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ABSTRACT

This study focuses on the analysis of the changes that the
voice undergoes in the process of taking sex change hor-
mones, with the aim of comparing these changes to create
a transitional vocal passport. For this purpose, three sam-
ples were taken from the informants: before the hormones
were taken, during the hormone treatment and once the
treatment was finished; within the informants we found
changes of sex from female to male and changes from
male to female with the intention of making a comparative
analysis. This work is necessary because there is almost
no evidence or studies of trans voices, which is a problem
because they are absolutely indispensable for many fields,
such as forensic linguistics and clinical linguistics. These
sciences are growing in these last decades, so it is of prime
necessity to continue advancing in them and to cover all
those lines of research that are unknown and are so impor-
tant, as is the case of this study for authorship attribution,
for psychoacoustics...
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1. INTRODUCTION

Voice is an identifying feature, no two voices are ex-
actly alike anywhere in the world (Nolan and Oh, 1996) !,
hence it is often compared to a fingerprint>. So it makes
sense that it is often referred to as a ‘vocal passport’,
which is the creation of linguistic profiles. The production
of these passports is crucial for forensic linguistics, as it
helps to find the person suspected of a crime. Less recog-
nised is the contribution of this task to clinical linguistics,
but it can also be of great help in assessing speech or lan-
guage disorders, which specialists such as phonoaudiol-
ogists or speech therapists will then use to apply a treat-
ment, in addition, linguists can subsequently pass test bat-
teries related to the pathology being treated to see how the
evolution of the disease is ‘attacking’ the language.

Speaking of pathologies, the World Health Organisa-
tion in [2] claimed that transsexuality was a mental illness
and encapsulated it in section 17, ‘conditions related to
sexual health’. It was given the name gender incongruence
and explained that ”is characterised by a marked and per-
sistent incongruence between an individual’s experienced
gender and the assigned sex. Gender variant behaviour
and preferences alone are not a basis for assigning the di-
agnoses in this group”. Fortunately, we can see that the
WHO rectifies in [3] and does not include transsexuality
as a disease. However, in section b 180, “Experiencias
relacionadas con uno mismo y con el tiempo”, the follow-
ing is mentioned:

! Cited by Elena Garayzéabal and Mercedes Reigosa in [1].

2 According to Lawrence G. Kersta (1962), “initial successes
indicated that a voiceprint identification system analogous to ex-
isting fingerprint identification is a possibility. Subjective match-
ing of voiceprints has resulted in success scores of better than
97%”.
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Funciones mentales especificas relacionadas
con la conciencia de la propia identidad, del
propio cuerpo, de la posiciéon de uno mismo
en su mundo y en el tiempo. Incluye: fun-
ciones de la experiencia de uno mismo, de
la imagen corporal y del tiempo. 3

Trans people are those who do not identify with their
biological sex and this can lead to a mental health prob-
lem due to different factors, such as social pressure, dis-
crimination, isolation, lack of security etc. However, gen-
der discordance itself is not an illness. In other words,
this condition can lead to mental health problems, but not
necessarily; sometimes it occurs due to external factors,
sometimes it has to do with non-identification with one-
self and sometimes it is usually the sum of the two. The
organisation Transaludes in [4] devotes a section to the re-
lationship between trans people and mental health, let’s
look at the tables of the results obtained:

Figura 34, Proporcion de personas que refirieron au s, pensamientos suicidas o intentos de

suicidio

Transmasculinidades
aunclesiones | [[EEEE 40,5

45,25

30.6%

Autolesiones 26,1

T

2652

Figure 1. Proportion of people who reported self-
harm, suicidal thoughts or suicide attempts

In [4] they explain that Fig. 1 and Fig. 2 give an idea
of the serious consequences of exclusion, discrimination

3 This could lead one to think that it refers to the process of
transition from male to female and female to male, but from a
much more respectful approach.

Figura 33. Principales problemas de salud diognosticados por unfafe médico/ale en los ultimos 12
meses

-

Trastornes de conducta alimeniaria

Otros problemas de salud mental - 204 x
COVID-19 129 x
Dolor de espalda crénico lumbar 9.7 =
Dolor de espalda cronico cervical 727 x
Tiroides 61
Colesterol 54 s
Hipertension 33
Diabetes 16 %
Osteoporesis || 12 x

Figure 2. Main health problems diagnosed by a doc-
tor in the last 12 months

and violence experienced by trans and/or non-binary peo-
ple. In the first figure we can see the proportion of peo-
ple of each gender identity who report having experienced
self-harm, suicidal thoughts and attempts. Furthermore,
we can see that the two main mental health problems they
experience are anxiety and depression, anxiety at the top
with 47.5% and depression with 39.6%.

For this reason, it is important that we approach
the topic from different disciplines. It has been stud-
ied for some years from different fields of knowledge
such as medicine in general, and more specifically from
endocrinology, psychology, and to a lesser extent from
otorhinolaryngology. However, there is little research on
trans people from the humanities and the main findings
have been logopaedic. That is why I consider that lin-
guistics has to address this “new”* reality, with the ad-
vantage of being inter-, transdisciplinary. When I came to
this conclusion, I started to review the background and I
was obliged to include research from very different areas,
so that the present study would give a current overview
and to be able to support the results obtained.

With this, it is worth noting that the human brain, bi-
ologically speaking, is exactly the same in women and

* We have been living with trans people for centuries, but to-
day it is a socially accepted reality or should be accepted because
there are laws and regulations that protect the rights of transgen-
der people.
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men [5]7, so it is reasonable to think that the change of
sex does not imply a change in the cognitive level. The
physical differences are the most noticeable, as they are
the ones we can see first through sight, which is one of
the senses most used by human beings. However, when it
comes to perception, specifically that related to language,
hearing is also of great value. Acoustic and auditory per-
ception are fundamental in our daily lives: “Listeners are
able to identify talkers by their voices with a great deal
of accuracy and very little trouble. Even when voices are
unfamiliar, listeners have very consistent impressions of
a talker’s gender, height, weight, etc.” [6]. In the same
article, they rightly point out that:

The most important finding is that voice
gender is not stored in abstract male and fe-
male voice representations. Instead, voice
gender appears to be stored in the form of
auditory-based perceptual representations.
These representations, in all probability,
contain specific auditory information about
acoustic voice parameters relevant to gen-
der.The results of experiment 4 suggest that
these representations are not based on one
isolated parameter like FO or formant fre-
quencies. Instead, the representations are
probably an auditory composite of the vari-
ous acoustic factors relevant to voice gender
like FO, formant frequencies,breathiness,
etc. Although there is a close relationship
between phonetic coding and voice coding
processes during perception, the representa-
tions of phonemes and voices appear to be
qualitatively different in that phonetic rep-
resentations may not be as detailed © .

So the challenge is to get the voice to modify so much
that it corresponds to the gender they identify with and, as
we can see, this is not an easy task because many param-
eters have to be taken into account. In this article, we will
analyse the fundamental frequency, since it is a pilot test
of a work that will be extended later on. There are many

3 Neuroscientist Gina Rippon analysed the brains of babies
who were not yet exposed, due to age, to social roles and showed
that they were exactly the same in both sexes in [5].

® In addition, it must be taken into account that the vocal cords
of male voices are biologically thicker from adolescence on-
wards, boys and girls have the same vocal cord structure, which
is why it is often difficult to recognise the sex of an infant.
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articles that concern other disciplines such as glottoplasty
operations, type III thyroplasty, type IV, injections of fill-
ing material, etc. Therefore, we will prioritise voices that
have only been treated with hormone replacement ther-
apy ' : testosterone for masculinisation and oestrogens for
feminisation. There is much more background on vocal
feminisation as it is a more complex process than mas-
culinisation, as testosterone reaches the voice better than
oestrogen, in other words, oestrogen does not change the
pitch of the voice significantly, whereas testosterone does
produce a thickening of the vocal cords. In voice mas-
culinisation processes, hormone treatment is usually suf-
ficient, while trans women usually go to speech thera-
pists and ENT specialists to remove tension from the vo-
cal cords and continue to raise the fundamental frequency
until they feel comfortable with their voice.

2. HYPOTHESIS AND OBJECTIVES

Considering the facts previously stated, the following hy-
pothesis and objectives have been established:
HYPHOTESIS:

e HIl: Trans voices undergo changes at different
stages.

e H2: The fundamental frequency of trans voices,
after HRT, approach the mean fundamental fre-
quency of cis voices.

OBJECTIVES:

e Ol.
stages.

Examine trans-voice changes at different

e 02. Check that the fundamental frequency of trans
voices are close to the mean FO of cisgender voices.

3. METHODOLOGY

This research focuses mainly on the analysis of trans
voices at three stages: before starting hormones, during
treatment 3 and after the treatment is “finished” ? ; the fun-
damental frequency of the voice at the different stages will

7 And that they have received vocal therapy if they have re-
ceived it, i.e. that they have not undergone any surgery affecting
the voice at the time the audios were recorded.

8 Comprising approximately an intermediate stage in the pro-
cess. Samples have been taken from the tenth month for this
stage.

°The inverted commas are used here because hormone re-
placement therapy is sometimes a lifelong treatment, as the
change can be reversed and thus the effectiveness of the hor-
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be analysed and compared using the free-to-use Praat tool
and, afterwards, a comparison will be made between the
process of voice masculinisation and vocal feminisation.
As this is a sensitive topic and, as we have seen, can be
traumatic for many people, the search for informants be-
came a challenge. So I decided to take the samples from
videos posted on the public network, in this case, Youtube,
which I then converted into MP3 audio using the Y2Mate
converter and trimmed with Audacity. Each sample is
thirty seconds long.

These audios correspond to trans people who have
narrated their process in hormone therapy (HRT) and have
shared it publicly online; it was a decision taken based
on the need for the sample to be sufficiently representa-
tive for a pilot test, which will later be expanded, as it is
hoped that this research will give visibility to the collec-
tive and improve the quality of life of these people and
their environment. Both vocal feminisation and masculin-
isation will be studied, but specific treatment will not be
considered ' | because some informants in the network
do not specify the treatment they are following and I do
not have access to communication with these informants.
Samples were chosen without too much background noise
to ensure maximum reliability of the results. The sam-
ple is composed of 4 trans women and 4 trans men, with
the intention of achieving equity and balance. All of them
are English speakers, it is not known if they are all native
speakers, but they are fluent in English, varieties of the
language will not be taken into account. No specific age
range is specified, but the informants must be young peo-
ple with a stabilised voice, since during adolescence there
are many vocal changes, and as we reach a certain age the
voice varies.

3.1 Terminology

The term ‘trans’ will be repeated or, failing that, alternated
with the term ‘transgender’ ! instead of ‘transsexual’, as
not all people who do not identify with their biological sex

mones taken earlier is lost. By “finish” I mean the moment when
the voice stabilises, we have taken samples from month eighteen.

10 There are many types of treatment: gel, injections, sprays...

' As [7]: “we use the phrase transgender and gender diverse
(TGD) to be as broad and comprehensive as possible in describ-
ing members of the many varied communities that exist glob-
ally of people with gender identities or expressions that differ
from the gender socially attributed to the sex assigned to them at
birth. This includes people who have culturally specific and/or
language-specific experiences, identities or expressions, which
may or may not be based on or encompassed by Western con-
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have the desire to change their physical appearance !> . As
this is a work that deals with sensitive data and narrates
a process that can lead to mental health issues, I intend
to be as cautious as possible, including transgender peo-
ple, transsexual people, and non-binary people. However,
only people whose voice has been modified by taking hor-
mones will be studied, as the aim of this work is none
other than to analyse and observe the change in voice in
three different time periods.

4. RESULTS

MALE'S EVOLUTION OF F0'S MEAN

.\—.

250

200

0 months 10 months 18 months

Figure 3. Male’s evolution of FO’s mean.

FEMALE'S EVOLUTION OF F0'S MEAN

0 months 10 months 18 months

Figure 4. Female’s evolution of FO’s mean.

It can be seen in Fig. 3 that trans males in the tran-
sition from O months to 10 months lower the mean fun-

ceptualizations of gender or the language used to describe it”.

124No todas las personas transexuales desearfan cambiarse
de sexo ni estarian incémodas con sus genitales. existe una
categoria de personas dentro de la transexualidad conocidas
como transgénero, que se sentirfan identificadas con el género
contrario al de su sexo genital pero no desearian modificarlo”
(Mejia, 2006. Cited by Janet Noseda in [8]).
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damental frequency significantly, more specifically, 36.85
Hz on average. Afterwards, it continues to drop, but the
change is practically imperceptible: 4.3 Hz. Therefore,
we can infer that from the intermediate to the ‘final’ stage,
from 10 months to 18 months, there is a stagnation or sta-
bility. In the case of trans women, see Fig. 4, something
similar occurs: the most noticeable changes occur in the
first 10 months. From the pre-oestrogen stage to the in-
termediate stage (10 months) they increased on average
31.25 Hz. Then, from 10 months to 18 months the change
is more noticeable than in men, but it is not a big change
either: 12.77 Hz, while in men there was only a 4.3 Hz
difference.

EVOLUTION OF F0'S MEAN

\
e

250

200

150

100

0 months 10 months 18 months

=—8—=MALE =—#—=FEMALE

Figure 5. Evolution of FO’s mean.

In Fig. 5, it is interesting to see that in the intermedi-
ate phase both genders tend towards a similar fundamental
frequency of around 150 Hz. This is interesting because
the average FO for males is at 120 Hertz and 210 Hertz
for cisgender females, especially in the case of Western
languages [9]. Therefore, at 10 months trans women and
trans men reach an intermediate range between the aver-
age values of cisgender men and women.

As mentioned above, trans women aim to raise the
hertz of their voice to achieve a higher pitched voice,
while trans men, in vocal masculinisation, aim to lower
the hertz to make the voice sound deeper and more similar
to what we perceptually consider ‘masculine voices’.From
this information, the following questions were calculated
in Tab. 1: the progress of trans people (men and women)
from 0 months on hormones to 18 months into the process,
the distance between the average fundamental frequency
of cisgender voices and trans voices before starting hor-
mone therapy and, finally, the distance between the aver-
age values of FO in cisgender people and the average value
obtained from trans people in the 18th month of HRT.

Looking at Tab. 1, we can see that the average FO of
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trans men from month O to month 18, i.e. from the first
stage (pre-testosterone) to the last (18 months on testos-
terone), has dropped by 20.24%. And that at the begin-
ning (0 months), FO is 40.99% above the cis-male aver-
age, but that after 18 months, it approaches the typical
cis-male range, with the difference reduced to 26.01%.
On the other hand, trans women experience an increase
in fundamental frequency of 35.00% between the early
and late stages. In the pre-oestrogen phase, FO is 66.98%
lower than the average for cisgender women. However,
after 18 months of hormone therapy, the gap is reduced to
23.69%, approaching the cisgender female range, but not
quite reaching it.

4.1 Clinic linguistics

These results should be provided during treatment, not
only tests to measure testosterone and oestrogen levels,
but also giving patients the right to receive detailed infor-
mation about the changes in their voice. In addition, en-
docrinologists in the first contact before starting any treat-
ment should use some of these examples to explain that
it is not a linear process, that it takes time, but that there
really are noticeable changes in the voice; with data and
real cases it shows that it really is possible.

The figure of the linguist together with that of the
speech therapist is essential, as long as there is no over-
lap: the speech therapist is in charge of vocal therapy and
the linguist is in charge of narrating the changes in au-
ditory perception in consultation with the Praat tool to
provide real and accurate data. In addition, it is essen-
tial to consider other aspects, such as the tension of the
vocal cords, the appearance of nodules and other condi-
tions that may appear due to the effort to modulate the
voice. A vocal passport of before, during and after should
be made to demonstrate that the changes are real, even
though some patients continue to suffer from vocal dys-
phoria after treatment.

4.2 Forensic linguistics

The realisation of such vocal passports in their three stages
could make a significant contribution to forensic linguis-
tics, which faces a major challenge in identifying speakers
who have modified their voice. However, as we have seen,
voice is a personal thing and there are parameters that
remain virtually unchanged 13 However, wheeled voice
recognition would not be a reliable test in the case of a

13 Tt will be taken into account in the extension of this work.
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Table 1. Longitudinal Comparison of Vocal F0 in Cis and Trans Speakers: Progression at 0, 10, and 18 Months

and Relative Distance to Cisnormative Values
Subjects 0 months

10 months 18 months F0 mean cisgender voices Progress 0-18M Distance 0M-cisgender Distance 18M-cisgender

Male 203,3385Hz 166,486 Hz 162,188 Hz
Female 125,764 Hz  157,0145Hz 169,782 Hz

suspect whose voice has been modified by HRT, because
an untrained ear could be overlooking many details that
are fundamental to recognise that the voice it is hearing
belongs to the same person who committed the crime in
the past.

As [1] point out, “se ha de recordar que en este pro-
ceso selectivo es necesario tener en cuenta las variables
bésicas relativas al autor que la victima aporté durante su
entrevista (sexo, edad, variedad dialectal, etc.), pero por
encima de todo el grado de similitud con la voz del sospe-
choso”. The “sex” section in this case is a challenge, not
because the suspect does not identify with his or her bio-
logical sex, but because it no longer corresponds to what
the victim saw or perceived as such a long time ago and
because the offender might therefore have changed his or
her physical appearance and other features such as voice.
This is not to say that trans people have an advantage
over non-trans people when it comes to offending, but that
trained ears, i.e. linguists, are needed to deal with the sit-
uation. This is why the figure of the forensic linguist has
been in vindication for decades, but has received so little
recognition.

5. CONCLUSIONS

We can see from the figures that there is a significant
change in fundamental frequency and that, if we take into
account the three-stage process, we can see that the voice
becomes more and more similar to that of the sex with
which they identify. After these first results, it would be
useful to add one or two more stages after the eighteen-
month stage, to see if there is still an evolution or if, on the
contrary, there is a stagnation from the 10-month stage un-
til the new stage is added. The most important inference,
in my opinion, is to obtain real data showing the change in
voice and thus to be able to determine that vocal femini-
sation and masculinisation through HRT is a process that
contributes to the well-being of trans people and conse-
quently to the people around them. There is a need for
linguists in hospitals to accompany trans people in this
life-changing process and for linguists in the judicial field
who are able to determine the almost unalterable basic fea-

120 Hz 20,24%
210 Hz 35,00%

40,99%
66,98%

26,01%
23,69%

tures of people regardless of any treatment [1].
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