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OBJECTIVES AND BACKGROUND

HILE TRANSGENDER VOICES HAVE RECEIVED more schol-

arly attention recently, there remains very little research

on singing, with most scholarship focused on speaking.

This literature also focuses on the voices of transfeminine
people (those assigned male at birth who identify as women/with a feminine
identity), rather than people who are transmasculine (assigned female at
birth and identify as men/with a masculine identity) or have another gender
identity.! This article is the first rigorous, scientific description of the timing
and nature of the singing voice changes of an assigned female singer taking
testosterone. It bridges gaps between performing arts pedagogy and medical/
clinical perspectives, including both perceptual and clinical voice measures
and assessing the relationship between hormone levels and voice changes.
It includes illustrative audio recordings of the singer’s changing voice and
pushes traditional boundaries of voice research by considering the singer’s
embodied, emotional experience of their voice.

Gender Identity Terms

In this article, the term “transgender” is used for people whose sex assigned
at birth (typically determined by biological characteristics like reproductive
organs or chromosomes) does not align in traditional ways with their gen-
der identity (sense of themselves as a man, woman, or something else). For
example, a person who was assigned female at birth and identifies as a man
would be considered transgender. This use of transgender includes people
whose gender identity is nonbinary, meaning they do not identify as either, or
entirely, a man or a woman. There is disagreement about whether nonbinary
identities should be included under the transgender umbrella, but in this
article, they are. The term “cisgender” is used for people whose assigned sex
and gender identity align in traditional ways. For example, a person assigned
female at birth who identifies as a woman would be considered cisgender.

Current Understanding of Exogenous Testosterone’s Impact on the Voice

People assigned male and those assigned female produce both estrogen and
testosterone throughout their lives.” Before puberty, children of all sexes have
relatively low levels of both hormones. During puberty, estrogen increases
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in people assigned female, as does testosterone in those
assigned male.” In some ways, the physiological changes
in people assigned female who take testosterone are
similar to those in cisgender boys during puberty. In
cisgender boys, in addition to overall increases in height
and muscle mass, increased testosterone during puberty
causes the larynx to grow, the vocal folds to lengthen
and thicken, and the vocal tract to lengthen, leading
to lower pitch.* When adults assigned female take tes-
tosterone, their voices go through similar changes, but
because they are already adults, they do not grow taller,
and their laryngeal cartilages, which are more ossified
than those of an adolescent, are not believed to grow.’
These differences between the impacts of endogenous
testosterone (originating inside the body) on cisgender
boys and exogenous testosterone (originating outside
the body) on persons assigned female necessitate further
investigation.

Numerous studies on the transgender voice have
been published over the last several years, but Block
contests “there is relatively little data (at the writing
of this chapter, around 100 speakers) on the changes
exogenous testosterone brings about in transmasculine
speakers.”® While limited, this research shows that, con-
trary to early assumptions that exogenous testosterone
unproblematically “masculinizes” voices, it can lead to
many vocal problems, including restrictions in pitch
range and variability, limited vocal stability, power, and
endurance, and self-reported dissatisfaction with the
voice.” Some of the research on speaking touches on
changes to singing voices (for example, see Damrose,
Van Borsel and Baeck, and Cler),® but findings on the
singing voice in these studies are minimal.

A handful of publications focus more explicitly on
singing. Constansis, considered the foundational study
in the area, hypothesizes that while exogenous testos-
terone causes the vocal folds of adults assigned female
to thicken and lengthen, their larynges do not grow and
are not as flexible as those of cisgender boys.” The lack of
laryngeal growth and flexibility is because testosterone
was started in adulthood, when laryngeal cartilages have
typically begun to ossify and when height increases are
not expected.'® Constansis uses the term “entrapped
vocality” to describe the hoarseness, lack of control and
color, and limited power that he contends is caused by
“the encasing of [growing vocal folds] in an established
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laryngeal structure.”! He also hypothesized that starting
on a low dose of testosterone and slowly increasing to a
maintenance dose, giving more time for delicate vocal
structures to adjust, would lead to fewer vocal problems
than more quickly proceeding to a maintenance dose.
The study included Constansis himself, a classically
trained professional singer, and fifteen other singers.
Singers that started on a lower dose of testosterone and
transitioned more gradually and those under forty years
old when they began taking testosterone experienced
fewer singing problems.

In the last five years, several more anecdotal descrip-
tions of singing voice changes with exogenous testos-
terone have been published.'? Because data collection,
analysis, and findings are not well documented in
Constansis or the other publications on singing, it is
difficult to draw firm conclusions. Still, some general
patterns do emerge.”> With exogenous testosterone,
overall singing range gets lower and vocal instability,
hoarseness, and weakness occur as the range shifts.
Singers often lose access to the higher part of their range
early on and must relearn how to access it. In some sing-
ers, range constriction and quality issues improve over
time, but in others, the problems persist. While these
formally published descriptions are useful additions to
experiences informally shared by trans singers in person
and online, there is a clear need for a methodologically
rigorous assessment of how the assigned female singing
voice changes with exogenous testosterone. This project
addresses that need.

METHODS

The lead investigator/lead author, Ari Agha, is also the
individual whose voice change is described in this proj-
ect. With a Ph.D. in sociology, expertise in gender theory
and social science research methods, and over a decade
leading empirical research in academic, government,
and nonprofit settings, Agha was well suited for the dual
role of researcher and participant. Agha identifies as
nonbinary, uses they/them pronouns, and was 39 years
old at the inception of testosterone therapy. They are
a high intensity (5 hours/week) choral singer in select
amateur and semiprofessional ensembles. Before this
project, they had only sporadic private voice study, most
recently in the late 1990s when acquiring a minor in
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music. Perceptual assessments of the voice are primarily
provided by the second author, Laura Hynes (she/her).
Hynes is an associate professor of voice at the University
of Calgary, who has a DMA in voice performance and 20
years of professional performance experience in addition
to 15 years of teaching experience.

Context of the Study

Agha had been studying private voice with Hynes for six
months before the start of the project. To ensure a clean
baseline, data collection began before hormone therapy
was started. Voice lessons between Hynes and Agha
continued for 30 months after starting testosterone. In
addition to vocalized warm-ups and repertoire, Agha
sang the traditional Shaker hymn, “Simple Gifts,” every
six to eight weeks throughout the study to allow compari-
son of voice characteristics in the context of a song. The
piece was familiar, had a range of one octave, was easy to
transpose, and the lyrics resonated with Agha, also mak-
ing it a good fit for the performance creation project that
accompanied the research. (For more information on the
performance creation, see www.keyoft.com.)

Agha’s singing goal was to maintain a healthy voice.
They were not seeking to achieve a traditionally “mas-
culine” range or timbre. Quite the opposite, while they
knew a shift down in their range was likely unavoidable,
Agha worried about losing access to head voice and the
tone becoming more breathy and less resonant. Given the
risk of voice damage, Agha considered a broad range of
resources in 2015-2016, when they were planning their
gender transition. Constansis'* and Sims'" were the most
relevant formal resources available at the time. Another
valuable source of information was informal statements
from transgender singers who shared their experiences
with singing voice changes, some of which appear in writ-
ten format (for example, see Riverdale).'® Best practices in
vocal health and pedagogy that are relevant to all singers
were also considered. In consultation with Agha’s endo-
crinologist and Hynes, the following approach was used:
1. Agha planned to take 12 months to bring testosterone

levels within the typical range for cisgender men."” Agha

intended to do this this by starting on a low dose and
gradually increasing to a maintenance dose, instead of
achieving a maintenance dose shortly after starting.'®
2. Hynes and Agha followed established practices of
good vocal hygiene and pedagogy, intending for
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Agha to continue singing throughout the transition,
provided there were no indications of excessive
vocal strain. Anecdotal evidence shows that it is not
uncommon for transgender singers using exogenous
testosterone to completely stop singing during their
transition for several reasons, including physical
discomfort and vocal fatigue, vocal instability and
hoarseness, constriction of range, and emotional
distress (for example, Riverdale)."”

3. Voice lessons with Hynes continued throughout the
study. Key to facilitating a healthy transition was
Hynes’s expertise in understanding the voice and her
ability to identify and address technical challenges
that arose or were exacerbated during the transition.

Data Collection

Following are more details on the data collected in the
study: perceptual and clinical measures of the voice,
hormone dosage and blood serum levels, and Agha’s
perspective on the emotional, embodied experience of
the voice change.

Perceptual measures of singing voice

Hynes provided perceptual evaluations of Agha’s voice.
Instances of Agha describing their own voice are indi-
cated. Voice lessons occurred approximately once per
week for 30 months, less frequently in summer months.
Every six to eight weeks, Agha sang “Simple Gifts” in
voice lessons. All lessons were video/audio recorded. At
each lesson, Hynes documented, in writing, the top and
bottom notes of Agha’s range, transition areas, and other
observations about vocal quality. Recorded sessions
were referenced when needed to verify written records.

Clinical measures of voice

Agha sought support from a speech language pathologist
(SLP) to ensure healthy speaking voice use. Information
from those sessions supplements perceptual voice mea-
sures. Additional information includes fundamental
frequency in conversation and reading and visualization
of the vocal folds through flexible laryngoscopy with
stroboscopy.

Measures of hormones

Unlike prior research, hormone levels were tracked
to assess Agha’s relationship to singing voice changes.
Hormone measures include the dosage of exogenous
testosterone and blood serum levels of total testosterone,
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free testosterone and estradiol (a measure of estrogen).
Blood serum levels were measured approximately every
three months as part of regular medical monitoring.

Measures of Agha’s emotional, embodied
experience of voice change

Agha used several approaches to document their voice
change experience: informal written journal entries,
essays/blog posts, and video blogs. Agha used an open
ended/unstructured approach, recording thoughts,
feelings, reflections, and experiences as often as desired.
There were a total of nine written journal entries, three
essays/blogs, and 12 video reflections. Agha manually
coded reflections identifying themes that arose from
the content.

RESULTS

This section begins with a detailed description of when
and how Agha’s singing voice changed. Next, informa-
tion about potential connections between hormones
and voice changes are explored. Then, learnings from
supplemental clinical data on voice changes are summa-
rized, followed by an exploration of Agha’s emotional,
embodied experience of living with a changing voice.

Timing and Nature of Changes in Singing Voice

This investigation assesses changes in total and func-
tional singing range, timbre, register transitions, and
registration strategies. The highest and lowest notes in
a singer’s range can change for many reasons that have
nothing to do with hormones or permanent physiologi-
cal changes, including fatigue, dehydration, and stress, so
caution is warranted in attributing significance to small
changes. It is also important to note that at least three
different factors can explain changes to Agha’s singing
voice in this study: (1) physiological changes brought
about by exogenous testosterone; (2) time/experience
singing with these physiological changes; and (3)
changes to technique from lessons and practice. These
factors overlap and interact in complex ways. Vocal
changes should not be solely attributed to testosterone.

Comparison: pre-testosterone and
30 months with testosterone

Before beginning testosterone, Agha’s total range was C;
to Ce, with a functional range from F*; to A;. They were
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a choral alto singing almost exclusively in head voice,
employing mix and chest voice only while descend-
ing below the staff, around B; and below. Head voice
passaggio began around Cs. Voice quality was reedy,
bright, straight tone, and clear with some occasional
breathiness.

After 30 months of taking testosterone, Agha’s total
range had shifted a fourth lower, from G, to G;, with a
functional range of B, to Fs. Agha’s head voice passaggio
descended to around By, and a chest-head voice passag-
gio at E, emerged as the primary vocal transition event.
Head voice quality gained richness and vocal weight
through the transition, with a coarse edge developing
at the very top of the range. While still primarily using
straight tone, their voice was generally fuller, with
an emergent brassiness throughout, a significantly
increased reliance on chest voice production, and some
pressed phonation in the lower part of the range.

Process of change over time

Figure 1 shows the total range (highest and lowest notes)
before beginning testosterone and for 30 months with
testosterone. The first notable change in range began
after five months with testosterone, with the addition of
three half steps down in the lower range. Three weeks
later, Agha’s highest note was between a half step and
whole step lower, and a pronounced break emerged
at Ab; as they descended into chest voice. This break
occurred at the beginning of a prolonged period of vocal
instability and fatigue. The top and bottom of their range
continued to shift downward very gradually in an almost
parallel fashion. Unlike other published studies,” as well
as informal anecdotes shared by transgender singers,
Agha did not experience a dramatic loss of head voice
at any point during the transition. By 14 months, range
shift had settled, though development of the lower voice
was still in process.

Agha’s singing goal was to maintain a healthy voice
rather than achieve a traditionally “masculine” sound,
and they expressed concern about losing access to the
head voice. Because of this goal and concern, lessons
included ongoing attention to head voice, chest voice,
and mix. Head voice was regularly exercised through
vocalization and repertoire. Chest voice was explored
and developed concurrently, at first primarily through
vocalization, and eventually with the addition of lower
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Figure 1. Singing range over time.

repertoire, including the transposition of “Simple Gifts”
into lower keys. Though range, timbre, and registration
strategies changed over the study, Agha generally main-
tained ease and clarity in head voice, and the tone gained
richness and vocal weight. While they retained access to
head voice throughout, by 6.8 months, the uppermost
part of this range took on a slightly more strained and
noisy falsetto-like quality. As new low notes emerged, the
tone was initially growly and of limited functionality. For
instance, while Agha could produce lower sounds upon
gaining three half-steps at the bottom of the range (B,,
Bb,, and A,) at month five, they were not yet functional
for repertoire. Eventually, though, the tone became more
stable in low chest voice, and by the end of the study,
Agha’s functional range extended to B,.

A critical factor in Agha’s voice change was increased
vocal fatigue and decreased stamina while speaking and
singing, beginning five months after starting testosterone
and continuing throughout the study. Some of this can
likely be attributed to the change of registration, from
relying almost exclusively on head voice mechanism to
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sustaining extended periods of chest voice/mixed reg-
ister use in singing. The shift in technique and fatigue
likely contributed to additional pressed phonation in
the speaking voice and in the lowest singing notes, and
a worsening of laryngeal elevation and excess breath
pressure while singing, which were already present.
Combined, these factors led to strain and a “shout” qual-
ity from A; to E,, and difficulty navigating the sensation
of “turning over” through the unsettled chest passaggio.”!
Agha described feeling excessive phlegm and an urge to
cough and noted fatigue was especially apparent in long
choir rehearsals. To address fatigue, Agha made sure to
properly warm up the voice on their own before choral
rehearsal, took frequent breaks from singing in choral
rehearsal (such as avoiding repeated lines), and used
straw phonation water therapy as a cool down afterward.
At 20 months, Agha’s voice and technique had stabilized
enough to comfortably work up to E, in chest voice. By
24 months, upper chest voice use was stabilizing and
would become more consistently accessible in the fol-
lowing months.
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TABLE 1. Illustrative examples of “Simple Gifts.”*

Months with Testosterone

D (highest, range A; to A,)
A (middle, range: E; to E,)

F (lowest, range: C; to C,)

*Listen to this recording at https://www.nats.org/Journal_of _
Singing_Multimedia_.html.

“Simple Gifts” over time
Tracking Agha’s singing of the song “Simple Gifts” pro-
vided another perspective on their voice change. Agha
could sing the song in several different keys at each
recording, but identifying which key best suited their
changing voice offered important insights. Suitability
was based on vocal stability, tone quality, and ease. The
most suitable key reflected, essentially, the best work-
ing tessitura at any given time. (Table 1 includes audio
clips to illustrate Agha’s voice in different keys at differ-
ent times.) >* Before beginning testosterone, Agha sang
“Simple Gifts” most comfortably in the key of D (range:
A; to Ay), using head voice. At 8.4 months, the key of A
(down a fourth, range: E; to E,) was a better match for
supporting their technical progress. The song was still
primarily sung in head voice and mix due to considerable
vocal instability in chest voice. In particular, Agha noted
encroaching tension in the uppermost part of their head
voice. Even while they felt more power and capacity in
chest voice, they had less ease, stability, and control there,
with frequent cracking. In choral rehearsals, they were
most comfortable switching between alto and tenor parts
to reduce strain, as either voice part on its own sat in a
tessitura that exacerbated either tension or instability.
At 9.2 months, the key of A was still the best fit, but
“Simple Gifts” was also recorded lower again, this time
in F (range: C; to C,) to allow Agha to experiment with
different parts of the range. Even though the key was
lower, they still sang primarily using head voice and
mix, opting for the ease and stability there over chest
voice alone, which remained unstable. As Agha became
accustomed to the sensation of singing in chest voice, it
was easier to shift fully into that register, even though it
was still unstable. A capacity for chest/head mix devel-
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oped gradually. By 28.4 months, they were still refining
control in their chest voice while singing “Simple Gifts”
in F (range: C; to C,), but with far more stability and
ease than before. At that time, “Simple Gifts” was also
recorded in D (the original key, in head voice), which
was still the most stable and clear. By the end of the
study, 30 months, head voice production remained more
stable and consistent overall, but F was the better key
for Agha’s changing voice and technique.

Hormone Dosage and Levels and

Changes in Singing Voice

Information about testosterone dosage and levels is
shared to understand how they may relate to voice
changes. This information should not be considered
a recommendation or guideline for others transition-
ing with exogenous testosterone. Agha had a positive
relationship with an endocrinologist and strongly advo-
cated for their goals of maintaining a healthy singing
voice and transitioning gradually. All decisions about
testosterone dosage were made together by Agha and
the endocrinologist.

Agha took testosterone cypionate (brand name, Depo-
Testosterone, manufactured by Pfizer Injectables), 100
mg/ml, administered via intramuscular injection. They
started taking 1.0 ml every two weeks, which the endocri-
nologist described as a low starting dose.”* At 7.5 months,
the dosage was decreased to 0.75 ml, but frequency was
increased from every two weeks to every week, mean-
ing Agha was receiving a higher overall dosage. At 24.5
months, the dosage was decreased to 0.70 ml every week.
Testosterone dosage is often the first factor considered
when taking stock of testosterone-related changes.
Because of variation in how bodies process the hormone,
dosage on its own is of limited value. Considering blood
serum levels adds substantially to understanding how
testosterone impacts the body.

Blood serum levels of estrogen and testosterone were
measured approximately every three months as part of
regular medical monitoring. Measures were taken at
trough, shortly before the next administration of testos-
terone was due. Estradiol reflects estrogen levels. Both
total testosterone and free testosterone were collected,
but total testosterone is reported.**

As stated previously, Agha’s plan for hormone therapy
was to bring blood serum levels of testosterone within
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Figure 2. Total Testosterone blood serum over time.

the typical range for cisgender men over the course
of 12 months. Blood serum levels were not recorded
before starting to take testosterone. Figures 2 and
3 show blood serum levels of total testosterone and
estradiol with columns, while the cisgender male level
of each hormone is indicated, for reference, with a grey
shaded box.” Figure 2 shows that total testosterone was
within or somewhat above the cisgender male range (10
to 25 nmol/L) beginning with the first blood test, 1.6
months after starting testosterone, and throughout the
study. Figure 3, on the other hand, shows that estradiol
levels remained above cisgender male levels (48 to 154
pmol/L) until 9.9 months and remained in the higher
end of or slightly above the typical cisgender male range
throughout the study.

Figure 4 combines Figure 2, top and bottom of sing-
ing range, with Figure 3, total testosterone blood serum.

MARCH/APRIL 2022

The horizontal lines show the top and bottom of the
singing range and refer to the left axis. The columns
show total testosterone level and refer to the right axis.
The shaded box indicates the cisgender male range of
testosterone (10 to 25 nmol/L) for reference. By start-
ing with a low dose of testosterone, it was not expected
that blood serum levels would be within the cisgender
male range so quickly. This quick arrival at the cisgender
male range caused some concern that voice changes
may occur rapidly. Even though testosterone levels were
within cisgender male range from very early in the study,
changes in singing range did not begin until five months
after starting testosterone and continued changing
until 14 months after starting testosterone. In addition
to being within cisgender male levels from early on,
total testosterone levels did not vary significantly over
the study, with all but one measure being between 18.3
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Figure 3. Estradiol blood serum over time.

nmol/L and 26.2 nmol/L. This lack of variation made
drawing connections between testosterone levels and
voice changes empirically challenging.

Because estradiol levels typically decrease over time
with exogenous testosterone, the potential intervening
impact of estradiol was not anticipated.*® Although
empirical research is lacking, the persistence of estra-
diol at the higher end of or slightly above the typical
cisgender male range throughout the study may have
contributed to the gradual nature of the decline and
continued access to head voice; this topic warrants
further investigation.

Supplemental Clinical Information

Two additional sources of clinical information supple-
ment these findings. While the focus of this study is the
singing voice, Table 2 includes data on fundamental
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frequency in reading and conversation from four time
points: before starting testosterone, 13.0 months,
14.2 months, and 16.0 months with testosterone. Pre-
testosterone measures indicate Agha’s mean fundamen-
tal frequency on reading task, 180 Hz, was within typical
cisgender-female range, 180 Hz to 220 Hz.*” All three
post-testosterone measures indicate Agha’s speaking
voice was within typical cisgender male range, 100 Hz
to 140 Hz.*®

Three flexible laryngeal stroboscopies were con-
ducted, one before starting testosterone, a second
after 8.5 months with testosterone, and a third after
34 months with testosterone. In the pre-testosterone
and 34 month videos, the larynx was open with fully
visualized vocal folds from the anterior commissure to
the posterior glottis and only very mild type III muscle
tension pattern (MTP) on phonation (initially described

JOURNAL OF SINGING
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TABLE 2. Fundamental frequency.

Months with Testosterone

Mean reading rainbow passage 180 Hz 132 Hz 137 Hz 135 Hz
Range reading rainbow passage n/a 111 -275Hz n/a n/a
Mean conversation n/a 117Hz 119 Hz 117 Hz
Range conversation n/a 109 - 286 Hz n/a n/a

by Morrison and Rammage).” In contrast, the 8.5 month
video shows increased type III MTP and the addition of
mild type II MTP. This clinical assessment of increased
tension mirrors and validates the increased vocal insta-
bility observed in lessons.

From visual inspection, the true vocal folds appeared
fuller at 34 months than they did in pre-testosterone
assessment. The width of the vocal folds, defined as the
distance from the free edge to the arcuate line at the
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midpoint between the anterior commissure and vocal
process, and referenced to the length of the vocal folds,
defined by the distance from the anterior commissure
to the vocal process, was calculated in a normal respi-
ratory cycle with modal phonation using the ratio of
width to length to control for different scope position
and magnification effect. Using this method, the vocal
fold width to length ratios were 0.24 pre-testosterone,
0.32 at 8.5 months, and 0.41 at 34 months, indicating
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that the vocal folds thickened and became heavier with
time, confirming the visual inspection. While the litera-
ture has long assumed that exogenous testosterone leads
to thicker vocal folds, this is among the first studies to
document this change.

Agha’s Emotional, Embodied Experience
of Voice Change

So far, the focus has been on describing how Agha’s voice
changed. This section shifts attention to how Agha felt
as their voice was changing, using journal entries, blogs/
essays, and video reflections as data sources. Agha’s
experiences should not be assumed to be typical of or
broadly applicable to other people who transition with
exogenous testosterone. This description can provide
some examples of one transgender person’s experiences
and highlight the importance of paying attention not
just to the qualities of the voice but also to the singer’s
experiences.

Uncertainty

Agha began testosterone therapy at age 39, well into
adulthood. Singing had been a source of joy and fulfill-
ment throughout their life. While their livelihood did
not rely on their ability to sing, the potential that their
singing voice could be irreversibly damaged was the
greatest fear when deciding whether to take testosterone.
Reflecting this concern, uncertainty featured promi-
nently across all data sources beginning before they
started taking testosterone and continuing throughout
the study. See this excerpt from a video reflection (the
ensuing quotations from video reflections are edited
for clarity):

I’'m uncertain about what this process of changing is
going to be like. I'm uncertain of what it’s going to be
like for my voice to be different from what it was before,
even though I, of course, want it to be different. That’s
why I'm doing this. ’'m uncertain about what 'm going
to end up sounding like. I'm uncertain about what that’s
going to feel like for me, in my body. I'm uncertain about
how I will feel about my voice, how I will connect with
my voice, and if it will still feel like mine.

Complex responses to change

The first change in Agha’s singing voice happened after
five months when their lowest note shifted down (see
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Figure 1). Agha had chosen to transition gradually.
While, objectively, five months is not very long, Agha
was both eager and anxious in the time between starting
testosterone and their first voice change. When that first
change happened, they were overjoyed and relieved.

It is February 8, 2017, and my range has finally changed,
it appears! This is really happening! It feels super, freak-
ing exciting and rewarding and like “Ahhhhh!” finally,
something is happening, it’s awesome, it’s just awesome.
It’s a tiny change, but it’s a real change. It is such a relief
that things are actually starting to change.

While their immediate reaction was positive, the
value they place on singing and the uncertainty of how
testosterone would impact their voice made things more
complicated. Not long after their singing voice began
changing, Agha shared:

It’s exciting that things are changing, and that’s great,
and at the same time, it’s like, “Oh my god, things are
changing!” I want them to change, and at the same time,
it’s frightening that they’re changing.

Losing head voice was troubling to Agha. This con-
cern was a combination of worry about losing access to
the higher part of the range altogether and about the
timbre of the upper part of the range becoming more
breathy and less resonant. This excerpt is from after
a discussion Agha and Hynes had about the expected
shift from primarily singing in head voice to primarily
singing in chest voice.

That idea of losing my head voice makes me bereft. It
makes me sad, and it makes me scared to not be able to
experience that anymore. There’s a part of me that almost
can’t understand what that means. That is how I sing, I
sing in my head voice, that’s what I do, so to do some-
thing different to sing, I don’t know, it’s hard to imagine.

As described previously, Agha retained access to much
of the upper part of the range throughout the study. They
reflect on the experience of continuing to sing alto after
a particularly poignant choir rehearsal of G. Gabrielli’s
“Hodie Christus Natus Est” (1615).

It felt really good, in my body, to produce those sounds
... With all of the ways my voice has been changing, it
was reassuring that I'm still singing alto ... I felt this
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connection with my voice and with what my voice
has always been.

While they were preoccupied with concerns about the
upper part of the range and curious about a deepening of
the range, they were less focused on how the tone of the
lower range might be different. Noticing the increased
power and shift in resonance was exciting.

It felt really good to sing in my chest voice today. The
sound was expansive. It’s not just that I can sing louder
than I used to. I think it’s the resonance that’s different.
It felt really awesome. I felt empowered. It is a very dif-
ferent sound than I was making a year ago when singing
in this part of my range, and I really like it.

Vocal fatigue and instability

Agha’s increased vocal fatigue and instability began
around the same time their singing voice began to
change, persisted throughout the study, and caused Agha
substantial distress. In a blog post, they write:

I try never to push my voice beyond what is comfortable.
This is much easier said than done, though, because I
love to sing. I want to sing. In (choir) rehearsal, I'm sur-
rounded by singing voices, and it’s frustrating to have to
stop for a while or hold back.*®

Before beginning testosterone, Agha paid little atten-
tion to register transitions. Continuing to do so became
more difficult as those transitions became unstable. “I
have a lot of instability, especially in the lower passaggio,
my voice is cracking and squeaking, and it’s discon-
certing to not know what sound is going to come out
when I try to sing.” This uncertainty about their voice
was especially troubling in auditions when they were
competing with adult singers while their voice was still
quite unstable.

I felt frustrated, annoyed, and angry. I was also self-
conscious. I mean, I'm an adult singer, and I'm having
to deal with this change in my voice ... unlike cisgender
folks who went through this transition many years, if not
decades, ago [when they experienced puberty].

This section provides some examples of how Agha felt
as their voice was changing. For ease of understanding,
themes were grouped into three categories, but Agha’s
lived experience was complex, multifaceted, and mal-
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leable. Singers and teachers are encouraged to allow
space for the emotional aspects of living with a changing
voice and to consider how these factors can influence
vocal development.

DISCUSSION

This project advances research on transgender singing
voice transition in several ways. It brings together per-
forming arts pedagogy and medical/clinical perspectives,
including both perceptual and clinical voice measures
and assessing the relationship between hormone levels
and voice changes. It includes audio recordings, provid-
ing valuable illustrations of Agha’s voice at several points
during the transition. By describing Agha’s embodied,
emotional experience of living with a changing voice,
it highlights the need to consider the person behind
the voice, in addition to the qualities of the voice.
Methodologically, it adds to the literature by begin-
ning data collection before testosterone was started
and repeatedly measuring the voice over the course of
thirty months.

While the project was rigorous and carefully planned,
it is still a case study. There is no “control singer” who
did not take testosterone, a second experimental singer
who used a different approach to transition with which
to compare Agha’s experience. Case study evidence
cannot be used to demonstrate causal relationships,
but it does provide a thorough, detailed description of
one person’s experience, test methods to document this
type of voice change, and set the stage for additional case
studies. This section uses current scientific understand-
ing to make sense of Agha’s voice change, understand-
ing that some explanations may need to be adjusted or
dropped as scientific knowledge evolves.

The parallel nature of the shift down in Agha’s total
range and their continuous access to head voice through-
out the transition was substantially different than other
published studies,* as well as informal anecdotes shared
by transgender singers, which show a dramatic loss of
head voice followed by gradually improved access to
this range. Two factors may help to explain this out-
come. First, Agha felt a strong emotional connection to
the head voice and worried about losing access to the
higher parts of their range. Because of this, and given
its stability and familiarity, lessons intentionally focused
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on regular exercise of the head voice, which may have
contributed to Agha maintaining access to it throughout
the transition. In addition, despite starting on a low dose
of testosterone, Agha’s blood serum level of testosterone
was within the reference range for cisgender men from
1.6 months after starting. Even with this quick arrival
at cisgender male testosterone levels, Agha’s singing
voice did not begin changing until five months after
initiation. The continuation of estrogen at the high end
of or above cisgender male levels throughout the study
may also have contributed to the gradual and parallel
nature of changes. These unexpected findings regarding
hormone levels do not suggest that starting on a low dose
of testosterone and increasing gradually is unwarranted
or that monitoring blood serum levels of hormones is
unnecessary. They show that it is important to allow
time for voice changes to occur and that it is worth
considering the possibility that estrogen may intervene
in the impact of exogenous testosterone.

The lowering of range is often the primary focus in
testosterone-related voice transition, but this study
shows substantial changes in two other areas: timbre
in both head and chest voice and which registration
mode was primarily used. Beginning with timbre, over
the study Agha’s head voice gained richness and weight,
while the chest voice became fuller and brassier, with
some pressed phonation. Regarding registration, Agha
shifted from primarily singing in head voice to primar-
ily singing in chest voice. This shift to greater reliance
on chest voice was accompanied by vocal instability
(documented in singing lessons and with increased type
III MTP and the addition of mild type II MTP in stro-
boscopies). This shift required adjustments to technique
and coordination. After a lifetime of attachment to and
experience singing as an alto, developing these skills was
an ongoing process that developed slowly and required
dedicated effort in lessons and practice.

Agha’s experience fits with the reduced stamina and
vocal fatigue that has been documented in research on
the impact of exogenous testosterone on both speaking
and singing.’? Agha’s vocal fatigue emerged after five
months taking testosterone, and it persisted throughout
the study. This issue impacted multiple facets of Agha’s
life. Their voice was often tired after a workday with
typical vocal load. In lessons, Hynes remained attuned
to indicators of vocal fatigue and adjusted as needed.
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Low stamina was especially noticeable in choral rehears-
als. Before transition, Agha did not tire from a typical
choral rehearsal (2.5 hours), but stamina decreased
substantially shortly after range changes started. By the
end of the study, vocal stamina had begun improving.

Another important contribution of this study is the
focus, not just on how Agha’s voice changed but also
on their emotional and embodied experience of going
through a voice change. What is most important about
Agha’s experience of voice change is that it was not a
simple story of moving from unhappy to happy. After a
lifetime of deriving great joy from singing, the potential
of voice damage made their experience of voice transi-
tion complicated. They understood that the singing voice
would change with testosterone therapy, and while they
eagerly anticipated and celebrated changes, changes
also caused worry and anxiety. Agha was grateful to have
maintained access to head voice. Discovering new power
in chest voice was exciting, but vocal instability and the
slow process of adjusting technique were frustrating.
Long-lasting vocal fatigue was especially challenging as it
impacted multiple facets of their singing: choral singing,
solo singing, voice lessons, and at home practice.

Since Agha began taking testosterone in 2016, there
has been some growth in information about these kinds
of voice changes; however, singers transitioning with
exogenous testosterone today still have little certainty
about outcomes. Creating space for a range of emotions
and responses to voice changes is vital in supporting
singers going through a gender transition. One way to do
this is by continuously centering the student in the voice
studio and understanding that the student’s experience
of their voice, their goals, and their concerns, can shift
and change over time.

RECOMMENDATIONS FOR
FUTURE RESEARCH

This section begins with recommendations for how to
create research teams that will enable rigorous, compre-
hensive scholarship on this topic, then shifts to method-
ological and knowledge circulation recommendations.

Research partnerships between voice teachers, voice
scientists, and singers are necessary for a thorough
understanding of transgender voice change. If the singer’s
perspective is left out, a critical component will be miss-
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ing. The present project’s partnership between singer
and voice teacher originated with the singer (Agha)
who was already a skilled and experienced researcher.
Partnerships with singers can take many different forms
(for example, see Cler et al.).** A singer does not need
specialized training to be a productive research partner.
It is common for transgender people to document their
gender transitions in writing, video, and audio, and
share this documentation online as a resource for others
considering gender transition. These grassroots efforts
highlight the resilience of the transgender community
in the face of formal scholarship that is limited in both
quantity and quality. Rather than dismissing these grass-
roots efforts as “unscientific,” voice teachers and scientists
can partner with transgender singers to formalize and
systematize a method that is already familiar to them.
For more guidance, see literature on community-based
participatory research and similar methodologies. For
a unique combination of knowledge and experience,
the reader is referred to a recent study by Graham and
Glasner.* Graham is a professional transgender singer
and teacher, who brings performance and teaching
experience together with training in voice science to
document his own voice transition.

In addition to partnering directly with singers, voice
teachers and voice scientists can benefit by collaborating
with professionals in other fields. Working with speech
language pathologists (SLPs) will expand the pool of
training and experience brought to the work.”” It will
also facilitate more comprehensive support for both
speaking and singing changes in people taking testoster-
one. To avoid perpetuating harmful assumptions about
transgender people, researchers working on transgender
voice transition need a solid understanding of the basics
of gender theory. It is crucial that this understanding go
beyond using accurate terminology. Scholars of trans-
gender voice transition need to understand foundational
concepts like social construction, biological essential-
ism, and differences between assigned sex and gender.
Researchers lacking this background or who are in the
process of learning this literature can collaborate with
women’s and gender studies scholars.

Turning to methodological considerations, given how
little is known about the impacts of exogenous testoster-
one on singing, the field would benefit from additional
carefully planned case studies of one or a few singers
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that track changes for 18 months or more (especially if
a gradual approach to transition is taken), include mul-
tiple data sources, and assess connections with hormone
levels. Documenting the singer’s experiences with voice
change can also provide valuable insights. These studies
will broaden understanding of the ways singing voices
change with exogenous testosterone and suggest patterns
to explore as similarities and differences in individual
experiences emerge with more findings published.

Future case studies would benefit from collecting
information for multiple data points before starting
testosterone to establish pre-testosterone norms more
thoroughly. A great deal could be learned by supple-
menting perceptual measures of singing voice changes
with acoustic analysis. Tracking whether vocal tract
length changes with exogenous testosterone to ascertain
whether the Cler et al. finding of growth in the vocal tract
is typical could have important implications for technical
approaches for transitioning singers.*

Peer review and scholarly publication are important
means of ensuring rigor and disseminating knowledge,
but they also make information inaccessible to a broad
swath of the population. Even with open access, the
language and style used in academic publications can
be a barrier to understanding. To make information on
exogenous testosterone and singing more easily acces-
sible, researchers, in addition to publishing in academic
journals, are encouraged to post in plain language over-
views of their work in free, online forums while abiding
by copyright regulations.

This article is the most rigorous scientific description
to date of the singing voice change of an assigned female
singer taking testosterone. In addition to clearly articu-
lating the nature and timing of changes to Agha’s sing-
ing voice, offering illustrative audio examples of Agha’s
changing voice, providing new information on potential
connections between voice changes and testosterone
and estrogen, and additional insights from clinical data,
the article demonstrates that Agha’s experience of going
through a voice change was complex and multilayered.
Singing throughout the vocal transition and working
with a skilled and compassionate teacher helped ensure
that Agha could continue singing in a healthy way and
that they learned the skills needed as their anatomy and
physiology changed.
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