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Alternating Masculinized and Feminized Vocal Motor Behavior: 
A self-study Single-Case Experimental Design (SCED):
Abstract
Researchers are becoming increasingly interested in the effectiveness of gender-affirming voice (and communication) training. To date, no study has assessed the possibility of a person alternating between feminized and masculinized vocal motor behavior, although this type of demand is growing among non-binary people, artists, and binary trans people. The aim of this article is to determine whether an individual can alternate between two vocal motor behaviors (VMBs), one feminized and the other masculinized, without creating vocal dysfunctions. The assigned-male-at-birth participant-researcher underwent 10 feminizing vocal training of  30 minutes each, one per week, with another Speech and Language Therapist. Measures were taken in a span of 23 weeks. Three research questions are addressed: (1) How can a feminized VMB be acquired by the assigned-male-at-birth participant-researcher?  (2) How does the masculinized VMB change after acquisition of the feminized VMB?  (3) How does the feminized VMB change over time if it is not used permanently? The quantitative prospective self-study Single-Case Experimental Design (SCED) was used to assess the acoustic parameters related to fundamental frequency, formants, and prosody at eight different times (four with a feminized voice and four with a masculinized voice), whereas the self-study design allowed qualitative aspects and a proprioceptive description of the VMBs. The masculinized VMB was not affected by the alternating VMBs during the experiment. An upward trend from the first to the last measure times in feminized VMB was observed for the resonance frequencies of the third and the fourth formant (fR3 and fR4), as well as for the mean resonance frequency (fRM). Significantly higher parameters were reported in feminized VMB for the length of the vowels (Tvow), the resonance frequency of the fourth formant (fR4), pitch (fo) and its variation in continuous speech (sd_fo) compared to masculinized VMB. The results show that the participant-researcher was able to acquire a second VMB that was different from the first. The voice of the participant-researcher kept being healthy. In addition, the feminized VMB improved over time as shown by the upward trend observe in some parameters.
Keywords: transgender; gender-affirming voice (and communication) training; vocal motor behavior alternation; vocal motor behavior; self-study; transgender voice.

Introduction
Trans and gender diverse people may seek help to modify their voice when its incongruence with the gender of the speaker causes suffering or limits interaction. Speech therapists are often the voice and communication specialists who can provide this type of gender-affirming care when it is needed. The clinician's role is to educate and train the patient on the factors and forces that can influence the voice when communicating their sense of sociocultural belonging, and to prevent and resolve any communication problems they may encounter (Coleman et al., 2022).
Recently, methods for caring for trans people’s voice and communication have emerged, in both English (Adler et al., 2019; Courey et al., 2023; Hancock & Siegfriedt, 2020; Mills & Stoneham, 2017, 2020; Sauerland, 2022) and French (Klein-Dallant, 2022). Similarly, systematic reviews of the literature exist to designate the acoustic parameters of interest in gender-affirming voice care, but all of them point to low-quality, low-volume evidence to guide clinical practice (Leung et al., 2018; Leyns et al. 2021). Recent research reflects a noticeable shift in representation, with a growing emphasis on moving away from over-individualizing communication. Instead, there is a concerted effort to situate both communication and gender within the broader framework of biocultural forces that shape and influence the speaking agent (Azul et al., 2022; Azul & Hancock, 2020).
During voice feminization, Speech-Language Therapy (SLT) mainly targets an increase in pitch (Dahl & Mahler, 2020; Davies et al., 2015; Leung et al., 2018); decrease in sound pressure level (Hardy et al., 2020; Holmberg et al., 2010); timbre brightening by means of resonance enrichment (Arnold, 2015; Gallena et al., 2018; Gelfer & Bennett, 2013; Hillenbrand & Clark, 2009); and amplification of certain prosodic parameters, such as lengthening the duration of vowels and pauses (Andrews & Schmidt, 1997; Simpson, 2009), slowing down the speech rate (Fitzsimons et al., 2001; Lutz & Mallard, 1986; Verhoeven et al., 2004), and exaggerating intonation contours (Davies et al., 2015; Hancock et al., 2014; Oates, 2019). Voice feminization training has shown efficacy among individuals. Transgender people most often express a positive effect of their voice training (Arnold, 2015; Kim, 2020; Nolan et al., 2019; Oates, 2019).
Of these different vocal objectives, increased fundamental frequency (fo) and resonance enrichment (fR) are the two most studied acoustical parameters. fo is the number of vocal fold vibrations per second and the reference values indicate a neutral range between 140Hz-180Hz, a male range between 100Hz-140Hz, and a female range between 180-220Hz (Davies et al., 2015). In their meta-analysis, Leung et al. (2018) add that the frequency target for trans women could be to speak in a frequency range between 140Hz-300Hz with an average of speaking fundamental frequency above 180Hz. They also pointed to pitch as responsible for 41.6% of the variance in speaker gender identification. This showed that this parameter was the most important to work on, because it was the most statistically significant in speaker's gender recognition, nevertheless working on the pitch alone was not enough to change its perception. In a subsequent study, Leung et al (2021) showed that the effect size related to resonance was greater than that related to fundamental frequency, and they hypothesised that the lack of rigour in the resonance studies diminished its importance in the prior meta-analysis. Those two parameters are also the one aimed by Leyns and collaborators in their randomized controlled trial on the acoustical effects of feminizing speech therapy (Leyns, Daelman, et al., 2023) and listeners’ perception of the feminized voice (Leyns, Meerschman, et al., 2023). 
Taken together, these studies show that the results of vocal feminisation are better when therapies are aimed both at pitch elevation and increasing resonance. After gender-affirming voice care, 33% of trans women were perceived as women (6.9% before vocal feminization), 37% were still perceived as men (81% before vocal feminization) and 30% as neutral (12.1% before vocal feminization) (Leyns, Meerschman, et al., 2023). According to Leung et al. (2021), fR1 is correlated with a bigger jaw drop and vertical tongue position (Lee et al., 2016), fR2 is correlated with lips spreading and tongue position along the vocal tract (Lee et al., 2016), fR3 is correlated with forward position of the tongue tip (Sundberg, 1987), fR4 is correlated with the shape and size of the laryngeal cavities (Takemoto et al., 2006) and all fR are correlated with the length of the vocal tract (Sundberg, 1987).
Although the scientific literature shows that voice feminization is not optimally effective, we wonder whether the success criteria and the qualification of success are relevant in this case. If not entirely, could we see the use of the feminised voice as a useful tool in certain situations, but one that need not be used in all contexts of existence? This non-permanent voice feminization possibility has not been considered in scientific literature (Leyns et al. 2021). This article is intended to introduce the vocal alternation topic and determine whether it could be a relevant area of investigation. Thus, a first step consists in verifying whether non-permanent feminization can be applied without causing vocal lesions or dysfunctions. In other words, can the alternation between feminized and masculinized VMBs be healthy?
In line with the goal of vocal alternation and the intention to de-essentialize the voice, this study adopts the term “vocal motor behavior” (VMB[footnoteRef:1]). This concept refers to the complex muscular interactions and gestures that generate an acoustic outcome: the voice. Depending on how the muscles are mobilized and the individual's anatomical characteristics of the phonatory apparatus (e.g., laryngeal and vocal fold volume), the VMB results in the production of different vocal qualities (Zimman, 2018). The voice is thus no longer considered as “natural” but rather as a bio-psycho-social construction—performed through habituated gestures and re-performed with each act of speaking. [1:  Throughout this article, we will refer to “feminized” or “masculinized” voice or VMB, without taking the participant-researcher’s gender assignment at birth into account. This choice is justified by the desire to remind readers that voice is underpinned by a constructed action (Zimman, 2018), anchored in a cultural (Traunmüller & Eriksson, 1995) and linguistic context (Yuasa, 2008). Voice is influenced by early socialization, as is shown by the gendered voice identification of prepubescent children, where physiological differences do not support it (Fitch & Giedd, 1999). It is situated at the intersection of different identities that affect the perception of vocal gender (Crenshaw, 1989; Medin et al., 2017) and can be voluntarily changed by the speaker (agentivity). This set of evidence leads us to say that the participant-researcher, who was assigned male at birth (AMAB), reproduces the socially constructed VMB they are used to, which, however, is no more “natural” than the feminized VMB they are attempting to acquire. Thus, “masculine” and “feminine” are used here as social referents, which are useful in relating to cultural stereotypes that are geographically and historically situated but that we do not consider to be intrinsic.] 

Aim of the study
The purpose of this study is to test the acquisition and maintenance of feminized VMB in a non-binary assigned-male-at-birth participant, along with the ability to alternate between masculinized and feminized VMBs. The objective of this study is therefore not to generalize the results to the entire trans population. The use of this case study in self-study is indeed exploratory, thus linking the quantitative and proprioceptive results of the participant-researcher to guide future studies. These confirmatory studies using other tools and other epistemological frameworks will provide clusters of evidence that will indicate the generalizability of vocal alternation without risk of injury or dysfunction. They will be more relevant and better informed because of it, which is all the more important ethically when we are working with a marginalized population such as the trans community. As the participant-researcher works on and with themselves, the supervision of the second and third authors of this article, as well as the supervision of vocal feminization teacher and the participant-researcher’s friends and family were all the more important. Firstly to assure that the experiment is and keep being comfortable, and secondly to check the biases that come along with a self-study design.
To reduce the risk of bias previously mentioned, enhance the rigor of this study, and improve its replicability, we aimed to explicitly describe the content of the vocal training sessions. To this end, we employed the Rehabilitation Treatment Specification System (RTSS), a framework that enables the identification of therapeutic actions (ingredients) used during sessions to achieve defined objectives (targets). In this study, we describe the specific gender-affirming voice training protocol and its active ingredients (Van Stan et al., 2021b). The active ingredients implemented are well-documented in the literature as effective components of voice training. Assessing the overall efficacy serves only as an intermediate step toward analyzing the vocal motor behavior (VMB) alternation process (Van Stan et al., 2021a). Indeed, in the context of vocal alternation, the primary interest of RTSS lies in demonstrating how feminization was carried out, identifying which ingredients are most relevant for feminizing the voice ; so they may later be withdrawn or adapted to support voice remasculinization, according to the desires of trans and gender diverse individuals.
Although it has not been yet studied, profiles that would benefit from a better knowledge of the mechanisms of vocal alternation have been identified. In fact, this study responds to the increasing demand from the non-binary community (Azul et al., 2018), members of which would like to acquire a voice that can sound feminine at some times and masculine at other times. It also responds to the needs of binary trans women who want a voice that is not clearly assigned to one gender, for social, psychological or personal reasons (Arnold, 2015). The artistic community could also find it interesting. This also responds to the wish of the Speech and Language Pathologist (SLP) participant-researcher to alternate between VMBs to clinically work with their trans patients.
Method and Materials
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. This study was approved by the ethics committee of the Faculty of Psychology, Speech Therapy and Education, University of Liège (no. 20210904), and the hospital-faculty ethics committee, University of Liège (no. B7072021000074).
Study design
We've implemented the Single-Case Experimental Design (SCED) methodology to enhance statistical power in a single-participant experiment. In our study, statistical power is derived from conducting repeated measurements at various time points (Krasny-Pacini & Evans, 2018). This criterion has resulted in statistical tests utilizing N (number of measures for each acoustic parameter) ranging from 176 to 246, depending on the acoustic parameter.
Figure 1 outlines the timeline of the experimental protocol that lasted for 23 weeks, from February 2, 2022, to July 4, 2022. 
· Duration: 23 weeks in total.
· Timeline structure:
· The participant-researcher alternated between using a masculinized and feminized voice across different weeks.
· The masculinized voice was adopted for 10 weeks (Weeks 1–4, 14–15, 18–19, and 22–23), shown as bars below the timeline.
· The feminized voice was adopted for 13 weeks (Weeks 5–13, 16–17, and 20–21), shown as bars above the timeline.
· Training period: The first 10 weeks represent the voice training phase (VT), marked at the beginning of the timeline.
· Measurements:
· Four measurement times for the feminized VMB (F1, F2, F3, F4), represented by upward arrows.
· Four measurement times for the masculinized VMB (M1, M2, M3, M4), represented by downward arrows.
· Week progression: The black circles with numbers indicate how many weeks have passed since the first measurement.


[bookmark: _Toc170229965]Figure 1: Timeline for the experimental procedure.
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To explain the SLT provided by Mariella Astudillo (Astudillo Ramírez, 2019), we use the Rehabilitation Treatment Specification System (RTSS) to detail the active components employed to achieve the objectives outlined in Table 1. The dosage of each parameter and its specific administration, as recommended by Van Stan et al. (2021a), are also included. Some terminology is adapted from the Motor Learning Classification Framework (MLCF). For example, prepractice refers to the moments during SLT when the speech-language pathologist (SLP) establishes the desired vocal motor behavior (VMB), while practice refers to the application and effective use of the VMB outside the SLT setting (Madill et al., 2020). Additionally, Knowledge of Performance (KP) feedback provides information on the movement process, offering insights into the VMB or guiding its modification (Oppici et al., 2021).
Table 1: Rehabilitation and Treatment Specification System (RTSS) description of the Speech and Langage Therapy (SLT).
	Target
	 
	 
	Ingredients
	 

	What/In What Way
	Group
	 
	Ingredient
	Dosing parameter

	1. Decrease conversational sound pressure level.
	Skills and Habits
	 
	- Give prescriptive KP verbal feedback from SLP during the participant-researcher's production 

- Give opportunities for vocal practice on held vowels and continuous speech (text reading and then spontaneous speech).
	- In prepractice, between 3 and 8 times per session. Especially during the first 4 weeks of SLT.


- In prepractice and practice. Whenever the participant uses the feminized VMB.

	2. Increase conversational pitch
	Skills and Habits
	 
	- Give prescriptive KP verbal feedback from SLP during the participant-researcher’s production.

- Give visual feedback by VoiceTools during production.



- Give opportunities for vocal practice on held vowels and continuous speech (text reading and then spontaneous speech).
	- In prepractice, between 5 and 15 times per session. Whenever necessary, so less and less.  


- Whenever the participant does exercises during practice, so every day for the first few weeks. 

- In prepractice and practice. Whenever the participant uses the feminized VMB. First by exaggerating and then by looking for a more natural sound.

	3. Increase tonal amplitude
	Skills and Habits
	 
	- Giving opportunities for vocal practice on vowels held in a siren (increasing then decreasing glissando)
	- In pre-practice and in practice. Each time the participant-researcher produces a siren. Between 15 and 25 per SLT session for the first 5 weeks.

	4. Increase pitch modulation
	Skills and Habits
	 
	- Give descriptive and prescriptive KP verbal feedback from SLP during and after the participant's production 

- Give visual feedback by VoiceTools during the production 


- Give opportunities for vocal practice on continuous speech (reading of text then spontaneous speech)
	- In prepractice, between 3 and 8 times per session. Whenever necessary, so less and less.   


- Whenever the participant does exercises during practice, so every day for the first few weeks.  

- In prepractice and practice. Whenever the participant uses the female VMB. First by exaggerating and then by looking for a more natural sound.

	5. Anteriorize and clarify resonance. Place it at the oral level.
	Skills and Habits
	 
	- Give prescriptive KP verbal feedback from SLP after the participant-researcher's production. The main instructions were: "open your mouth more" and "raise your eyebrows"

- Give opportunities for vocal practice on held vowels and continuous speech (reading text then spontaneous speech). 
	- In prepractice, between 3 and 8 times per session. Whenever necessary, so less and less.     





- In prepractice and practice. Whenever the participant uses the feminized VMB.

	6. Increase knowledge about vocal feminization.
	Representation
	 
	- Provide volitional ingredients by giving opportunities to discuss and providing information about femininity, the goals of one's exercises.
	- 2 times. During the first and last sessions.

	7. Changing beliefs and representation of femininity
	Representation
	 
	- Provide volitional ingredients by inviting to observe the communication of the women in the participant-researcher's entourage.  

- Have the participant-researcher write a logbook where they notes their feelings and difficulties related to their feminized voice and its use.
	- 1 time during the 7th session.     





- Written weekly, the day before the SLT session. 

	8. Increase motivation and opportunities to use the feminized voice
	Skills and Habits
	 
	- Provide volitional ingredients by creating the habit of sending audio recordings via a communication device.  

- Provide volitional ingredients by setting goals between sessions.
	- Every day for the first 7 weeks.    



 - 1 time. Gives the objective of no longer going below 200Hz on an exaggerated reading by observing VoiceTools.


Note : VoiceTools is a mobile application indicating the pitch of phonation in real time via a dynamic graph. KP = Knowledge of Performance feedback
Reflexive situation of the method, participant-researcher and the authors
The design of this study parallels the “self-study” model used in teaching, as the first author is the participant (self-student) (Denzin & Lincoln, 2005; Hamilton, 2004). The value of this model resides in the combination of roles (participant and researcher), each of which informs the other. The learner’s experience is enriched by who they are as an individual, with their specific characteristics, motivations and experience (LaBoskey, 2004; Pinnegar & Hamilton, 2009). It is reminiscent  of the Clinician Expertise pillar in Evidence-Based Practice (EBP4). This pillar enables clinicians to make clinical decisions based on their experience, in addition to taking into consideration the best evidence, patient values, and the environment and context in which they live and work (Hoffmann, 2017; Maillart & Durieux, 2014). Self-study relies on using intimate personal experiences as sources of knowledge and competence to improve one’s practice. 
This view of knowledge creation through experience can be linked to the concepts of situated knowledge (Haraway, 1988) or connected knowledge (Hill Collins, 1986), which emerged from the epistemology of gender studies. These theoretical frameworks encourage us to consider our identity and ideological positioning in the production of scientific and clinical knowledge in order to situate them and confront them with other kinds of disciplinary anchoring and socioeconomic habitus or with opposing hypotheses. This practice is intended to bolster our objectivity by legitimizing personal and embodied experience, rather than seeing it as a bias. 
In this article, AH will be described as the “participant-researcher.” This methodology meets their professional desire to alternate VMBs as a SLP, but also the ethical imperative of not exposing marginalized trans people to a variable that has never been tested before: alternation between VMBs. As a result, qualitative elements will be included in the discussion of the quantitative results in order to bring the different types of data into dialogue and take advantage of this methodological opportunity.
Antoine Henrotin, the participant-researcher and primary author of this article, is a PhD candidate in Speech and Language Sciences at the University of Liège (ULiège). Their research focuses on gender-affirming voice care, specifically on vocal transitions between masculinized and feminized VMBs, approached through the lens of gender and queer studies with an emphasis on ethical and ecological considerations. At the time of the study, Henrotin was in the final year of their university studies, specializing in voice therapy. Their native language is French, and they had undergone six years of vocal training—three years in classical singing (baritone) and three years in popular singing. They were assigned-male-at-birth and they present rather masculine but their gender identity is queer (they/them or he/him), and they critically positions themself in relation to the cis-hetero-patriarchal norm (Bereni et al., 2020). Henrotin’s personal and social support network, including family and friends, was highly supportive during the experimental protocol.
This article, adapted from Henrotin's master's thesis, which received the François Delor National Award for the best LGBTQIA+-related thesis in Belgium, represents his first contribution to scientific literature. Their PhD research is conducted under the supervision of Dominique Morsomme, a cisgender woman (she/her) and professeure ordinaire (equivalent to an endowed chair professor), who provided oversight of the methodological rigor, thematic input on gender-affirming voice care, and manuscript writing. Fabian Pressia, a cisgender man (he/him) and PhD candidate in Educational Sciences, contributed to the study by overseeing the statistical protocol to mitigate potential biases related to confirmation and selection. He also participated in manuscript writing.
Henrotin's vocal expertise likely influenced both their initial VMB (Wu et al., 2023) and their ability to acquire and alternate between masculinized and feminized VMBs. Nevertheless, considering the exploratory and non-generalizing nature of this study, this expertise was framed as a resource for highlighting proprioceptive aspects of VMB transitions. Furthermore, ethical considerations dictated that it would have been inappropriate to expose marginalized trans individuals to the study without specific evidence ensuring their safety (Alessandrin, 2018). Future studies should investigate the impact of initial vocal expertise on VMB alternation to expand on these findings.
During the composition of this article, Henrotin further specialized in gender studies, with a focus on queer theory, epistemology of situated knowledge, and the ethics of care. These theoretical inputs informed the epistemological reframing of the study, which incorporated a transdisciplinary perspective on the empirical data. The bibliography includes references from a variety of fields, such as speech-language therapy, vocal pedagogy, feminist philosophy, sociolinguistics, sociology, and trans materialism. The use of French-language literature, grounded in the French-speaking academic context of Belgium, aims to internationalize the cultural and theoretical framing of the study. 
Tasks and measures
To obtain quantitative data, acoustic parameters were extracted from four recorded task productions. The tasks recorded by the participant-researcher at each assessment time (M1-F4 and F1-F4) were (1) sustained vowels (triple production of /a/ in the usual voice); (2) a spontaneous reading of the dialogue “Scénette Delattre” (Delattre, 1966); (3) two spontaneous readings of the text “Quand René périt” (Harmegnies & Landercy, 1988); and (4) a semi-spontaneous production based on  Hallin et al.’s (2012) six images, where the production starts with “This is the story of….” All of these tasks were completed at a comfortable fundamental frequency and sound pressure level in the target VMB.
A composite index indicating vocal health, the Acoustic Voice Quality Index (AVQI; Maryn et al., 2010), was calculated at each measurement point, using the AVQI v02.04 script in Praat. The pathological score adapted for French-language production is greater than or equal to 3.07 (Maryn, 2017; Maryn et al., 2014).
[bookmark: _Toc170229958]The acoustic parameters observed are presented in table 2 in association with the tasks or tools used to measure them. The parameters measured are those that have been shown in the literature to be relevant for gendering a speaker's voice, as presented in the introduction. 
Resonance frequency measurements were conducted during constant measurement tasks, specifically during reading and sustained phonation of the /a/ vowel. Consonants were excluded to avoid any extraneous noise. Given the nature of the tasks, coarticulatory influences were assumed neutralized, with vowel production remaining stable, as individual articulation factors were controlled by the consistency of the single subject.
Table 2: Acoustic parameters analyzed with the corresponding tasks and tools.
	Parameter
	Abbreviation (unit)
	Tasks
	Analysis tools
	Scientific underpinnings 

	Median fundamental frequency
	fo median (Hertz, Hz)
	· (1) 3 sustained /a/
· (2) “Scénette de Delattre”
· (3) “Quand René périt”
· (4) Hallin et al.’s 6 images
	Praat, Phonanium
Vocal fundamental frequency v.02.04
	Expected higher in feminized VMB (Dahl & Mahler, 2020; Davies et al., 2015; Leung et al., 2018)

	Variation in fo in continuous speech 
	sd_fo (Hertz, Hz)
	· (2) “Scénette de Delattre”
· (3) “Quand René périt”
· (4) Hallin et al.’s 6 images
	Praat, Phonanium
Vocal fundamental frequency v.02.04
We measure the standard deviation in Hz.
	Expected higher in feminized VMB (Davies et al., 2015; Hancock et al., 2014; Oates, 2019). 


	Variation in fo in continuous speech in semitones
	sd_fost (semitone, st)
	· (2) “Scénette de Delattre”
· (3) “Quand René périt”
· (4) Hallin et al.’s 6 images
	Praat, Phonanium.
Vocal fundamental frequency v.02.04. 
We measure the standard deviation in st.
	Expected higher in feminized VMB (Davies et al., 2015; Hancock et al., 2014; Oates, 2019). 

	Resonance frequency of first formant
	fR1 (Hertz, Hz)
	· (1) 3 sustained /a/
· (2) “Scénette de Delattre”
· (3) “Quand René périt”
	Praat: Get F1 command
	Expected higher in feminized VMB (Hardy et al., 2020; Leung et al., 2021)

	Resonance frequency of second formant
	fR2 (Hertz, Hz)
	· (1) 3 sustained /a/
· (2) “Scénette de Delattre”
· (3) “Quand René périt”
	Praat: Get F2 command
	Expected higher in feminized VMB (Houle & Levi, 2021; Kawitzky & McAllister, 2020)

	Resonance frequency of third formant
	fR3 (Hertz, Hz)
	· (1) 3 sustained /a/
· (2) “Scénette de Delattre”
· (3) “Quand René périt”
	Praat: Get F3 command
	Expected higher in feminized VMB (Carew et al., 2007; Hardy et al., 2020; Leung et al., 2021)

	Resonance frequency of fourth formant
	fR4 (Hertz, Hz)
	· (1) 3 sustained /a/
· (2) “Scénette de Delattre”
· (3) “Quand René périt”
	Praat. Get F4 command
	Expected higher in feminized VMB (Leyns, Daelman, et al., 2023)

	Mean resonance frequency
	fRM (Hertz, Hz)
	· (1) 3 sustained /a/
· (2) “Scénette de Delattre”
· (3) “Quand René périt”
	Mean resonance frequency of the four formants
Formula:

	Expected timbre brightening by means of resonance enrichment in feminized VMB (Arnold, 2015; Gallena et al., 2018; Gelfer & Bennett, 2013; Hillenbrand & Clark, 2009)

	Vowel duration
	Tvow (second, s)
	· (3) “Quand René périt” at times M1, M4, F1 and F4
	Praat: Get selection length command on a TextGrid file TextGrid files created with WebMAUS Basic
	Expected lengthening the duration of vowels in feminized VMB (Andrews & Schmidt, 1997; Simpson, 2009)


Recording and analysis equipment
The following equipment was used for recording: a portable Dell Latitude 5480 computer, no. 3K4JPH2, a Focusrite iTrack Solo Lightning transducer, an AKG C 544 L miniature head-worn microphone, and AKG K271 MK II audio headphones.
Recordings were segmented and analyzed with Praat (Boersma & Weenink, 2020), WebMAUS Basic (Kisler et al., 2017; Schiel, 1999) and Audacity software (Dannenberg & Mazzoni, 2020), as well as the Phonanium plug-in for Praat (Maryn, 2017). 
Research questions 
Three research questions were formulated:
How can a feminized vocal motor behavior (VMB) be acquired by the participant-researcher?
To address this question and assess the acquisition of the feminized VMB, we compared the acoustic parameters of the masculinized VMB (Mtot) with those of the feminized VMB (Ftot). We hypothesized that certain acoustic parameters would differ between the two VMBs. Additionally, we report on the proprioceptive differences noted by the participant-researcher between the masculinized and feminized VMBs.
How does the masculinized VMB change after the acquisition of the feminized VMB?
To answer this question and evaluate the stability of the masculinized VMB parameters after feminization, we compared the acoustic parameters at four time points: M1, M2, M3, and M4. We hypothesized that the parameters would remain stable over time, and therefore, the null hypothesis would not be rejected.
How does the feminized VMB evolve over time if it is not consistently used?
To investigate this, we compared the feminized VMB acoustic parameters at F1 (week 11), F2 (week 13), F3 (week 17), and F4 (week 21). Our hypothesis posited that these values would remain stable over time (acceptance of the null hypothesis). We expected the optimal level of feminization to be achieved immediately after speech-language therapy (SLT) at F1, with consistency in subsequent measurements (F2, F3, and F4). However, we also anticipated a potential decline in values as the participant-researcher might revert to “bad habits,” thus altering the VMB and diminishing its effectiveness without ongoing supervision. This acceptance of the null hypothesis reflects a stance of statistical neutrality. In retrospect, this hypothesis can be seen as overly attributing responsibility to the speech therapist and underestimating the patient’s own agency.

After observing differences across the evaluation times for the feminized VMB, we tested the reliability of the response to the first research question. To do this, we compared all vocal acoustic parameters across all time points (Mtot and Ftot) as well as the final stages of each VMB (M4 and F4) to examine the influence of temporal changes in VMB on acoustic parameters.
Statistical analysis
Since the normality hypothesis was rejected for most conditions, non-parametric statistics were used to analyze all the variables.
Firstly, medians and standard deviations are shown for each acoustic parameter at four assessment points. Two overall measurements indicate the values calculated on the basis of all the data extracted for the masculinized VMB (Mtot) and feminized VMB (Ftot).
Secondly, to determine whether the masculinized and feminized VMBs were significantly different, Wilcoxon tests were done for each vocal parameter. Effect sizes are presented using Spearman’s rank correlations to examine the correlation between the value of parameters and the difference between masculinized and feminized VMBs. This comparison makes it possible to differentiate between the parameters that are higher with a masculinized VMB and those that are higher with a feminized VMB. 
Thirdly, the Kruskal-Wallis tests enabled us to compare the different assessment times for the feminized and masculinized VMB. The parameters that show differences between measurement times were analyzed with multiple comparisons. To calculate them while correcting Type I errors, the Dunn-Bonferroni test adapted for non-parametric statistics was applied.
Results	
Descriptive analysis
Tables 3 and 4 show the medians and standard deviations for each acoustic parameter at four assessment points; table 3 shows the results for the masculinized VMB and table 4 for the feminized VMB. 
[bookmark: _Toc170229959]Table 3: Medians and standard deviations for vocal parameters measured with a masculinized voice.
	Parameter
Median and SD
	M1
	M2
	M3
	M4
	Mtot

	fo 
	128.66
(14.98835)
	129.7
(23.18199)
	114.91
(23.76086)
	120.59
(19.03223)
	128.6500
(21.05423)

	sd_fo
	16.975
(7.99094)
	20.945
(8.32674)
	21.835
(9.11422)
	19.105
(8.61806)
	19.515
(8.68643)

	sd_fost
	2.23
(0.82612)
	2.69
(0.67261)
	3.14
(0.85619)
	2.52
(0.62129)
	2.62
(0.7884)

	fR1
	355.935
(82.16360)
	364.825
(64.67608)
	368.945
(49.89528)
	360.6050
(78.18833)
	365.02
(68.99095)

	fR2
	1608.675
(209.87868)
	1589.115
(158.26071)
	1581.2
(182.25761)
	1584.780
(219.70401)
	1588.735
(191.10245)

	fR3
	2653.865
(97.67657)
	2669.380
(118.18159)
	2609.675
(94.34027)
	2652.670
(119.55572)
	2643.833
(108.93701)

	fR4
	3659.870
(154.70067)
	3634.990
(172.08224)
	3580.570
(172.79974)
	3584.210
(172.73434)
	3610.790
(166.83041)

	fRM
	2057.989
(85.10228)
	2059.291
(83.98606)
	2042.140
(89.42803)
	2050.986
(100.94663)
	2055.584
(89.17794)

	Tvow
	0.068
(0.02719)
	/
	/
	0.068
(0.10974)
	0.068
(0.08008)


Notes : The first line in each cell corresponds to the median and the second, in parentheses, to the standard deviation.
[bookmark: _Toc110944838][bookmark: _Toc170229960]Table 4: Medians and standard deviations for vocal parameters measured with a feminized voice.
	Parameter
Median and SD
	F1
	F2
	F3
	F4
	Ftot

	fo
	232.65
(30.03089)
	229.67
(34.19437)
	204.51
(35.00348)
	233.34
(25.89915)
	228.97
(32.21839)

	sd_fo
	53.445
(18.02149)
	63.83
(25.76472)
	62.865
(16.01667)
	71.48
(21.03761)
	61.255
(20.98274)

	sd_fost
	3.555
(1.10763)
	3.995
(1.45009)
	4.21
(0.98417)
	4.265
(1.17313)
	4.01
(1.22215)

	fR1
	339.235
(59.34691)
	364.33
(45.40230)
	329.61
(73.46410)
	347.86
(47.67812)
	350.3
(56.96866)

	fR2
	1503.765
(130.22969)
	1484.080
(124.67015)
	1512.460
(112.90117)
	1515.745
(141.12856)
	1503.765
(127.15672)

	fR3
	2560.47
(101.05463)
	2550.605
(89.23718)
	2584.840
(109.98885)
	2675.100
(87.24972)
	2586.850
(108.01055)

	fR4
	3715.175
(124.29317)
	3665.495
(179.28534)
	3732.130
(89.58462)
	3766.9
(104.07783)
	3713.750
(138.35173)

	fRM
	2021.364
(79.24475)
	2013.920
(67.76617)
	2043.109
(54.49056)
	2067.576
(71.31904)
	2039.365
(73.03855)

	Tvow
	0.0915
(0.04265)
	/
	/
	0.0935
(0.09348)
	0.0925
(0.0727)


Notes: The first line in each cell corresponds to the median and the second, in parentheses, to the standard deviation.
Research question 1: How can a feminized VMB be acquired by the participant-researcher?
Wilcoxon tests and Spearman’s rank correlations makes it possible to differentiate between the parameters that are higher with a masculinized VMB (fR2 and fR3) and those that are higher with a feminized VMB (fo, sd_fo, sd_fost, fR4 and Tvow). 
In table 5, for the parameters higher in feminized VMB, a strong correlation is observed for fo (r = .86, p < 0.01, N = 200). A moderate correlation can be observed for sd_fo (r = .76, p < 0.01, N = 176). The other parameters higher in feminized VMB are only weakly correlated: sd_fost (r = .47, p < 0.01, N = 176), fR4 (r = .42, p < 0.01, N = 192) and Tvow (r = .39, p < 0.01, N = 248). Two parameters higher in masculinized VMB show weak correlations : fR2 (r = –.27, p < 0.01, N = 192) and fR3 (r = –.23, p < 0.01, N = 192). Only the fR1 and fRM parameters do not present significant differences between the two VMBs. The Spearman’s rank correlation for the parameter sd_fost (weak correlation) is one degree weaker than that for sd_fo (moderate correlation).
[bookmark: _Toc110944840][bookmark: _Toc142319135]Table 5: Wilcoxon tests and rs comparing vocal parameters for the masculinized and feminized VMBs.
	Parameter
	N
	Mean score (F/M condition)
	Statistic
	Z
	Two-sided Pr > |Z|
	rs

	fo
	200
	150.230
	5077
	12.1498
	 < 0.0001
	0.86***

	
	
	50.770
	
	
	
	

	sd_fo
	176
	127.454545
	4360
	10.1414
	 < 0.0001
	0.77**

	
	
	49.545455
	
	
	
	

	sd_fost
	176
	112.386364
	5686
	6.2181
	 < 0.0001
	0.47*

	
	
	64.613636
	
	
	
	

	fR1
	192
	91.755208
	9719.5
	–1.1818
	0.2373
	–0.09

	
	
	101.244792
	
	
	
	

	fR2
	192
	81.739583
	10681
	–3.6792
	0.0002
	–0.27*

	
	
	111.260417
	
	
	
	

	fR3
	192
	83.489583
	10513
	–3.2429
	0.0012
	–0.23*

	
	
	109.510417
	
	
	
	

	fR4
	192
	119.656250
	7041
	5.7727
	 < 0.0001
	0.42*

	
	
	73.343750
	
	
	
	

	fRM
	192
	93.260417
	9575
	–0.8065
	0.42
	–0.06

	
	
	99.739583
	
	
	
	

	Tvow
	248
	304.421371
	47759.5
	8.6911
	 < .0001
	0.39*

	
	
	192.578629
	
	
	
	


Notes : In the Z column, significant differences concerning parameters for which the values are higher in the feminized VMB are indicated and underlined, whereas significant differences concerning parameters for which the values are higher in the masculinized VMB are in bold. In the rs column, weak correlations (.2 ≤ rs < .5) are indicated with an asterisk (*); moderate correlations (.5 ≤ rs < .8) with a double asterisk (**); and strong correlations (.8 ≤ rs ≤ 1) with a triple asterisk (***).
Finally, to take the participant-researcher’s vocal health into account, we calculated the AVQI score. The scores obtained according to v02.04 (graph 1) never exceeded the estimated pathological value of 3.07 at any assessment time. The scores at each time point illustrate the changes in AVQI values, reflecting vocal quality modifications.
[bookmark: _Toc170229966]Figure 2 : AVQI scores at different assessment times.
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Notes : Horizontally, measurement time points (1 to 4) in each VMB. Vertically, AVQI scores (ranging from 0 to 3). For instance, at time point 1 (M1), the AVQI score for the masculinized voice condition (M) was 1.88, while for the feminized voice condition (F1), it was 1.54. Subsequent time points show how these scores fluctuate, indicating differences in voice quality over time.
[bookmark: _Toc110944858]The participant-researcher was able to proprioceptively describe their VMBs according to whether they was looking for a more fem or masc presentation. Vocal structures and their mobilization are described in the following table (table 6).
[bookmark: _Toc170229964]Table 6 : VMB comparison.
	Vocal structures
	Masculinized VMB
	Feminized VMB

	Lingual tip (Astudillo Ramírez, 2019)
	No attention is paid to it. Rather flattened and in contact with the lower incisors.
	Tonic, seeking alveolar-dental contact.

	Lingual root (Accetta, 2022)
	Lowered, pressed on the mandibule.
	Kept high at times F1, F2, F3 (as it seeks to work synergistically with the height of the larynx). Lowered, but without pressing, at time F4.

	Height of larynx (Accetta, 2022)
	Mobile, median to low. Richer in low harmonics.
	Held in higher position. Richer in high harmonics.

	Aryepiglottic sphincter (Accetta, 2022)
	Wide, looking for a "round" sound, poor in high harmonics.
	Narrower. Aiming for a "clear" sound, richer in high harmonics.

	Prosody (Astudillo Ramírez, 2019)
	Monotonous and choppy
	Dynamic and legato

	Vocal onset (Accetta, 2022)
	Soft glottal.
	Simultaneous or blown (rarer).

	Vocal offset (Accetta, 2022)
	Simultaneous or glottal. Little attention is paid to it.
	Simultaneous or blown. End of phrase with glissando rise.

	Vocal folds’ mass (Accetta, 2022)
	Thick and sometimes loose (mechanism 0).
Aiming for a “full” sound.
	Thinner. The vocal folds are less close together, especially at times F1 and F2. The mass thickens at time F4. 
Aiming for a “soft” sound.

	Use of mechanism 2, often called head voice (Astudillo Ramírez, 2019)
	Never.
	Often.

	Posterior resonance space (Astudillo Ramírez, 2019)
	Enlarged behind the isthmus of fauces. Larynx and tongue lowered; veil raised, taut and glued to pharynx; pharynx and constrictors muscles activated.
	Little space at times F1, F2, F3. Aiming mouth resonance at the front of the isthmus of fauces at time F4. More natural bass resonance.

	Anterior resonance space (Astudillo Ramírez, 2019)
	Search for nasal resonances, target the bone socket to maintain resonant balance. Idea of vertical resonance.
	Search for frontal and buccal resonance. Idea of horizontal resonance.

	Mandible and jaw (Accetta, 2022)	
	Not very mobile, the tongue rests on it. Idea of masseteric activation.
	Liberated, seeking mobility and vertical openness. Idea of temporal activation.

	Lips (Accetta, 2022)
	Protruding and toned.
	In protrusion at times F1, F2 and F3. Seeking relaxation and spreading in F4. Transfer their tone to the jaw.

	False vocal folds (Accetta, 2022)
	Retracted in addressed voice, median in "lazy" voice.
	Always retracted


In conclusion, all of these elements together show that the participant-researcher presented two different VMBs that they was able to describe proprioceptively. Their voice quality remained stable regardless of which VMB was adopted, as the AVQI scores indicate. 
Research question 2: How does the masculinized VMB change after acquisition of the feminized VMB?
[bookmark: _Toc110944844]Kruskal-Wallis tests enabled us to compare the different assessment times for the masculinized voice (M1, M2, M3 and M4). The results are shown in table 7. The parameters that show differences between measurement times (sd_fo, sd_fost) in the masculinized VMB were analyzed with multiple comparisons. The multiple comparisons did not show any significant difference between the different measurement times for either the sd_fo or sd_fost parameters. These results indicate that there is no significant acoustic difference between the masculinized VMB used before the vocal training and after it. 
Table 7: Kruskal-Wallis tests on acoustic parameters in the masculinized voice.
	Parameter
	df
	Chi-square
	Pr > Chi-square

	fo
	3
	7.7104
	0.0524

	sd_fo
	3
	11.9848
	0.0074*

	sd_fost
	3
	17.3360
	0.0006*

	fR1
	3
	0.5458
	0.9087

	fR2
	3
	0.2091
	0.9761

	fR3
	3
	3.7916
	0.2849

	fR4
	3
	3.5779
	0.3108

	fRM
	3
	1.5939
	0.6608

	Tvow
	3
	0.2034
	0.977


Notes: The asterisk (*) indicates the parameters that are significantly different at the four measurement times.
Research question 3: How does the feminized VMB change over time if it is not used permanently?
Kruskal-Wallis tests enabled us to compare the different assessment times for the feminized voice (F1, F2, F3 and F4). The results are shown in table 8. fo, sd_fost, fR3, fR4 and fRM show differences between the measurement times in the feminized VMB
[bookmark: _Toc110944849]Table 8: Kruskal-Wallis tests on acoustic parameters in the feminized voice.
	Parameter
	df
	Chi-square
	Pr > Chi-square

	fo
	3
	15.4557
	0.0015*

	sd_fo
	3
	7.3864
	0.0605

	sd_fost
	3
	7.9561
	0.0496*

	fR1
	3
	3.1120
	0.3747

	fR2
	3
	2.6586
	0.4473

	fR3
	3
	22.5759
	<.0001*

	fR4
	3
	14.8178
	0.0020*

	fRM
	3
	13.2937
	0.0040*

	Tvow
	3
	0.2349
	0.2349


Notes: The asterisk (*) indicates the parameters that are significantly different at the four measurement times.
The parameters that show differences between the measurement times (fo, sd_fost, fR3, fR4, fRM) in the feminized VMB were analyzed with multiple comparisons. Graph 2 presents the mean ranks used to calculate multiple comparisons. The multiple comparisons do not show any significant difference between the various measurement times for the sd_fost parameter. There is no significant variance in sd_fost at the different assessment times. The multiple comparison applied to fo show a significant difference between times F1 and F3 (z = 3.38, p = 0.04), where F3 corresponds to the lowest rank mean. Thus, there was no major variance in fo between the different assessment times except for the dip at F3. The multiple comparisons show a significant difference between F2 and F4, where F4 has the higher value, for the parameters fR4 (z = –3.4, p = 0.03) and fRM (z = –3.5, p < 0.01). This is also true of fR3 (z = –4.25, p < 0.01), for which a significant difference is also observable between F1 and F4 (z = –3.75, p ≤ 0.01). This indicates that there is a gradual increase in resonance frequency values over time, with a dip at F2. fR3 is the parameter whose value increased most. These results indicate that the feminized VMB changed over the different assessment times in terms of resonance frequencies (fR4, fRM and especially fR3), whose values increased between the first and last measurements.
[bookmark: _Toc110944781][bookmark: _Toc170229967]Graph 1: Mean ranks for vocal parameters in the feminized VMB over time.

[bookmark: _Toc110944856]The answer to research question 3, “How does the feminized VMB change over time if it is not used permanently?”, shows us that the values for fR3, fR4 and fRM increase with time. In addition, the VMBs were compared at times M4 and F4, to observe the impact of these increases on the comparison of VMBs. This comparison of M4 and F4 was then related to the previous comparison of VMBs between Mtot and Ftot. 
Spearman’s rank correlations assessed the correlation between the parameter values and the VMBs obtained at the end of the process (M4 and F4).This comparison makes it possible to identify the parameters for which the values are higher in the feminized VMB (fo, sd_fo, sd_fost, fR4 and Tvow. In table 9,  fo (r = .87, p < 0.01, N = 50) and sd_fo (r = .8, p < 0.01, N = 44) had strong correlations. The parameters sd_fost (r = .59, p < 0.01, N = 44) and fR4 (r = .56, p < 0.01, N = 48) had moderate correlations. Finally, one parameter higher in feminized VMB was correlated only with a weak correlation : Tvow (r = .39, p < 0.01, N = 62). The Spearman’s rank correlation for sd_fost (moderate correlation) is one degree weaker than that for sd_fo (strong correlation). The other parameters (fR1, fR2, fR3 and fRM) do not differ significantly between the two VMBs. There was a weak correlation for the parameter fR2 (r = –.22, p = .13, N = 48). Nevertheless, the weak correlation for fR2 was not retained since the p value is > .05. 
[bookmark: _Toc142319138]Table 9: Comparison of acoustic parameters between M4 and F4.
	Parameter
	N
	Mean score (F/M condition)
	Statistic
	Z
	Two-sided Pr > |Z|
	rs

	fo
	50
	38.0
	950
	6.0537
	<.0001
	0.8662***

	
	
	13
	
	
	
	

	sd_fo
	44
	32.681818
	719
	5.2461
	<.0001
	0.80182***

	
	
	12.318182
	
	
	
	

	sd_fost
	44
	29.954545
	659
	3.8382
	0.0001
	0.58711**

	
	
	15.045455
	
	
	
	

	fR1
	48
	22.291667
	535
	–1.0825
	0.2790
	–0.15941

	
	
	91.755208
	
	
	
	

	fR2
	48
	21.416667
	514
	–1.5155
	0.1296
	–0.22257*

	
	
	27.583333
	
	
	
	

	fR3
	48
	25.458333
	611
	0.4639
	0.6427
	0.06918

	
	
	23.541667
	
	
	
	

	fR4
	48
	32.208333
	773
	3.8043
	0.0001
	0.55642**

	
	
	16.791667
	
	
	
	

	fRM
	48
	26.333333
	632
	0.8970
	0.3697
	0.13234

	
	
	22.666667
	
	
	
	

	Tvow
	62
	152.241935 
	11998
	6.0904
	<.0001
	0.38758*

	
	
	96.758065
	
	
	
	


Notes: In the Z column, significant differences concerning parameters for which the values are higher in the feminized VMB are indicated and underlined, whereas significant differences concerning parameters for which the values are higher in the masculinized VMB are in bold. In the rs column, weak correlations (.2 ≤ rs < .5) are indicated with an asterisk (*); moderate correlations (.5 ≤ rs < .8) with a double asterisk (**); and strong correlations (.8 ≤ rs ≤ 1) with a triple asterisk (***).
Table 10 illustrates the comparison of the correlations between Mtot and Ftot in relation to M4 and F4. We can see an increase in the degree of correlation between the Mtot and Ftot and M4 and F4 measurements for the following parameters: sd_fo (Mtot – Ftot (r = .76, p < 0.01, N = 176), M4 – F4 (r = .8, p < 0.01, N = 44)); sd_fost (Mtot – Ftot (r = .47, p < 0.01, N = 176), M – F (r = .59, p < 0.01, N = 44)); and fR4 (Mtot – Ftot (r = .42, p < .01, N = 192), M4 – F4 (r = .56, p < .01, N = 48)). We can also observe a one-degree decrease in correlation between the Mtot and Ftot and M4 and F4 measurements for fR3 (Mtot – Ftot (r = –.23, p < .01, N = 192), M4 – F4 (r = .07, p = .64, N = 48)). On the other hand, although fR2 does not change its degree of correlation, it becomes non-significant (NS) (Mtot – Ftot (r = –.27, p < .01, N = 192), M4 – F4 (r = –.22, p = .13, N = 48)).
Table 10: Comparison of correlations between Mtot and Ftot and M4 and F4.
	Parameter
	rs (Mtot – Ftot)
	rs (M4 – F4)
	Comparison of degrees of correlation

	fo
	0.86***
	0.8662***
	=

	sd_fo
	0.77**
	0.80182***
	+1

	sd_fost
	0.47*
	0.58711**
	+1

	fR1
	–0.09
	–0.15941
	=

	fR2
	–0.27*
	–0.22257*
	=

	fR3
	–0.23*
	0.06918
	–1

	fR4
	0.42*
	0.55642**
	+1

	fRM
	–0.06
	0.13234
	=

	Tvow
	0.39*
	0.38758*
	=


Notes: The values for the correlation coefficients indicated in bold are statistically significant.
This comparison shows the impact of the increase in the parameters fR3, fR4 and fRM and enables us to confirm that the masculinized and feminized VMBs are in fact different at times M4 and F4.
Discussion
In response to the first research question, “How can a feminized VMB be acquired by the participant-researcher?”, the comparison of the data for the masculinized and feminized VMBs revealed a significant difference. The participant-researcher clearly differentiated between the two VMBs, as the comparison of VMBs for Mtot and Ftot and M4 and F4 shows. Our results were compared with the literature, to find out whether the different VMBs corresponded to those traditionally associated with masculinity and femininity. In addition, the qualitative factors specific to the participant-researcher as well as their proprioceptive descriptions of VMBs complement the quantitative results and encourage us to pursue our reflections.
Pitch (fo) was higher with the feminized voice for all tasks. This finding corroborates results in the literature that show that trans women’s voices are perceived as more feminine when the pitch is higher (Dahl & Mahler, 2020). The median fo values at the different assessment times for the masculinized VMB were between 100 and 145 Hz, while the fo values at the different assessment times for the feminized VMB ranged between 175 and 220 Hz. These values corroborate Davies et al.’s (2015) results. In the comparisons of VMBs for Mtot and Ftot and M4 and F4, median fo was the parameter that showed the strongest correlation. Thus, fo predominates over other acoustic parameters. According to Leung et al. (2018), fo contributes 41.6% to perceived speaker gender, while Hardy et al. (2020) rate its contribution at 71.2%.
In a feminized VMB, some authors report an increase in the variance of fo in continuous speech (sd_fo and sd_fost) in trans women (Davies et al., 2015; Hancock et al., 2014; Leung et al., 2018). Although certain authors think that this parameter plays a role in the perception of gender (Fitzsimons et al., 2001; Hancock et al., 2014; Wolfe et al., 1990), others do not corroborate this finding (Arnold, 2015; Dahl & Mahler, 2020; Gelfer & Schofield, 2000). Our results show strong or moderate correlations at the M4 – F4 assessment time. In other words, the feminized and masculinized VMBs are quite distinct, which is coherent with the specific exercises that are designed to promote varied pitch in continuous speech. Although no perceptual assessment was done in this study, the comments of the participant-researcher’s friends and family about their voice were scrupulously recorded in a logbook. People in the participant-researcher’s life expressed themselves as follows: “Aren’t you exaggerating a little?” or, as one woman put it, “Surely I don’t speak in such a singsong way?” These comments were made while the participant-researcher was practicing the feminized VMB face to face. On the other hand, when the evaluation was done only on the basis of audio recordings, the comments described the voice as more natural. These divergent comments invite us to explore the incongruency of physical and vocal gender performance (Arnold, 2015). Thus, the participant-researcher’s rather masculine gender expression, reflected in their appearance, may have influenced other people’s perception of sd_fo and sd_fost, which they described as exaggerated. 
In addition, resonance frequency values (fR1, fR2, fR3, fR4) are often higher in a feminized VMB (Arnold, 2015; Gallena et al., 2018; Gelfer & Bennett, 2013; Hillenbrand & Clark, 2009). Our results do not corroborate these findings. The comparison of VMBs for Mtot and Ftot shows that the values for fR2 and fR3 are higher in the masculinized VMB while the value of fR4 is higher in the feminized VMB. When these parameters are compared at M4 and F4, only the correlation for fR4 increases from weak to moderate. Note that there is still considerable uncertainty regarding how resonance frequencies are related to gender perception as described by Leung et al. (2018). Some researchers state that vocal masculinity or femininity is mainly affected by fR1 and fR3 (Hardy et al., 2020; Leung et al., 2021), while others claim that fR2 is the key parameter (Houle & Levi, 2021; Kawitzky & McAllister, 2020). However, Carew et al. (2007) identified fR3 as being the most important. Meanwhile, fR4, which is physiologically linked to the shape of the laryngeal cavity (Takemoto et al., 2006), remains understudied. The only known study that emphasizes its significance in vocal feminization is by Leyns, Daelman, et al. (2023). Therefore, it seems difficult to obtain a consensus on these resonance aspects. No benchmark value for resonance frequency has been reported that would allow for a relevant comparison with our results. The probable reason for this is the nature of the tasks with which the data were collected, which induced considerable variability, mainly due to vocalic and linguistic changes. However, we might explain the small difference in results for the VMBs as follows: the participant-researcher’s voice is undoubtedly influenced by their singing practice. Physiological correlates of the fRs show the importance of jugal opening, lip spreading, anterior lingual placement and forward mobilisation of the lingual tip (Leyns, Daelman, et al., 2023), and these elements were already present in the masculinized VMB as shown in table 6. Essentially, masculinized VMB already contains amplified harmonics in respect of formants 2 and 3, which may remind us of the “singer’s formant,” namely the strengthening of the first harmonics and the frequency range between 2500 and 3500 Hz (Henrich Bernardoni, 2020). This singer’s formant is not found only in the sung voice but also in the spoken voice in actors, where it is called the “actor’s” or “speaker’s formant” (Nawka et al., 1997). The term refers to the amplification of specific harmonic bandwidths observed when a voice is projected by a participant who has had voice training (Mendes et al., 2003; Omori et al., 1996; Seidner et al., 1995; Watts et al., 2006). The speaker’s or singer’s formant is produced by the strengthening and clustering of formants 3, 4 and 5, which is physiologically correlated with the enlargement of the pharynx, the lowering of the larynx and aryepiglottic adduction (Samlan & Kreiman, 2014). These changes enlarge the sound wave’s vibration space in the vocal tract (Kitamura et al., 2006; Sundberg, 1974). If this phenomenon is used in the masculinized VMB, it might partially explain our results. 
Finally, the literature reports longer vowel durations (Tvow) in a feminized VMB (Bellandese, 2009; Simpson, 2009), as found in our results. Duration of obstruent consonants were not measured, as Bellandese (2009) and Fitzsimons et al. (2001) did, but the participant-researcher had the impression that the obstruent consonants acted as a “bonding agent” with which the participant-researcher could prepare for the following consonant and thereby make the formant transition easier. Note that segmenting continuous speech into phonemes in order to isolate and analyze the vowels proved to be more difficult with the feminized than the masculinized VMB. Indeed, with the masculinized VMB, phoneme changes were very clear, and could be observed, among other things, in the harmonic composition of sounds. On the other hand, with the feminized VMB, formant transitions were much more gradual, vowels often transitioned through intermediate phonemes, and plosive and liquid consonants were flattened. This segmentation difficulty is probably related to the way in which the participant-researcher produced the feminized VMB: by using a singing technique that consists in blending phonemes together to make the timbre more uniform. In the singing voice, this method is related to legato as described proprioceptively. More time is spent on vowels, while consonants are produced more rapidly, in order to integrate them into the voice flow and anticipate the musical tempo (Zedda, 1995). Vowel lengthening becomes more meaningful if we consider that the feminized VMB draws some of its components from the singing voice. In fact, vowels are known to be 7 to 14 times longer in the singing voice than the spoken voice, and consequently the temporal composition of syllables is predominantly vocalic (Scotto Di Carlo, 1981; Scotto Di Carlo & Autesserre, 1992).
As for the second question, “How does the masculinized VMB change after acquisition of the feminized VMB?”, our results show that there was no significant difference in VMBs used before and after the intervention. Voice quality, measured with the AVQI, remained below the pathological value throughout the experiment. It is therefore evident that similar outcomes could potentially be achieved with other individuals in clinical settings. This finding paves the way for new possibilities in gender-affirming voice training and underscores the need for further investigation into non-permanent gender-affirming vocal interventions that preserve the pre-training VMB in a larger sample of transgender individuals. However, it remains to be determined whether such interventions should be limited to those with a certain degree of prior vocal expertise.
Finally, the third question is, “How does the feminized VMB change over time if it is not used permanently?”. Our results show a significant increase in the values of fR3,  fR4 and fRM, that is, the resonance frequencies. The highest values were observed at time F4. The comparisons between the Mtot and Ftot and M4 and F4 data also show the strength of the various correlations and thus a change in the feminized VMB. Recall that higher resonance values are associated with a more feminine voice (Arnold, 2015; Gallena et al., 2018; Gelfer & Bennett, 2013; Hillenbrand & Clark, 2009). fR3 was the parameter whose value increased most. According to some authors, this is the resonance frequency that most influences the perception of the speaker’s vocal femininity (Carew et al., 2007; Leung et al., 2021). Physiologically, fR3 is affected by the position of the tongue apex (Sundberg, 1974) and the size of the vocal tract (Oates, 2019). To increase the value of fR3, clinicians suggest stretching the lips and fronting the tongue to make the oral cavity smaller (Carew et al., 2007; Morsomme & Remacle, 2016; Oates, 2019). These recommendations echo what the participant-researcher described from their proprioceptive experience. With the feminized VMB, the tongue apex makes alveolar-dental contact more often ; in addition, its muscle tone is increased, the tongue is more arched, articulation is fronted, and the larynx is maintained in a higher position, decreasing the length of the vocal tract. Moreover, while the lips tended to protrude between times F1 and F3, they were more stretched and relaxed at time F4. Thus, the participant-researcher gained in flexibility and ease while practicing the feminized, and the cognitive load related to the change in VMB decreased with practice. Moreover, fR4, which is physiologically associated with the shape of the laryngeal cavity (Takemoto et al., 2006), also showed an increase. This modification may result from changes in the mass of the vocal folds, thinner in feminized VMB, leading to an expansion of the ventricular region of the laryngeal cavities, thereby elevating fR4. Additionally, the aryepiglottic sphincter, narrower in feminized VMB, decreases the size of the vestibular portion of the laryngeal cavities, further contributing to the increase in fR4. The contraction of the pharyngeal constrictors involved in the aryepiglottic sphincter also influences the posterior buccal and pharyngeal spaces, reducing their size in feminized VMB (Jelinger et al., 2024), as proprioceptively described by the participant-researcher.
Limitations and future research
In oral communication, speech not only conveys content but also provides information, particularly through the acoustic and phonetic features of their voice about the speaker’s gender identity (Pharao et al., 2014), socioeconomic status (Stuart-Smith, 2007) ; and even sexual orientation (Munson et al., 2006). These elements are often, at least partially, socially constructed. For instance, economic wealth is rarely linked to innate physical or genetic traits. As a result, the perception of socioeconomic status based on voice is not understood as an innate or immutable characteristic tied to a specific vocal tract associated with wealthy individuals. Nevertheless, within the scientific literature, naturalistic or deterministic hypotheses are commonly invoked when considering vocal gender (Zimman, 2012). The perspective from which data are analyzed often influences the conclusions drawn, revealing only specific aspects aligned with our expectations and thus limiting broader interpretation, as Kuhn (2012) clarified in his discussion of scientific paradigms. Accordingly, this study aligns explicitly with a constructivist epistemological framework (Zimman, 2018). The constructed, learned, and habitual nature of VMB supports the view of voice as a form of motor learning (Van Stan et al., 2021a; Vinney et al., 2023), which underscores the therapist’s role as significant, given that a dysfunctional voice is not seen as essentialized or immutable. These considerations informed our decision to use the terms “masculinized” and “feminized” voice in this article. Lexical choices are far from trivial, as gender—whether vocal or otherwise—is viewed within the queer paradigm as a linguistic construct that is perpetuated through repetition (Butler, 2015). Recognizing the situated nature of knowledge and this study's clear positioning within a framework of scientific construction (Haraway, 1988), we eagerly propose several avenues for future research in this field.
Initially, we propose to have our recordings evaluated by a listening panel that will assess vocal masculinity and femininity at various measurement times. This approach can be inspired by the work of Leyns, Meerschman, et al. (2023). The panel should include both cisgender and transgender individuals, with a mix of experts and naïve listeners. They would assign a gender designation (M, F, X) and rate the degree of vocal masculinity or femininity using a visual analog scale for each vocal excerpt at different assessment times. This process would provide external insight into the effectiveness of vocal alternation. Additionally, the panel’s evaluations at various times could be correlated with vocal gestures and acoustic data from those same points, allowing for a comprehensive analysis of vocal gender in terms of acoustic, physiological, and perceptual dimensions.
It also appears important to improve the measurement of resonance frequencies, among other things by focusing on fR4, as well as reflecting on different kinds of possible measurements (Leung et al. 2018; Kent & Vorperian, 2018) that might provide less contradictory results. For example, the perception of vocal femininity or masculinity might be more affected by the change in fR1 and fR3, unlike the perception of speaker’s gender (Leung et al., 2021). According to two studies, the second formant is the most influential in the assignment of vocal gender (Houle & Levi, 2021; Kawitzky & McAllister, 2020); however, Carew et al. (2007) consider the third formant to be more important. According to another study, fR1 and fR2 are correlated with perceived femininity (Diamant & Amir, 2021). Still other studies found no relationship between fR and perceived femininity, especially in continuous speech (Dahl & Mahler, 2020; Gelfer & Schofield, 2000; Hardy et al., 2020). In our study, we conducted global resonance measurements on both read text and sustained vowels to enable comparison. While this approach is relevant to our objectives, future research should also consider analyzing resonance frequencies on a vowel-by-vowel basis for a more detailed assessment.
One potential source of bias discussed within the research team was the challenge of occupying the dual role of both researcher and participant in this self-study. To address this concern, we drew on our social environment and the interactions we maintained with others. Concretely, the participant-researcher’s position was regularly and collectively examined—through discussions with co-authors, the therapist, methodological advisors, friends, and family. The “self” in this self-study was continuously questioned and enriched by the “others.” In doing so, we adopted an interactive perspective on self-study, consistent with methodological literature, wherein “[i]nteractive, similar to the term dialogue, captures the multidimensionality of action that is the norm for self-study” (Pinnegar & Hamilton, 2009, p.14). The research and social group surrounding the participant-researcher contributed to critically reflecting on their subjectivity and to integrating their experience without allowing the research to be reduced solely to it.
Finally, replication with different profiles from the participant-researcher’s is indispensable. In fact, the participant-researcher had excellent prospects for voice change according to Révis’s (2021) criteria and indisputably had the singer’s or speaker’s formant (Henrich Bernardoni, 2020) in their masculinized VMB. It is also possible that fR1 was high in the masculinized VMB because it was affected by the participant-researcher’s queer identity (Munson et al., 2006). Thus, it is necessary to replicate the study protocol with people who do not possess these characteristics. 
The reliability of our study is important, which is why we have been rigorous, both in terms of taking measurements and statistical analysis. However, we would like to point out that the interest of this research does not lie in a strict mathematical analysis, but rather in linking the statistical and acoustic results with proprioceptive feedback. Indeed, we feel that this methodology is much more suited to an exploratory study. We believe that our study provides a basis on which other research could confirm or refute our results.
Our findings do not suggest that vocal alternation is universally possible, healthy, or appropriate for everyone. Further studies are needed to determine whether our findings can be generalized to individuals with different or similar socio-cultural positioning (Azul & Hancock, 2020). However, we affirm that vocal alternation can be both beneficial and relevant for certain individuals, including the participant-researcher. Vocal alternation often becomes necessary for the individuals we support in gender-affirming voice care, whether because they are not publicly "out" in every aspect of their life, or because, for some, authentic communication involves using a more masculinized voice in contexts where they feel comfortable. It is not the role of the gender-affirming care provider to dictate how one should navigate their transition. However, understanding how vocal alternation functions—as an independent variable beyond our control—will allow us to better address it in therapeutic practice. To achieve this, it must be studied, and we could not do so blindly. This article serves as a foundation for future exploration in this area.
Conclusion
To sum up, further to the experimental protocol, the participant-researcher developed a feminized VMB, retained their masculinized VMB and alternated the two VMBs without changing their voice quality: their AVQI scores never exceeded the pathological value. Thus, both VMBs can be considered to be healthy. In addition, their masculinized voice remained stable between the pre- and post-intervention periods, while the feminized VMB continued to improve during this time, becoming more feminine. In conclusion, the participant-researcher’s alternating VMBs met the objectives of the experimental protocol, namely to acquire a feminized VMB while retaining the use of a masculinized VMB. This study confirms the interest of continuing research on this topic to provide more flexibility and suppleness when acquiring a new VMB, while the self-study aspect makes it possible to integrate qualitative data to complement quantitative ones. According to these initial results, patients could benefit from learning a double VMB without creating a voice dysfunction. If this is confirmed, it would enable us to work with peace of mind in an evidence-based practice (EBP4) framework, with patients who are gender-fluid, non-binary, performers, or who simply need to use their usual VMB in contexts where they are not out.
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