeners, ranging from
’masculine’ to ’feminine’. In addition, speakers

Transsexual Voice Questionnaire (TVQMtF)
—Hebrew version

All speakers completed the Hebrew version of the
TVQMtF (Amir & Diamant, 2016), as a measure
of voice-related quality-of-life. The total score of
the questionnaire, based on all 30 items was used
in this study, as a single measure.
Statistical analyses

Statistical analyses were performed using SPSS Ver.
25 (IBM#, SPSS#, 2017). The research variables
were described using means and standard deviations.
Univariate relations between research variables were
expressed as Pearson correlation coefficients, and
multivariate relations were estimated within linear
regression models. To avoid inflation of Type I error,
an FDR correction was used (Benjamini & Hochberg,
1995), with experiment-wise error set at .10.

Table 3 presents a summary of the correlation
coefficients obtained between the acoustic
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Table 1. Group means, standard deviations and range of
values for the acoustic measures obtained in the different
speech/voice recording tasks.
Measures
Mean F0 (Hz.)
F1 (Hz.)
F2 (Hz.)
F3 (Hz.)
Min. F0 (Hz.)
Max F0 (Hz.)
F0-range (Hz.)
F0-range (ST)

Task
Prolonged
Reading
Speech
Prolonged
Prolonged
Prolonged
Reading
Speech
Reading
Speech
Reading
Speech
Reading
Speech

/a/
/a/
/a/
/a/

M

SD

Min.

Max.

155
151
148
696
1387
2619
106
110
227
219
120
110
13.24
11.97

36
33
32
139
132
360
28
27
53
48
36
32.
3.23
2.94

91
108
103
356
1122
1950
72
75
150
157
48
52
6.66
6.88

248
251
248
912
1637
3455
205
204
384
385
195
181
22.61
19.44

Hz.—Hertz.
ST—Semi tones.

measures of the recordings included in the listening task and the listeners’ responses on the voicefemininity scale, as well as the responses of the
speakers on the three scales (voice-femininity
scale, TVQMtF and self-satisfaction scale).
The data presented in Table 3 show strong and
significant correlations between most acoustic
measures and the perception of voice-femininity
by listeners. Specifically, listeners’ perception of
the speakers’ voice-femininity was strongly correlated with the speakers’ fundamental frequency
(F0) on both the vowel and reading tasks. In
other words, voices with higher F0 were perceived by listeners as more feminine. Positive
correlation coefficients were also found between
the values of the first two formants (F1, F2) and
the perception of the voice-femininity by listeners. In contrast, values of the third formant (F3)
were not significantly correlated with the perception of voice-femininity.
Most acoustic measures related to vocal-range
were also significantly correlated with the perception of voice-femininity by listeners. Specifically,
speakers who produced voices with higher values
of minimum and maximum F0s were perceived
as more feminine. Vocal-range, per se (i.e., the
difference between maximum and minimum F0
values), was also significantly correlated with
listeners’ perception of voice-femininity, such
that speakers with a wider vocal-range were rated
as more feminine. As shown, after converting the
F0-range value from the linear Hz scale to the
logarithmic Semitone (ST) scale, which is more
equivalent to the way the human auditory system

Table 2. Responses obtained from the listeners on the perceptual voice-femininity scale, and responses obtained from
the speakers on the voice-femininity scale, the TVQMtF questionnaire and the self-satisfaction scale.
Measure

N

M

SD

Min.

Max.

Listeners—Voice-femininity scale
Speakers—Voice-femininity scale
Speakers—TVQMtF—total Score
Speakers—Self-satisfaction scale

20
30
30
30

3.28
3.87
63.26
3.83

1.47
1.53
21.35
1.66

1.47
2.00
30.00
1.00

6.53
7.00
96.00
7.00

Notes: Voice-femininity was rated on a 7-points scale (1 ¼ Masculine,
7 ¼ Feminine). Self-satisfaction was rated on 7-points scale (1 ¼ Very
unsatisfied, 7 ¼ Very satisfied).

perceives pitch, the correlation between the
vocal-range measure and the listeners’ perception
has failed to reach statistical significance.
Finally, a multiple regression analysis was performed to predict listeners’ perception of voicefemininity, based on the acoustic measures. All
acoustic measures that significantly correlated
with the listeners’ perception (see Table 3) were
included simultaneously in the model. Four of
these measures contributed significantly to the
model, with R2 ¼ 0.88, F(4,25) ¼ 44.58, p <.0001.
These measures were F0, F1 and F2 of the vowel/
a/and F0 extracted from the reading task. Their
standardized parameters (betas) ranged between
.22 and .33, with all p’s <.03.
Association between speakers’ scales and
acoustic measures

Table 3 presents a summary of the correlation
coefficients obtained between all acoustic measures and the subjective scales rated by the speakers. As noted above, the speakers completed three
scales, from which three measures were extracted.
These included the voice-femininity scale, the
TVQMtF total score and the self-satisfaction scale.
A summary of the results follows, for the association between each of the three measures and the
acoustic measures examined.
Self-perception of voice-femininity and acoustic measures

Inspection of the correlation coefficients obtained
for the speakers’ voice-femininity scale (Table 3)
presents similar results to those obtained from
the equivalent listeners’ scale, with only minor
differences. In general, most examined acoustic
measures were significantly correlated with the
self-perception of voice-femininity. Specifically,
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Table 3. Summary of Pearson correlation coefficients obtained between the listeners’ and speakers’ scales and the acoustic measures extracted from the recordings.
Listeners
Voice-femininity scale
0.84
0.84
0.64
0.71
0.23
0.73
0.77
0.56
0.01

Speakers
TVQMtF
0.39
0.39
0.13
0.01
0.05
0.36
0.44
0.36
0.01

Self-satisfaction
Mean F0—/a/
0.41
F0—Reading
0.37
F1—/a/
0.26
F2—/a/
0.02
F3—/a/
0.20
Min. F0 – Reading
0.31
Max. F0 – Reading
0.41
Range – Reading (Hz)
0.36
Range—Reading (ST)
0.08
p < 0.05; p < 0.01.
Notes: Voice-femininity was rated on a 7-points scale (1 ¼ Masculine, 7 ¼ Feminine). Self-satisfaction was rated on 7-points scale (1 ¼ Very unsatisfied,
7 ¼ Very satisfied).
Measures

Voice-femininity scale
0.64
0.61
0.49
0.25
0.31
0.54
0.63
0.50
0.12

Table 4. Correlation coefficients between listeners’ and speakers’ responses on the subjective voice-femininity scales, TVQMtF and
self-satisfaction scale.
Group
Listeners
Speakers

Speakers

Scales
Voice-femininity scale
Voice-femininity scale
TVQMtF

p < 0.01.

Voice-femininity scale
0.59
–
–

self-perception of voice-femininity was moderately
correlated with the two F0 measures. A positive
correlation coefficient was also found between F1
values and the self-perception of voice-femininity.
However, both F2 and F3 have yielded weak and
insignificant correlation coefficients with the selfperception of voice-femininity.
Similarly, most vocal-range measures were
significantly correlated with the speakers’ selfperception of voice-femininity. Namely, speakers
with higher values of minimum and maximum
F0s have rated their voice as more feminine.
Vocal-range on the reading task was also significantly correlated with self-perception of voicefemininity. In addition, similar to the results
obtained from the listeners’ scale, converting the
vocal-range scale from Hz to Semitones has
eradicated the significant correlations.
A multiple regression analysis was performed to
predict self-perception of voice-femininity based
on the acoustic measures, as performed above.
Results demonstrated that F0 of the vowel/a/was
the only predictor for self-perception of voice-femininity, with R2 ¼ 0.41, F(1,26) ¼ 18.38, p < .0001.
TVQMtF and acoustic measures

Data in Table 3 show negative correlation coefficients between the F0 measures and the TVQMtF

TVQMtF

Self-satisfaction

0.25
0.74
–

0.29
0.78
0.80

scores. In other words, speakers with a higher F0
reported more positively on their voice and on
their voice-related experiences. Similarly, minimum and maximum F0 values during the reading
task were also negatively correlated with the
TVQMtF scores. All other acoustic measures did
not significantly correlate with the TVQMtF scores.
A regression analysis performed on this set of data
revealed that maximum F0 in the reading task was
the only measure that predicted TVQMtF scores
[R2 ¼ 0.19, F(1,28) ¼ 33.23, p< .05].
Voice-femininity scales and TVQMtF

Table 4 shows strong and significant correlation
between speakers’ self-evaluation of voice-femininity and the TVQMtF scores.
In other words, speakers who perceived their
voice as more feminine have exhibited lower
scores on the TVQMtF. Similarly, they have also
reported being more satisfied with their voice.
On the other hand, no significant correlation was
found between the listeners’ evaluation of voicefemininity and the speakers’ responses on the
TVQMtF nor on the self-satisfaction scale.
Finally, a moderate correlation was found
between the listeners’ and speakers’ voice-femininity scales. That is, speakers who perceived their
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voice as more feminine were perceived similarly
by the listeners.
Discussion
Voice characteristics and the perception of
voice-femininity
Fundamental frequency (F0) and formant
frequencies

Our findings indicate strong and significant correlations between all measures of fundamental
frequency (F0) and the perception of voice-femininity by the listeners and by the speakers. This
is in agreement with the general view of F0 as a
key feature in the perception of voice-gender
(e.g., McNeill et al., 2008; Owen & Hancock,
2010). Interestingly, the correlation between F0
and listeners’ judgment was strong (r¼.84),
whereas the correlation between F0 and speakers’
self-judgment of their voice was moderate
(.54r.64). In other words, both listeners and
speakers have associated higher F0 values with
feminine voice. Nonetheless, while the transgender women in our study have, indeed, associated their pitch with their perception of voicefemininity, they appear to have associated the
two factors less strongly than did the listeners.
This is interpreted as supporting previous
research that suggested that self-perception of
voice femininity does not mirror listeners’ perception, as it relies on additional factors (i.e., Owen
& Hancock, 2010).
The clinical implication of this finding should
be considered with caution, though, because raising pitch per se might not be sufficient as an
independent and ultimate goal for voice therapy.
Mount and Salmon (1988), for example, have
demonstrated that a transgender woman who
successfully raised her F0 to 210 Hz (i.e., well
within the typical feminine range), was still not
perceived as portraying a feminine voice. Only
after focusing speech-therapy on altering tongue
positioning and modifying vocal resonance, did
her voice quality shift and she was judged as
feminine in face-to-face interactions as well as
over the phone. Similar findings were reported
by others (Coleman, 1983; Gelfer & Schofield,
2000; Kawitzky & McAllister, 2020), suggesting

that raising F0 alone in transgender women
indeed facilitates the perception of voice-femininity, but requires additional voice modifications.
When examining formant frequencies independently of F0, values of the first two formants
(F1 and F2) were significantly correlated with the
perception of voice-femininity by listeners.
Speakers’ perception, however, was correlated
with F1, but not with F2 or F3. For a more holistic examination of this question, and to better
simulate the way listeners perceive speakers’
voice, a multiple regression analysis was performed, combining all significant acoustic measures concurrently. This analysis has shown that
speakers’ self-perception of voice-femininity was
predicted by F0 alone. Listeners’ perception, on
the other hand, could be predicted by the combined effect of F0 and the first two formants (F1
and F2). This is reminiscent of previous reports
that have highlighted the combined effect of F0
and formant frequencies on the perception of
voice-gender (Gelfer & Mikos, 2005; Pasricha
et al., 2008). It should be noted that the combined effect of F0 and formant frequencies on
the perception of voice-gender was not only
shown in transgender speakers, but also in cisgender women and men, using computerized
(i.e., synthesized) modifications. Hillenbrand and
Clark (2009), for example, have shown that modifying either F0 or formant frequencies artificially,
to fit the typical ranges of the opposite gender,
was mostly ineffective; and did not lead to a perceptual change in voice-gender.
When considering the importance of F0 and
formant frequencies for the perception of voicegender, a highly relevant topic is the perceptual
threshold that should be reached for the voice of
transgender women to be perceived is feminine.
Admittedly, this discussion is beyond the scope
of our study, as the current methodology was not
designed to address this question. Nevertheless, a
qualitative inspection of our raw data demonstrates that all speakers whose voices were rated
as feminine (i.e., higher than 4.5 on the voice
femininity 7-point scale) had F0 values of 168 Hz
or higher. In contrast, all speakers whose voices
were rated as masculine (i.e., lower than 3.5 on
the voice femininity scale) had lower F0 values
than 161 Hz. This observation supports previous
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reports that suggested a minimum F0 value of
155-180Hz as a prerequisite for a transgender
voice to be perceived as feminine (Davies et al.,
2015). Interestingly, while our data portray a
rather dichotomous distribution of F0 values, it
does not show a similar pattern for formant frequencies. In other words, formant frequencies
alone did not separate speakers’ voices on the
perceptual masculine-feminine scale.
Vocal-range: F0 and semitones

In light of the theoretical debate on the appropriate
metric for quantifying vocal-range (e.g., Graddol,
1986; Henton, 1989), both the linear (Hz.) scale
and the perceptual semitone (ST) scale were used
here. Our results demonstrated that, using the Hz
scale, speakers’ vocal-range was correlated with
both listeners’ and speakers’ perception of voicefemininity. However, transformation to the ST scale
has eliminated these findings, yielding no significant correlations. That is, speakers who used a
wider range of F0 values were perceived as having
a more feminine voice. But when data were examined in semitones, no association was found
between vocal-range and voice-gender. This seeming paradox can be resolved in light of the significant correlations between the nominal values of
minimum- and maximum-F0 and the voice-femininity judgments. As shown, speakers with higher
values of both minimum- and maximum-F0 were
perceived as having a more feminine voice.
Therefore, due to the logarithmic nature of the ST
scale, a speaker with elevated F0 is more likely to
exhibit a wider vocal-range, when calculated in Hz.
A similar conclusion was reached by Henton
(1989), who reviewed a body of studies that
reported data using the Hz scale, and converted
their reports to the ST scale. She concluded that
the conception of a wider vocal-range in women
may not be, in fact, accurate. It should be noted
that this discussion is not yet settled, due to
methodological differences between studies that
examined this issue among cis- and trans-gender
speakers in various speaking/reading conditions
(Gelfer & Schofield, 2000; Owen & Hancock,
2010). Therefore, it is suggested that when a
transgender women aim for a more feminine
voice, she would benefit from raising her minimum- and maximum-pitch, which will increase
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the eventual F0-range. This is expected to affect
listeners’ perception, even if the perceptual vocalrange (i.e., using ST scale) is not significantly
widened. The current data is not sufficient to
determine whether the upper or the lower limit
of the vocal-range is more influential in the perception of voice-femininity. Yet, our clinical
experience suggests that transgender women
whose minimum-F0 is markedly low are typically
perceived as portraying a more masculine voice
altogether. At the same time, those with higher
maximum-F0 are not necessarily perceived as
more feminine. Hence, we suggest that, when targeting pitch in voice-therapy, elevating minimum-pitch could be more effective clinically
than elevating maximum-pitch. Nonetheless, this
should be examined more directly in future
research. In addition, one must not overlook the
fact that our data are mostly based on a reading
task, because it was imperative to ensure that no
linguistic gender markers are evident in the
recording. Therefore, it is conceivable that different results could be found, if data are obtained
from conversational speech.
Our findings highlight the importance of
quantifying vocal-range in ST, and not relying on
the Hz scale alone. Yet, we demonstrate that
combining both scales for examining the same
set of data reveals valuable information and provides additional insight that facilitates deeper
understanding on how listeners perceive voicefemininity. We suggest that this combination of
metrics should be used in future studies, as it
could provide additional insight, as well as
improve efficacy and focus of voice-therapy provided to transgender women.
TVQMtF scores and acoustic measures

The present results demonstrate that speakers
who scored lower on the TVQMtF have also
exhibited higher values of all F0 measures.
However, the regression analysis performed on
this set of data has shown that maximum-F0 was
the single acoustic measure that significantly predicted the speakers’ TVQMtF scores. This result is
of interest, as it demonstrates that the upper
boundary of the vocal-range could predict, limitedly though, how transgender women feel about
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their voice and about their daily experience with
it. While this finding should be replicated before
a solid conclusion may be drawn from it, this
may be interpreted as demonstrating that voicefemininity is not equivalent to the subjective
experience of transgender women regarding their
voice. That is, higher ratings of voice-femininity
do not necessarily guaranty high self-satisfaction
with one’s voice; and vice-versa, lower ratings of
voice-femininity does not necessarily lead to low
self-satisfaction with one’s voice.
Evaluating this result in light of previous publications is challenging, as only a few studies have
entertained the possibility of an association
between specific acoustic measures and the subjective evaluation of quality-of-life or self-satisfaction. Dacakis et al. (2017a), for example, explored
the association between TVQMtF and F0 in 34
transgender women, and reported no significant
correlations. They, too, acknowledged the scarce
data on this topic, and suggested that vocal pitch
and voice-related quality-of-life may not be directly related. A similar conclusion was also drawn
by McNeill et al. (2008), who reported no significant correlation between speakers’ F0 and their
"satisfaction with self-perceived femininity of the
voice" in a group of 12 transgender women.
Nonetheless, our data show significant correlations between the TVQMtF scores and all F0
measures. These findings are supported by the
significant associations between the acoustic
measures and the speakers’ responses on the
voice-femininity scale, as well as on the self-satisfaction scale. Hence, it is suggested that this association should not be dismissed, and should be
further examined in future studies.
TVQMtFscores and the perception of
voice-femininity

The present study combined speakers’ and listeners’ evaluations, thus it provides the opportunity
of combining and comparing both views. Data
show a strong and significant correlation between
speakers’ self-perception of their voice-femininity
and their scores on the TVQMtF (see Table 4).
However, no such significant correlations were
found with listeners’ perception of the speakers’
voice-femininity. This finding is of special

interest in light of the significant correlation
between the listeners’ and speakers’ responses on
the voice-femininity score. In other words,
although the ratings of voice-femininity made by
both speakers and listeners were in general agreement, only the speakers’ ratings correlated with
the TVQMtF scores. This supports the efficacy of
the TVQMtF in portraying the unique internal
perspective of the transgender women about their
voice, independently of the listener’s perspective.
This result also supports previous reports on a
strong association between the TVQMtF scores
and self-perception of voice-femininity (Dacakis
et al., 2017a), but on much weaker associations
between the TVQMtF scores and listeners’ perception of speakers’ voice-femininity (Owen &
Hancock, 2010). This is an empirical representation of the complexity of gender perception.
Study limitations

Two methodological caveats of the current study
should be noted. First, our sample was based on
volunteers, and therefore it might not provide a
balanced representation of the transgender
women population in Israel. It may be argued
that those who volunteered for participation
could have experienced more difficulties with
their voice, hence seek professional assistance
more than those who are more satisfied with
their voice. Second, this study evaluated voicefemininity using a 7-point rating scale, rather
than a binary (male:female) scale. This taps into
the important discussion of whether gender is
generally judged as a binary state or on a continuum. Therefore, it may be argued that different results could have been obtained if listeners
and speakers in our study were asked to evaluate
voice-femininity differently.
Conclusion

Findings demonstrated that measures of F0 as
well as formant frequencies were associated with
the perception of voice-femininity. It also
revealed a significant association between F0, and
especially maximum-F0, with voice-related quality-of life. In addition, data demonstrated that listeners and speakers evaluated voice-femininity
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differently, such that speakers’ judgment of their
voice-femininity was less strictly associated with
their pitch, in comparison with the listeners.
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