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Abstract of Thesis
Voice Characteristics of Transgender Speakers

Transgender voice therapy is often designed by considering cisgendeandal
female gender differences and some limited research about effectseomeasures on
gender perception. Vocal fold vibration patterns are known to differ between genders but
are not traditionally included as targets in voice feminization. This siodyta describe
and explain these vocal fold vibration patterns to determine if the transgenydar la
modifies its patterns to be more like those of the desired gender. Data lsateddrom
ten cisgender males, ten cisgender females, and ten male-to-feanatgetider speakers.
Derived subglottal pressure, airflow amplitude (AC flow, peak flow, and D&)fl
airflow duration (open quotient, closed quotient, open speed quotient, aQuotient, and
bQuotient), and glottal closure duration (closed speed quotient, cQuotient, and dQuotient)
values were calculated from this data. It was hypothesized that airflplituae values
would differ significantly from either gender and that duration values would ajopaiei
the values of the desired gender. Statistically significant diffesewere found in the
values of peak flow (between males and females), AC flow (between malesratese
open and closed quotients (between males and females and males and male-to-female
transgender speakers), and aQuotient (between males and male-totfensgiender
speakers). The data suggest that male-to-female transgender spealkéfsldoare
open for a longer percentage of the total duration of the cycle than either maleler fema
cisgender speakers’ vocal folds; this appears to be achieved by increasemgthef
time during which the vocal folds are opening. It can be concluded from the data that this

increase is achieved with a unique vocal fold closure pattern that is diffieventaind



not in between or approximated to, either male or female cisgender vocabfldec!

patterns.
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Chapter 1: Introduction and Literature Review

This study aims to examine the glottal source characteristics of¢naohsr (TG)
speakers in order to understand the phenomenon of when a biologically male larynx is the
source of a female-sounding voice. There are three possible scenarios foehow t
functioning of the larynx of an MTF person changes to create a voice more like that
produced by biological females. One is that they modify their airflow otadjlot
configuration to approximate a valbetweermale and female values, perhaps unable to
achieve female values but getting close enough for perception as.féhmale
explanation is similar to the gender-neutral range supported by the literatbseAor
second explanation is that TG speakers increase or decrease airflowabr glot
configuration measure values to the extent that thegpgooximatehe desired gender’s
airflow and duration measure values. That is, the values of MTF speakerssa@ abl
approximate female values and would only be significantly different from mialesvaf
the MTF speaker achieves values at the desired gender’s values or baeveisgander
values for one category of measures (i.e. airflow amplitude), then thdikealyl require
a third explanation for the pattern of the other category (duration). The thirchatipia
is that MTF speakers achieve values thatcarapletely differenthan either males or
females because they are using unique compensation strategies to f@eetie aoice
with a male larynx.

Speaking fundamental frequency and formant measures of TG speakers typically
progress from male-like toward female-like as they become recognizediading
female. Airflow data from one study suggest that MTF airflow agjuial or will exceed

the published normative data for female speakers rather than stay bdtevesale and



female values (Gorham-Rowan & Morris, 2006). It is possible that the MTFepeak
achieves a female-sounding voice using a laryngeal physiology distnttisgender
(i.e., non-TG) females to create these increased airflow values. Glmitake
characteristics are a relatively unexplored area of TG researdhsbatild not be
assumed that airflow and vocal fold configuration measures of TG voice ar® ldwdF
formants (i.e., simply between those of male and female voice).

The purpose of this study is to report the derived subglottal pressure, airflow
amplitude, and airflow and electroglottogram timing measure values of pEdkers.
To understand the following hypotheses for MTF voice it is necessary to réngew t
physiology of vocal fold vibration, measures of glottal source charaateriatid
published values for glottal source characteristics of cisgender and TG voice.
Transgender Communication

The American Psychological Association (APA, 2000) has two criteria for a
classification of gender identity disorder. The first criterion i8dence of a strong and
persistent cross-gender identification.” The second criterion is “evidépezstent
discomfort about one's assigned sex.” Transgender is a population classifiadsthi
diagnosis. Adler, Hirsch, and Mordaunt (2006) define the term transgender as an
“umbrella definition used for an individual who is living in a gender other than his or her
own biological gender” (p. 5). These individuals strive to look, sound, and be perceived
as the desired gender. Typically, TG individuals will take hormones to bettereachiev
these goals. For female-to-male (FTM) speakers, androgen hormonely (usua
testosterone) increase the size of the larynx and thicken the muscles atahtids,

leading to a deeper, more masculine voice. This is not the case, however yfoesabft



hormone therapy. Andrews (2006) states that male-to-female (MTF) hormorteassuc
estrogen and progesterone, do not affect the size or makeup of the larynx and, &s a resul
MTF individuals typically seek speech-language pathology (SLP) ssrtacachieve a

more feminine voice. A more feminine voice is achieved by altering severataspe

TG communication to approximate female values, at least to some extent.

The SLP scope of practice (American Speech, Language, and Hearing
Association [ASHA], 2007) includes the feminization of TG voice as a subset of
communication enhancement or modification. Speech-language pathologistslare wel
qualified for the feminization of TG voice as the process for TG voice featiorzuses
many of the same techniques that are used in the treatment of traditional voice
populations (e.g., forward focus and intonation therapy). Voice feminization without
therapy can be a vocally abusive behavior, so an SLP may ultimately trea¢ a voic
feminized without therapy because this puts speakers at risk for voice dis@EA, (
2011). Several authors and organizations have recommended increasing the amount of
available research on techniques currently used in TG voice therapy whilehathers
used the currently available literature to recommend treatment plans foratiey
feminization of TG voice.

ASHA (2011) lists the following target areas for approximation or achientaife
female values and characteristics in voice feminization therapyh;pgsonance,
intonation, rate, volume/intensity, language, speech sound production (articulation) and
pragmatics (social rules of communication).” Gelfer (1999) stateshtaty should
terminate only when the TG client and clinician are comfortable with “pitchityjua

intensity, variability, and natural-sounding intonation patterns in spontaneous’s(ee



206). Adler et al. (2006) list the following target areas: “pitch, resonanoeaitibn, rate,
volume, syntax, vocabulary, pragmatics, articulation, vocal hygiene, nonverbal
communication, carryover, singing voice” (p. 13). Gelfer specifically facoseaspects
of traditional voice therapy while Adler et. al. and ASHA include verbal and noriverba
language and articulation as well.

Oates and Dacakis (1983) wrote the first overview article about TG voiceyherap
At the time, only case reports of TG speakers increasing speaking fundanegpiancy
suggested that the TG voice could be modified. Oates and Dacakis recommended
research in anatomical and physiologic constraints, speakers’ goalsnaidns’ biases,
and how nonverbal factors, psychosocial factors, and diagnostic status maycafluen
therapy. To date, much treatment research is limited to case reportsratidsheavily
on research about what voice characteristics contribute to gender perceptiomnlgpigr
pitch and resonance. For those voice characteristics, it is hypothesizad/hat
speaker is more likely to be identified as female as the values becomekadh®sie of
cisgender female speakers (e.g., perceived femininity increaseashampieases from
male range toward female range). Feminizing communication by apptognoa
achieving female normative values on a variety of communication measwgs# |
and is supported by clinical case reports in the literature. Some researaliable to
support these targets based on correlations with listener perception of getiahetely,
voice feminization treatment effectiveness is measured by listenecgjppiens. Some
authors suggest approximating female values with a gender-neutral fundamental
frequency (), or a range in which gender is inconsistently attributed from perception of

pitch, and achieving formant frequencies at or above female values foosheffective,



healthy voice feminization. It is presumed that when a TG speaker has ageutial
pitch, hearers will assign gender on the basis of other perceptual cues.

Pitch is the only aspect of TG voice treatment with evidence in the litetature
suggest a gender-neutral range is effective for perception as the desided. §Volfe,
Ratusnik, Smith, and Northrop (1990) report the averagd® an FTM speaker
perceived as male is 118 Hz and an FTM speaker perceived as female is 171 Hz
somewhat above and below cisgender normative values. Gelfer and Shofield (2000)
report the averageyfor an MTF speaker is 187 Hz with a range of 164 to 199 Hz, or on
the low end or slightly below cisgender female values. phedtired to be perceived as
gender-neutral, however, is in a significantly smaller range. The I¢yyetspeakers
perceived as gender-neutral is reported by Wolfe et al. as 155 Hz and bgr3pe88)
as 160 Hz. In a compromise, Adler et al. (2006) report the most gender-ngtdrbeF
between 155-160 Hz. Targeting pitch in this gender-neutral range for MTF spaaker
combination with other techniques like forward-focus to change resonant voicg,qualit
has proven to be successful in creating a perceptually feminine voice (Andrews &
Schmidt, 1997; Holmberg, Oates, Dacakis & Grant, 2009; Childers & Wu, 1991, Gelfer
& Mikos, 2004; Gelfer & Schofield, 2000). While approximating female values with a
gender-neutral pitch is more feasible than achieving the values for pitatisgieader
female that is not the case for other areas of communication. Some ardasridat
frequencies, do require that TG speakers achieve values more similaate fevels to
be effectively perceived as female.

Formant frequencies are resonances created within the vocal tracethat ar

modulations of the initialfcreated at the level of the larynx. The three formants are



referred to as £ F,, and k. F; modulates frequency based on the relative opening of the
oral cavity. b modulates frequency based on the relative anterior-posterior placement of
the tongue. Fmodulates frequency based on the relative length of the oral cavity (Kent,
1997). Hillenbrand and Clark (2009) found that more male speakers are identified as
feminine when all formants and@ &re digitally shifted from produced values to achieve
normative female values, compared to only shifting FO or only shifting formaotstv
and Salmon (1988), report that a MTF speaker was not identified as female until they
achieved formant frequencies consistent with feminine normative data fomforma
frequencies, even thougly Was within the gender-neutral range or within female
normative values. Gelfer and Schofield (2000) found that achieving formantriceesie
similar to female normative data correlates to perception of speakerrégmimhese
results should be interpreted with caution, however, because results are based on 3 out of
13 MTF speakers who were perceived as female and the results were natadhatisti
significant. Overall, several sources suggest that TG speakers shoule doheant
frequencies similar to those of a female, as opposed to approximating the values, for a
voice to be perceived as female. It is unclear if any particular formamibedas to this
perception more than any other (Childers & Wu, 1991; Gelfer & Mikos, 2005). All of the
pitch and formant frequency data support a commonly used assumption, to be referred to
as the typical TG hypothesis, that the MTF speaker needs to approaclt tieriemale
normative values in order to be perceived as a female speaker.
Gender Differencesin Voice

Apart from pitch and resonance, most rationale for TG voice feminization is

based on known gender differences. Some of these gender differencbs@aisse the



male and female larynxes are anatomically and functionally difféddeohne (2010)

states that the male larynx sits low in the neck, which causes the resoofatheegocal

tract to be generally lower in frequency compared to those of femaleseif-umiale

vocal folds are longer and thicker than those of females’, which causesdah& voice

to be lower in pitch. Male speakingib reported on average to be 120 +/-20 Hz, whereas
female is reported on average to be 220 +/- 20 Hz (Andrews, 2006). The tension of the
vocal folds also contributes t@.F

The size, shape, and placement of the larynx and vocal folds also affect loudness.
Male voices tend to have higher intensity levels than females, however,eaverag
conversational levels for both genders range between 50-65 dB (Adler et. al, 20@6). Mor
specifically, Oates and Dacakis (1983) report that female averagdtintewsl is 64 dB
and male average intensity level is 67 dB. Increased subglottal pressaeased
pressure below the vocal folds, is the main variable in increasing intdrsigyer it
can be used to alter other aspects of voice. The male vocal folds are larger, which ca
grant a greater range of control over subglottal pressure, and this magtdocdhe
gender differences. The comparative difference in size of the vocal faldeeal tracts
of the two genders also leads to a difference in formant frequencies amnass.

There are gender differences specific to formant frequencies. Fundahment
frequency, I, F, and k all have greater values, perhaps as much as 20% greater, for
females than for males, because of the smaller vocal tract sizeaéfef@oleman,

1983). Formants can be slightly increased by elongating the vocal trac wlatively
more open and forward tongue positioning, which is a common treatment goal in voice

feminization. Kent (1997) combines data from Peterson and Barney (1957) and



Hillenbrand, Getty, Clark, and Wheeler (1995) to show gender differences in all formant
frequencies during all vowels. Gunzberger (2004), however, states ikdypically the

only formant that is consistently different across vowel types between dhgetvders.

The configuration of the vocal fold differs between genders, like the configuratiba of t
vocal tract.

The configuration of vocal fold closure is another difference between male and
female speakers. According to Sodersten and Lindestad (1990), women, specifical
women aged 20-35 yrs, may occasionally show a posterior glottal chink, or an apening
the posterior third of the larynx, during phonation. Hixon, Weismer, and Hoit (2008) state
that men, however, will typically achieve complete closure acrossitiie &rynx.

Linville (1992) mentions the possibility that this posterior glottal chink is an unintended
result of an intentional behavior to create a perceptually breathy voice. Aybveate is
perceptually associated with a feminine voice (Linville, 1992; Klatt &tKIED90).

With possible exception ofyfland formant frequencies, it is unclear if it is
appropriate to establish targets in the areas recommended for voice and catamunic
feminization by ASHA (2011) based on gender specific normative data. Thalty@
hypothesis suggests that those targets should approximate or achieve viilaetesired
gender so that a TG speaker is more likely to be perceived as the desired gender
Preliminary studies into the glottal characteristics of MTF speakevgever, suggest
that this may not be the case. Gorham-Rowan and Morris (2006) indicate thatéhere ar
significant differences in glottal source characteristics for TG auygieder speakers in
which the TG speaker values do not approximate or achieve the desired gender values

but create values entirely different from either gender. Collection of dateeon glottal



source characteristics is a first step to determining if there esamdo consider adding
glottal vibration cycles to the list of therapy targets for TG voice femiina and
whether these characteristics should be targeted in the vein of the typibgpothesis
(achievement or approximation) or in an entirely different manner aggested by
Gorham-Rowan and Morris.
Vocal Fold Vibration

The source-filter theory describes how sound is produced and modulated within
the vocal tract (Ferrand, 2007; Kent, 1997). Created by Gunnar Fant in the 1960s, the
source-filter theory explains how air from the lungs becomes sound. The sitterce-f
theory has three parts: the source function, the transfer function, and the outpaom func
For vowels, the source function refers to vocal fold movement patterns used to create
sound. The vocal folds trap air in the lungs and then release that air to creat@nihe F
spectrum of a vowel sound (Ferrand). As the vocal folds are held together wittesurfa
tension and muscular force, pressure builds below them in the lungs. When the pressure
below the vocal folds (i.e., subglottal pressure) exceeds the pressure abovelthe voca
folds, the vocal folds open and, during voiced sounds, vibrate as the air passes them. If,
for example, the vocal folds are being held together with a large amount of muscula
force, then the subglottal pressure will increase to be able to exceéat¢kaand open
the vocal folds. Subglottal pressure is typically manipulated to increase loudness
however, it can also make adjustments in response to vocal fold tension and aiglow ra
The transfer and output functions modulate this air into the sound that is heard as speech.

Characteristics of Vocal Fold Vibration



The vocal folds vibrate in a specific pattern. As the vocal folds open, a mucosal
traveling wave begins within the layers. The inferior and superior edge wbe¢héfolds,
while both influenced by the same mucosal wave, open at different times aneierdiff
manners, creating a vertical phase difference. The inferior edge begins forimpeo
the superior edge and reaches its maximum excursion while the superior etige is st
opening. The superior edge opens after the inferior edge and reachedmsima
excursion as the inferior edge has already begun to close. Both edges openyataeriorl
posteriorly in a cycle (Kent, 1997). This pattern can make it hard to define thermpen a
closed phases of the cycle. To visualize these parts of the cycle, it is testvéoa
glottogram, or a visual representation of the cydesKigures 1 and 2). A glottogram
can be derived from pneumotachography or electroglottography (EGG).

The airflow glottogram, in the top portion of Figure 1, is a representation of the
amount of airflow, measured in L/s, over time, measured in seconds. The peaks and
valleys of the glottogram are created by obstruction to air flowing frentuings created
by vocal fold vibration. Airflow decreases (valley of airflow glottogyaas the vocal
folds close and narrow the glottis; it increases (peak of the airflow gitattg as the
vocal folds open the glottis. The electroglottogram in the bottom portion wfeFigis a
representation of the amount of conductance over time, measured in seconds by an
electroglottograph. An electrical current travels more easily throsgihet than it does
through air, so areas of highest conductance, or when the vocal folds are the most
approximated, are represented as peaks, and areas of lowest conductance, or when the

vocal folds are least approximated, are represented as valleys.
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No matter how a glottogram is derived, it can be divided into four quarter
segmentsgeeFigure 1). First, the waveform is divided into two phases, open and closed,
at the point on the x-axis between the peak and the valley when the wavefores eross
criterion line. The criterion line used for this particular study is drawn td 4§%& of
the total amplitude of the cycle above the lowest point in the cycle on the yraxis (

Figure 1; Rothenberg & Mahshie, 1988). The 15% criterion line was originallgchos
because it includes an adequate amount of the area around the peak without confounding
it with other factors (neck thickness or electrode placement for EGG orfettalosure
for airflow), however, other criterion lines are regularly employed andrapoyed in
studies referenced later (e.g. Holmberg, Hillman, Perkell and Gress (4B

employs a 30% criterion line as was suggested by Sapienza, Stathopoulousyraay D
(1998)). The 15% criterion line is best for this particular study becaugsaitases
reasonably well the opened and closed portions of the glottal vibratory cycleusad is
by many of the articles used to design hypotheses (Higgins & Saxman, 19911.CGthen e
2002). Using a similar method of determining open and closed phase is useful in
comparing data across studies. This criterion line also determinearthanst end (Jin
Figure 1) of each cycle. On the airflow glottogram, the waveform abovérihi
represents when the vocal folds are open. On the EGG, the waveform above this line
represents when the vocal folds are closed.

These two halves of the cycle are further divided into segments at the point of the
peak (T for airflow and § for EGG in Figure 1) and valley {Tor airflow and T for
EGG in Figure 1) of each cycle. Figure 1 displays these four segnsemtbac, and d.

The aSegment represents a period of time from when the vocal folds are opening to the

11



time when they reach the most open point in the cycle. The bSegment represents a period
of time from when the vocal folds are most open to the time when they are considered
closed. The cSegment represents time from the beginning of the closed segment, when
the vocal folds are closing, to the point in the cycle when they are the most closed. The
dSegment represents a period of time from when the vocal folds are the most closed to
when they are considered open.

An airflow glottogram gives detailed information about amplitude and temporal
values in the open phase of each vibration cycle (a+b) but no useful information about the
closed phase (c+d) of the vocal fold vibration cycle because airflow is occurring
minimally when the vocal folds are closed. This information about the closed pinage is
useful because the only airflow that is being recorded is airflow that isdetam
closed vocal folds. The EGG, when gathered simultaneously with airflow dpeegls
production, can accurately depict the temporal measure of vocal fold movement during
these c and d segments; EGG tells little about the open portion of the vocal fold vibration
cycle because change in conductance is uninformative when the vocal folds are open.
Airflow and EGG glottograms of the same cycle at the same point in timesgsugut
one another and create a complete representation of the glottal cycle.

M easurement of Glottal Source Characteristics

Temporal and amplitude values are gathered from the airflow glottogram.
Amplitude measures, expressed in L/s, include peak flow, DC flow and AC flow. Peak
flow is the amplitude of the signal at, Tess any drift artifact. Perkell, Hillman,

Holmberg, and Gress (1994) report that peak flow is higher for males than féegema

DC flow is the difference between the amplitude valuesadFigure 1 and zero,

12



representing the constant, but turbulent, airflow that is not modulated by the vdsal fol
opening and closing to create pulses of airflow. Perkell et al. and Higgins andrSaxm
(21991) found that DC flow was greater for females than for males; howeeer, t
differences for both studies were small and insignificant. AC flow is therdifte
between peak flow and DC flow. Table 1 describes these measures, theiticaksula
and normative values in greater detail.

The airflow signal is also measured temporally. The open quotient is the duration
of time when the vocal folds are open (a + b in Figure 1) divided by the total period of the
cycle. Conversely, the closed quotient is the duration of time when the vocal folds are
closed (c + d in Figure 1), divided by the total period. Higgins and Saxman (1991) report
that the open quotient is larger in females than in males and that the closed quotient i
larger in males than in females, indicating that the female vocal folds ardéas@ze
longer percentage of time during phonation as compared to males. Both quotients are
calculated from the airflow glottogram, despite the fact that thiewaidlottogram does
not give the most complete information about the closed phase, because the closed
guotient from the EGG glottogram may not compare exactly to the open quotient from an
airflow glottogram. This is because a different criterion line isutaled for airflow and
EGG. Theoretically, they should be the same as they are calculated freamt@goints
in time with the same method; however, there are often slight differencasskbabe
amplitude of the EGG signal is dependent on factors outside of glottal closure, such as
neck thickness.

As described above, each phase of the cycle is divided into quarter quotients (a, b,

¢, and d in Figure 1). The phase of the cycle above the criterion line (15% inuélyis st
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on the airflow glottogram is divided into the aSegment and the bSegment. ThesaQuoti
is the percentage of the aSegment of the cycle’s period. No normativeedataitaible
for this quotient. The bQuotient is the percentage of the bSegment of the cycledks peri
Sulter and Wit (1996) report this value to be greater in females than in males. The
aSegment is divided by the bSegment to calculate the open speed quotient (OSQ). A
symmetrical cycle will have an OSQ value close to one. A low speed quotieatisal
created by an opening phase much faster than the closing phase and this may indicat
tension in the vocal folds. Sulter and Wit report that this value is greater than doghifor
genders, but greater in males than females. This indicates that more $ipei opening
than closing the vocal folds during the open segment for both genders, more so for males.
For definitions of time measures in an airflow wave and previously reportedinamer
values for males and females in greater detail please refer to Table 2.
Electroglottograms are measured for time only because amplitude cannot be
calibrated. Electroglottograms provide information about the portion of vocal fold
vibration when the vocal folds are approximated. The cQuotient is the duration of time of
cSegment divided by the period. Chen, Robb, and Gilbert (2000) report the cSegment in
ms and do not convert it into a quotient. All data regarding these small quarters should be
reported with quotient because it is necessary to account for variable peatdrdur
This is especially important for comparing across genders because Yieesidraficantly
different i . Chen et. al reported cSegment to be greater for men than for women, and
when corrected for quotient by calculating with an averageported for males and
females, it can be derived that they find cQuotient to be greater for nrefoth@omen.

The dQuotient is the period of time of dSegment divided by the period. Chen et al. report
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dSegment to be greater in women than in men. When corrected for quotient by
calculating with an average Feported for males and females, it can be derived that they
find dQuotient to be greater for women than for men. The dSegment is divided by the
cSegment to determine the closed speed quotient (CSQ). Like the OSQ, a value of one
indicates symmetry within the phase and as the value increases, the openig segm
proportionally longer than the closing segment, which may indicate less tendien in t
vocal folds. Chen et. al report CSQ to be greater in women than in men. For detailed
descriptions of how to determine time measures in an EGG wave and for reported
numerical values for males and females please refer to Table 3.

In summary, males have greater airflow amplitude values than fenratesmis
of proportions of the period of a vibratory cycle, female vocal folds are open longer tha
male vocal folds. Further, females have the more symmetrical openinggctegiment
durations during the open phase but males are more symmetrical during closed phase
Data from separate studies suggest that in a female glottal cycle, théywwdjthe
closing time (b+c in Figure 1) is during the open phase (bSegment), wharezsds it
is during the closed phase (cSegment). These data were collectedetepanad)
different protocols, and therefore they may not be directly comparableyéothey do
suggest that the greatest difference in quotient length between malEsrales are in
the bQuotient and cQuotient. In other words, because more of the vocal fold closing
movement occurs during the open phase instead of the closed phase, females leave great
open quotient than males and air is flowing for a greater portion of the cycle.

Glottal Source Characteristicsin Transgender Speakers
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Research is needed to investigate glottal source characteristiGsspfeakers to
determine if and if so, how, TG glottal source characteristics areisaytly different
from the cisgender normative data. These data will either support the fiy@ical
hypothesis and achieve or approximate the desired gender values or thbfferiiom
both gender groups in an entirely new pattern. If the normative valugsiackto be
different in either pattern, than the perceptual effects of these differshoald be
evaluated to determine if, and to what extent, glottal source characseststiald be
targeted in the feminization of TG voice. Data from previous glottal sourcaatbastic
studies suggest that the MTF speaker values for airflow will not suppayiibal TG
hypothesis.

Gorham-Rowan and Morris (2006) and Holmberg et al. (2009) studied some of
these glottal source characteristics in TG voice. Holmberg et al. egaithie relationship
between self-rating, phonetograms, perceptual ratings, airflow, and pressur2sfr
MTF speakers. This study found that while MTF derived subglottal presduesva
remain within the normal limits for both male and female speakers, the datgreater
for TG speakers than either gender and most similar to that of a cisgemelspeaking
in a high voice. This data may indicate that TG speakers are not using sllpg&ssure
to increase loudness, as is the traditional assumption, but to create a hajtest yiice.
Average mean flow for the MTF speakers also was higher than eithde fermale
normative data.

Gorham-Rowan and Morris examined the relationship between measures of
airflow, Ry, and listener perceptions of vowel samples collected from 13 MTF speakers.

Results show that MTF speakers had a higher maximum flow declination raDdR(MF
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value and a higher DC flow value than either cisgender male or female speakers,
indicating that MTF speakers close their vocal folds more quickly than, but not as
completely as, cisgender male or female speakers. This study, hpa@yencluded
airflow measures. Little can be inferred about timing measures oloexgortion of
the vocal fold vibration cycle. Higher declination rates may indicate thape@kers
close their vocal folds more quickly than either male or female speakers, however, i
unclear if that would occur by decreasing the duration of the bSegment, cSegment
both segments. Supplementing airflow amplitude data with simultaneous temporal
measures of vocal fold oscillation may more illuminate the results found ievthe f
glottal source characteristic studies conducted.

The purpose of this study is to gather pressure measures, air flow measakes (pe
flow, AC flow, DC flow, OQ, CQ, OSQ, aQuotient, and bQuotient), and EGG measures
(cQuotient, dQuotient, CSQ) for MTF, cisgender male, and cisgender fematerspea
during structured speech tasks and to answer the following research questions:

1. Are there differences between MTF and cisgender males and femalesvied der
peak subglottal pressure?
2. Are there differences between MTF and cisgender males and females in thedempl
measures of the airflow characteristics?
a. Peak flow
b. AC flow
c. DC flow
3. Are there differences between MTF and cisgender males and females in cycle

duration measures used to quantify the glottal source patterns?
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a. open and closed quotients (i.e., phase duration in proportion to the period)
b. speed quotients (i.e., opening/closing duration ratio within a phase)
c. quarter quotients (i.e., four opening and closing durations in proportion to
the period)
If there are significant differences between male and female spelalken®t between

any other pair, that will indicate that the values for TG speakers arexappting or
achieving the desired gender’s values. If there are significantatiffes between the TG
speakers and either of the cisgender groups, it will indicate that thpeERess are using
a vocal fold vibration pattern that does not conform to the typical TG hypathesis
MTF airflow values could support the typical TG hypothesis and approxonate
achieve female values or they could do something entirely differentditbier gender as
compensation for using a biologically male larynx to create a female Vaugeairflow
amplitude measures (e.g., AC flow and peak flow) are reported to be greatdesn m
than in females, and the other, DC flow, is reported to be greater in females tha
males. Following the trend of the typical TG voice hypotheses for acoustisures, one
may hypothesize that these airflow amplitude measures of MTF voicappilbximate
or achieve female values (i.e. decrease peak flow and AC flow and inD@€dkawv).
This hypothesis seems less likely when considered from the perspective olipihevi
published literature and unchanged anatomy. Gorham-Rowan and Morris (2006) find that
these amplitude values do not conform to the typical TG hypothesis and styffram
female values. Additionally, a biologically male larynx may be physioctdy unable to
approximate or achieve the amplitude values of the desired gender. Theteégore, i

hypothesized that airflow measures may not conform to the typical TGhegmand
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may not approximate or achieve values of the desired gender. Timing measheesd
from EGG and airflow may be able to explain why or how either of thesenspaccur.

Airflow glottogram and EGG are most appropriate for measuring timing of
phonation physiology and can describe a glottal cycle in its entirety wkisergg at the
same point in time. The literature shows that males have a larger closedtouadia
smaller open quotient than females. Within the quotients, published values for speed
guotients indicate that females have a more symmetrical open speed quotierdlésgan m
(a~b in Figure 1) and that males have a more symmetrical closed speedtdbatie
females (c~d in Figure 1). This will result in a smaller bQuotient agédaQuotient for
males compared to females. Based on this literature and the typical TGdsypoit is
hypothesized that MTF speaker values will shift towards female speakes\a/
increasing bQuotient and decreasing cQuotient. The possibility remainsydémwhat
TG speakers create an entirely new and different pattern that does not apfgoxim
desired gender values to create a feminine voice from a male larynx.

Overall, by examining the glottal source characteristics of MTF vaice i
comparison to male and female voice this study aims to explain how an MTF speaker
modifies a variety of aspects of phonation to attempt feminine voice qudliies
predicted that MTF glottal phase patterns will approximate cisgendelefealaes but
be distinct from either male or female cisgender values for airflo@rpat It is likely
that if one set of values (amplitude/timing) approximates the desired ghatiére other
set of values will create a new pattern. These hypotheses are basedaurs|ye

published data as well as knowledge about the physiology of the vocal folds.
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Chapter 2: Methods

Participants

A convenience sample of 30 speakers participated in this study. Ten MTF
speakers were recruited from a pool of previous research participants atsliafli€he
George Washington University Speech and Hearing Center (GWUSHC) and word-of-
mouth. Ten male and 10 female cisgender speakers were recruited throsgintlier
advertisements sent through the local community as well as word-of-mouth. All
participants followed informed consent procedures as approved by the Institutional
Review Board. FTM speakers were also recruited, however, only data for three
participants was collected during this time.

To be included in the study, TG speakers had to present as their desired gender
100% of the time, and must have done so for at least one year. Cisgender speakers were
required to have no history of gender deviant identity disorders. Exclusiomacriter
common to all groups included neurological or voice disorders, non-native speakers of
English, and current enrollment in voice therapy. All participants weeableir age,
height, weight, current medications, and history of voice disorders or therapy. Ever
participant was age-matched within five years to a participant from thetathgroups.
Demographic data of speakers are presented in Table 4.
I nstrumentation

This study collected three different types of data: derived subghotisdure,
airflow, and glottal contact. All subglottal pressure and airflow equipneeptined
calibration prior to data collection for two reasons. The first is that thedtreess and

recording equipment are sensitive and record amplitude data (on the yrahightly
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different manners with each use dependent on factors such as drift. The secontas that t
data is recorded in arbitrary units (CSL units) and there needs to be a re¢wrd of t
relationship between these arbitrary units and units of flow and pressurer(coi$40)

for use in later signal interpretation. A Glottal Enterprises PC-1H ae&dibwas used to
calibrate pressure and a Glottal Enterprises MCU-4 Pneumotach Gatidgait was

used to calibrate airflow. The electroglottograph did not require calibda¢icause the
measures employed were all temporal.

Pressure data collection was achieved using a Glottal Enterpfis#s ftessure
transducer and a 1.25 inch piece of 3 mm plastic tubing used to gather pressure data from
within the mouth while allowing the lips to maintain a tight seal. Airflow datacttn
was achieved using a pneumotach to collect airflow data consisting of awairfl
transducer, the Glottal Enterprises PT-2E, and a Glottal EnterpriseH.MA/
pneumotach mask. Both pressure data and airflow data were relayed usingla Glot
Enterprises MS-110 Transducer and Analog Computer Data Interface. Goottatt
was collected using EL-2 electrodes attached to a hook and loop fastendradtheghct
the electrodes in place on the thyroid lamina. The electronic signaldHeoatectrodes
were relayed to a Glottal Enterprises EG2-PCx Professional \fgoce Interface.

All instrumentation output was connected to the KayPentax model 4500 interface
and recorded in the Computerized Speech Lab (CSL) program. The CSL program allows
acquisition of up to four channels from up to four sources at once, so it is ideal for
collecting simultaneous data from multiple pieces of instrumentation. Wavévie 2.4
software was used to inverse-filter airflow signals. SoundSwell s@ftwas used to

analyze airflow and EGG signals because it is designed for precisartdreemplitude
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analysis. Statistical Program for Social Sciences (SPSS) wasoustdtistical analysis

of the data. Brands and types of instrumentation used were chosen for consigtency w
Gorham-Rowan and Morris (2006), Chen et al. (2002), and Higgins and Saxman (1991).
Calibration and Data Collection Procedure

Calibration of pressure and flow transducers.

Pressure and airflow transducers require calibration and zeroing to permit
interpretation of the electronic signals in cgaHor pressure and L/s for airflow and to
eliminate drift of the transducer signals. All transducers were atdthwithin thirty
minutes of data collection. Sampling rate in CSL was set to 22050 Hz. Calibrason wa
achieved by zeroing both transducer signals in CSL by adjusting gain agid ©ffs
zeroed transducers were then calibrated with known values by the calibration units. The
pressure calibration unit applied pressure to the transducer in the amount of 0, 5, and 10
cmH,O. The pneumotach calibration unit produced airflow rates in the amount of
positive and negative 0, .5, and 1 L/s. These values were recorded and used to derive a
calibration factor to be applied to participant data during analysis. Pleas@gendix A
for exact calibration procedures.

Data collection.

Data calibration and collection took place in a soundproof booth at the GWUSHC
to prevent external noise from being recorded along with audio signals and gnsamic
paperwork which was explained orally and in writing. After participants g&en the
opportunity to ask questions, the consent forms were signed. The examiner asked
guestions regarding demographic data and the speaker’s participationigiigibil

specifically determining age, height, weight, current medications, degreter, birth
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gender, and history of neurological, psychological, or physiological disoitlalis.
criteria were met, data collection was initiated. All participanteweated and a headset
microphone was placed behind their ears and over their neck.

Data collection involved two phases with somewhat different instrumentation
used for each phase. The initial phase involved collection of oral pressure estiiat
subglottal pressure, and airflow signals during production a string of /pkbleyl The
second phase involved collection of the oral airflow signal while the subject produced a
sustained vowel. Each portion will be described separately below.

Repeated syllable phase.

To gather data for derived subglottal pressure, participants were askpdab re
the syllable /pae/ as it was recorded with the pneumotach, pressure transhears
microphone. The syllablpae/was chosen because it is contains the phoneme /p/ that is
most likely to create an airtight seal despite pressing a tube betweggs tf&nhitheran
& Hixon, 1981). Plastic tubing was attached to the oral pressure transducer add place
through the pneumotach mask so that the pressure that was recorded was the pressure
behind the lips while closed. Participants were instructed to hold only the mask handle
while pressing the mask against their face to avoid air leakage, and to position ipe end t
of the tubing between their teeth and in the center of their mouth without biting the
tubing. Participants were instructed to repeat the syllable /pae/ at a hatnof
repetitions in seven seconds. The anchor word “pack” and the appropriate rate were
demonstrated by the examiner along with the instructions to use the particippicts

speaking voice and to keep rate and volume consistent. If the produced sample proved
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consistent and reliable (i.e. aspiration was visible in the airflow signalleadpeaks
were present for pressure), the audio, airflow, and pressure signaleeoaded.

Sustained vowel phase.

To gather data for the amplitude and duration measures, participants were asked
to sustain the vowelJ/. The vowel 1/ was chosen so that data could be compared with
relative ease across several studies. After acceptable productions wefeeelicited,
participants were instructed to remove the mask from their face. The preasscricer
was removed from the mask and replaced with a small stopper. The EGG elegtmales
placed on the participant’s thyroid lamina and held in place while the panticipa
produced test iterations ofl/ to determine if the electrodes were appropriately placed.
Appropriate placement was determined by the Professional Voice Inpuatatevhich
indicates with a series of lights whether placement is too high or too low t@tsdgur
determine conductance. When conductance was determined to be within an acceptable
range, the electrodes were strapped into place using a hook and eye strap. $eakers
asked to sustain a vowel for approximately 5 seconds three times with a secenal s
pause for breath in between each production. Speakers were asked to use the modal
register (i.e. speaking voice) and to keep volume consistent across alioepetti this
was not achieved with these instructions, participants were coached withthan aocd
(i.e. father) that contained the target vowel in order to orient the particgphawtit is
produced in typical speech. Speakers were given hand cues to start, stop, and breathe
during their production. Acceptable productions (defined as visibly consisteawadnfid
EGG recordings) were recorded for audio, airflow, and EGG. See Appendix B for full

descriptions of the speaker protocol.
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Data M easur ement

Repeated syllable analysis.

The repeated syllables were analyzed in CSL for peak derived subptetalre.
The calibration factor was determined by averaging five data pointsf®i0 cmHO
calibration data and subtracting drift. Calibration data were checkedciaraay by
ensuring that the ratio of the 5 caPidata and the 10 cm8 data approximated a value
of one half. Five consistent peaks were selected from the recorded /pae/ datge The f
continuous peaks were chosen based on two criteria. First, the chosen peaks needed to be
consistent with each other without any outliers included. Second, the chosen peaks
needed to be representative of the majority of the iterations. Five consistentyaeea
not selected if they appeared to be markedly different from other peaks in timgele
Once chosen and averaged, the resulting values were converted from CSL unitsdo cmH
by multiplying the calibration factor. Please see Appendix C for full getsmrs of
calculating pressure values.

Sustained vowel analysis.

The calibration factor was determined by averaging fifty millisecafdse 1 L/s
calibration data and subtracting drift. Calibration data were checkeddoraay by
ensuring that the ratio of the .5 L/s data and the 1 L/s data approximated a aiae of
half. Individual airflow data were analyzed using CSL, Waveview Pro 2.4 and
SoundSwell software. Individual airflow data were analyzed by isolatingithew and
EGG channels from the audio channel for prolonged vaatelhe isolated channels
were separated into the three elicited tokens and the second token was entered in

Waveview Pro 2.4. This token was inverse filtered beginning 2.08 seconds from the
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beginning of the sample, continuing for 10-15 cycles (Rothenberg, 1972). After the

experimenter was trained in the process of inverse filtering, all sigreak filtered by a

single experimenter to ensure that all signals were filtered milasmanner for

reliability. Inverse filtering involves filtering out resonances of theavt@act from the

waveform. This involves initially adjusting three notch filters for the vowsédan the

gender of the speaker (Peterson and Barney, 1952) and setting the time constant to .30

ms. Additionally a low pass filter was set to 2300 Hz or above to eliminate thenoé

of higher frequency resonances. Filters were then more carefully adjustethese

published frequencies, beginning with the lowest frequency filter for gernead sthen

the second filter to smooth out higher frequency resonances, and ending with the third

filter to smooth the wave. Filtered files were subsequently measured in SoundSwell
Time and amplitude were determined for the peak and valley for each cycle by

zooming in as close as possible to the selected waves and then making a series of

measures as depicted in Figure 1. Initially the cursor was adjusted nmidetéhe

highest and lowest points on the selected wave (amplitude and timerat & on

Figure 1). Fifteen percent of the difference between average of peak values@yt a

of valley values was calculated to determine the boundary line between the open and

closed phases of the cycle (Rothenberg & Mahshie, 1988). Time values were regorded f

any point in the selected waves crossing this linea(id T, on Figure 1). Amplitude-

based values from the peak and the valley were used to calculate peak flowu(iengtlit

T1 on the flow glottogram multiplied by the calibration factor), DC flow (amplitudi; at

on the flow glottogram multiplied by the calibration factor), and AC flow (&b at

T1 minus amplitude atsImultiplied by the calibration factor). Time-based values were
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used to calculate open quotieng (hinus Tdivided by the cycle’s duration), closed
quotient (T of the next cycle minus;Tof the cycle divided by the cycle’s duration), open
speed quotient (T divided by ©-T; on the flow glottogram), aQuotient T, divided

by the cycle’s duration) and bQuotient{T; divided by the cycle’s durationyée

Tables 1 and 2 for definitions and descriptions of calculations and Figure 1 for visual
representation of o] T1, T,, and ).

Airflow and EGG signals were temporally aligned so that measures fribowa
and EGG signals reflected the same glottal cycle. As with the airftpals, a boundary
line was calculated between the open and closed portions of the cycle at 15% of the
difference between the average peak and valley amplitudes. The selacesdwere
opened in SoundSwell and the zoom was adjusted as close as possible to the selected
wave. Time was recorded for the peak ¢h Figure 1), valley (fon Figure 1), and each
point where the boundary line crossed the selected EGG cyglaad T, on Figure 1).
Time-based values were used to calculate closed speed quagiehti{& next cycle-7
divided by &-T), cQuotient (B-T, divided by the cycle’s duration) and dQuotieng ¢
the next cycle-Tdivided by the cycle’s durationy}éeTable 3 for definitions and Figure
1 for visual representations 0§, 1 T, and ).

Statistical analysis.

Group data were entered into SPSS using Bonferroni correction. Descriptive
statistics were generated and an analysis of variance (AN@¥# calculated between
groups for subglottal pressure. A multivariate analysis of varianédN@VA) was
calculated between groups for peak pressure, DC flow, and AC flow. A multivariate

analysis of variance (MANOVA) was calculated between groups for operequand
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closed quotient, for open speed quotient and closed speed quotient, and for all quarter

guotients.
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Chapter 3: Results

Subglottal pressure values were presumed equal to the greatest liptressare
values immediately prior to the plosive release in /pae/. Males had a meanttalibgl
pressure value of 4.967 cia®l (1.22), females had a mean value of 5.332 gmH
(2.923) and MTF speakers had a mean value of 6.1950n(iH36) represented in
Figure 2 and Table 5. Although differences between these gender groups didmot reac
statistically significant levels in an ANOVA (F(2,25)=1.634, p=.215), repreddnt
Table 7, MTF speakers had the greatest derived peak subglottal preskwedfbly
females and then males with the smallest value.

Peak flow is the greatest rate of airflow during a cycle and DC flakeiseast
rate of airflow during a cycle and usually represents leakage durirntptesl phase.
Together, they can be used to calculate AC flow, which represents tbevaiét is
influenced by the vocal folds opening and closing. Females had a mean peak flow value
of .215 L/s (.077), TG speakers had a mean peak flow value of .347 L/s (.141) and males
had a mean peak flow value of .449 L/s (.136). Females had a mean DC flow value of
.052 L/s (.072), TG speakers had a mean DC flow value of .083 L/s (.080) and males had
a mean DC flow value of .111 L/s (.056). Females had a mean AC flow value of .162 L/s
(.049), TG speakers had a mean AC flow value of .264 L/s (.087) and males had a mean
AC flow value of .339 L/s (.124). All values are represented in graph and table form in
Figure 3 and Table 5. A MANOVA revealed a significant difference amomgpg for
AC flow and peak flow, but not for DC flow (see Table 7). Pairwise compariseealre
significant differences between male and female groups for Peak flob0@)=and AC

flow (p=.001), with MTF values between these two groups not significantly different
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from either group (see Table 9). Male voice has the greatest rate @ivdoflpeak flow,

DC flow, and AC flow compared to MTF and female speakers, with MTF speaker values
between the cisgender values. This supports the hypothesis that MTF speakers are
achieving values more similar to those of the desired gender, yet stiddretnale and
female cisgender values.

A second MANOVA tested differences between groups for all the duration-based
measures. The open and closed quotients are the percentage of time that thedgocal fol
are open or closed for the total duration of the cycle. Male speakers had an avemage ope
guotient of .547 (.096), female speakers had an average open quotient of .65 (.086), and
TG speakers had an average open quotient of .721 (.061). Transgender speakers had an
average closed quotient of.279 (.061), female speakers had an average closed quotient of
.35 (.086), and male speakers had an average closed quotient of .453 (.096). These values
are represented graphically in Figure 4 and in table form in Table 7. Theee was
significant difference between groups for both open and closed quotient as isgur@sent
Table 8. Pairwise comparisons reveal significant differences betmale and MTF
groups for open quotient and closed quotient@@g for both quotients) and between
male and female groups for open quotient and closed quotient (p=.028 for both
quotients), but not between female and MTF groups (p=.193 for both quotients). The
MTF group had the greatest open quotient value and the smallest closed quotient value.
This indicates that open and closed quotients of MTF speakers do not support the
hypothesis that their values would be between those of the cisgender grdwgrsMaF
and cisgender female values are statistically equivalent, with the feadaés slightly

closer to the males.
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Open and closed speed quotients describe the relative symmetry within the open
and closed portions of the cycle. A quotient close to a value of one will repredeadea
that has symmetrical segments, or the duration of the opening and closing segithent
be approximately the same amount of time. A quotient larger than one will have a less
symmetrical phase with a greater amount of time allotted to the opening segitient of
phase rather than the closing segment of the phase. Transgender speakdu&Sliasa
an average of 2.149 (1.022), male speaker CSQ values had an average of 2.273 (.954) and
female speaker CSQ values had an average of 2.395 (1.97). Male speaker OSQ values
had an average of 1.395 (.27), TG speaker OSQ values had an average of 1.548 (.556),
and female speaker OSQ values had an average of 1.601 (.372). All values are
represented in graph and table form in Figure 5 and Table 6. Although between group
differences did not reach statistically significant levels for OSQ,2#)=.659, p=.526)
or CSQ (F(2,27)=.078, p=.925), represented in Table 8, female speakers had the greates
open and closed speed quotients (i.e., least symmetrical and toward a longer opening
segment) followed by MTF and then males with the smallest values in OSQ anctbllow
by males then MTF in CSQ. Speed quotient value differences were small &stotaligt
insignificant.

The quarter quotients (i.e., aQuotient, bQuotient, cQuotient, and dQuotient)
describe the proportion of each quarter to the duration of the total cycle. A Igerfect
sinusoidal wave would have four quarter quotient values of .25. Male speakers had an
average aQuotient, or the opening of the open phase, value of .313 (.055), female
speakers had an average aQuotient value of .392 (.099), and TG speakers had an average

aQuotient value of .423 (.079). Male speakers had an average bQuotient, or the closing of
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the open phase, value of .234 (.055), female speakers had an average bQuotient value of
.267 (.059), and TG speakers had an average bQuotient value of .297 (.065). Female
speakers had an average cQuotient, or closing of the closed phase, value of .196 (.080),
male speakers had an average cQuotient value of .216 (.065), and TG speakers had an
average cQuotient value of .221 (.090). Transgender speakers had an averageatgQuotie
or the opening of the closed phase, value of .399 (.081), female speakers had an average
dQuotient value of .445 (.078), and TG speakers had an average dQuotient value of .454
(.095). The values are represented in graph and table form in Figure 6 and Table 6. Ther
was a significant difference between groups for aQuotient (F(2,27)=5.117, p=.013), but
not for bQuotient (F(2,27)=2.764, p=.081), cQuotient(F(2,27)=.293, p=.749), or
dQuotient (F(2,27)=1.192, p=.319), represented in Table 7. Pairwise comparisons for
aQuotient revealed significant differences between the MTF and male ¢psu@$3),
but female values were not significantly different from MTF (p=1.0) oerfya#.103)
speaker groups, represented in Table 9. Like with the open and closed quotients, the MTF
speaker values not only shifted significantly away from male values tderaale
values, they slightly surpass female values for aQuotient. Although not saghjfilcis
pattern was the same for bQuotient and dQuotient, but not cQuotient. It is unclear how b,
¢, and d Quotients are modified to compensate when the biologically male larynx
increases aQuotient, but examination of the non-significant mean scores sitggest
possible that MTF speakers decrease dQuotient in order to increase aQuotient.

In summary, the large-scale MTF vocal fold opening and closing patterns (i.e.,
open and closed quotients) have changed from the biologically male patterns and are now

most similar to those of a female, even slightly surpassing them. The rsoualieer
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guotient adjustments made to achieve this pattern are most apparent in thendQuotie
when the vocal folds are first beginning to open. Additionally, subglottal premssdre
airflow measures of MTF voice seem to shift toward female values (peassy have
even surpassed female values) but not to the extent that they are statdiffeaint

from male values.
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Chapter 4: Discussion
I nter pretation of the Data

The typical hypothesis in transgender research is that as values move tewvard t
normative values of the desired gender, the likelihood that the TG individual gextce
as the desired gender increases. The results of this study suggest thaidtihiesis may
not be the case for all measures and that suggestion has consequences fatsabfaspe
TG voice feminization not currently supported by specific TG research. Trentur
study’s findings suggest that MTF speakers alter their vocal fold \obrp#ttern
(duration measures) into something different from either gender to achitew ai
amplitude values that approximate those of the desired gender.

This new pattern was made up of an increased open quotient created by an
increased aQuotient. It is of limited use to look at measures that did not distingilgsh m
from female groups (i.e., subglottal pressure, DC flow, both SQ and the three
nonsignificant quarter quotients); however, examination of the mean values rtteeal
MTF group, while not significantly different in these measures, was betleendle
and female values for two measures (DC flow, OSQ), farthest from thegroalein
four measures (subglottal pressure, a, b, and dQuotients), and farthest from e fema
group in two measures (CSQ, cQuotient). Only by examining a variety cuneseof
glottal behavior can it be seen that it is most likely that MTF spealsrsticonform to
the typical TG hypothesis; rather, MTF speakers create a difjgaértn within the
timing aspects of phonation in order to approximate desired gender values in amplitude
measures.

Inter pretation of Data within the Context of Previously Published Results
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This study’s data are in many ways consistent with previously publishedresult
Perkell et al. (1994) report peak flow for male and female speakers to be szl /
.286 L/s while this study found peak flow for male and female speakers to be .449 L/s
and .215 L/s. They report AC flow for males and females as .331 L/s and .156 L/s while
this study found AC flow to be .339 L/s and .162 L/s respectively. The values for DC
flow were not significantly different between genders in either study. Higods
Saxman (1991) find the male open and closed quotient to be 57% and 50.8% respectively
and the female open and closed quotient to be 63% and 44.5% respectively. This study
finds that the male open and closed quotient to be 54.7% and 45.3% respectively and the
female open and closed quotient to be 65% and 35% respectively. Higgins and Saxman
also find that the bQuotient and OSQ for males is 19.7% and 1.52 and for females is
23.7% and 1.36. This study finds the bQuotient and OSQ for males to be 23.4% and 1.39
and for females to be 26.6% and 1.6. While OSQ values reversed for males and females,
the gender differences were not statistically significant in eithey skidally, Chen et. al
(2002) find cQuotient and dQuotient to be greater in males than in females. Exast value
are not comparable because Chen et al. reported in milliseconds and not in quotient
format. They also find that CSQ is 1.39 for males and 2.09 for females, much like this
study’s 2.27 for males and 2.39 for females. Overall, this study’s values evesistent
with previously published cisgender results.

The airflow values of the MTF speakers in this study were unlike those of the
MTF speakers in the Gorham-Rowan and Morris (2005) study, which reported MTF to
have greater airflow than either gender group. It was originally hgpted that MTF

speakers make adjustments within the closing segment of the vocal fold vibration to
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increase their amplitude measures beyond those of either gender. This istsualys

were not consistent with Gorham-Rowan and Morris because the data suggest that T
speakers do not increase amplitude values beyond those of either gender, but apgproxim
their values to their desired gender’s values. The results of this study shegasposite

of the hypothesis that MTF speakers would adjust the closing phase (b+c) ardl instea
suggests that TG speakers modify the open phase (a+b) of the glottabayelate

airflow amplitude measures that approximate those of the desired gender.

The current study’s data further suggest that the MTF speaker inctleases
amount of time that the glottis is open by increasing the duration of time that inis@pe
during the open phase (i.e., aQuotient). In other words, the MTF speaker iathease
aQuotient in order to achieve a more feminine voice instead of increasing thedmQuoti
to approximate female values. No other quarter quotient value for MTF speakers wa
significantly different from males, so it remains unclear which quotijedgsreased to
allow for an increased aQuotient. Nonsignificant data trended toward a largerdmuot
for MTF speakers, like in cisgender females. It does not appear, howeveQuiotieat
was decreased, as was originally hypothesized, to give greater len@Quhaieat and
bQuotient. Instead, it appears that dQuotient may have decreased to add length to the
aQuotient. Additional data should be collected to determine if these trend-teliebg
may be significant with a larger sample and more statistical power.

While differences in derived peak subglottal pressure were not significant
between groups, the data are greater for MTF speakers than for eijeedeisgroup.
MTF speakers had derived peak subglottal pressure values slightly ¢gneaterther

male or female speakers, who had almost identical values. This increaseattaubg
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pressure could explain the smaller dQuotient (i.e., faster opening to end dteptase)
because a greater amount of subglottal pressure would increase thet sg@ed the
vocal folds open and close. The dQuotient represents the portion of the cycle in which the
vocal folds are transitioning from fully closed to beginning to open. The soltere-fi
theory states that subglottal pressure is what forces the vocal folds to opefoy¢hihe
subglottal pressure influences the dQuotient in particular. This subglottal pressyr
not be used, as it is thought traditionally, to increase tension and therefore loudness, but
to change the vocal fold vibration pattern while using loose vocal folds. Speed quotient
data, while not significant, support this potential explanation because MTF had an open
speed quotient more similar to females than to males with MTF having a sohaslked
speed quotient than either gender. Although not significant, the closed phase was most
symmetrical for MTF speakers, supporting the interpretation that dQuotiéet is t
segment that decreases in MTF speakers to compensate for a longer aQuotient
Limitations

The first limitation of this study was the availability of participantse MTF
participants were fairly easy to recruit as they were typicably gaents of the
GWUSHC. The inclusion of FTM participants in statistical calculations coutdrbe
inform whether TG speakers adjust glottal characteristics toward thdssradesired
gender’s normative values, and if FTM and MTF adjust in similar patterns (i&allpar
to be between cisgender values, or equivalent to desired gender, or perhaps beyond
desired gender in a unigue pattern). Increasing the number of participandsineoease
the statistical power of the results. The second limitation was the formd&ich data

were collected. The calibration factor was applied after datacediexted and this
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limited the type of measures that could be calculated. The third limitatioatithe MTF
speaker group in this study may have included speakers who would not be perceived as
female to listeners. However, all MTF participants had received voicaif&tion

therapy..

Future Directions

Future studies should continue to investigate glottal physiology of the TG larynx
with both visualization and perceptual data. It is important to consider the three
dimensional nature of the larynx. The current study’s examination of mucosatavave
guantify the timing and phase shifts of the glottal cycle could be supplementeialy
examination of glottal configuration (e.g., posterior chink). No conclusions canwe dra
about glottis size without supplementing aerodynamic measures with visoalidata.

This study’s data are limited to describing how MTF speakers createatefgoice by
altering timing of the mucosal wave, however future studies could includdizagioan
data to elaborate upon these conclusions.

All, some, or none of the statistically significant values (peak flow, AC,flow
aQuotient, open quotient, or closed quotient) may relate to the perception of gender. If
any of these values are found to correlate with the perception of gender in lveice, t
might be important for guiding assessment and treatment of TG voice. The current
study’s data are informative and suggest that the MTF laryngeal physdwegynot
approximate female values, which could lead to a clinical practice paradifjraveay

from the current approach of simply aiming for the desired gender’s normatime val
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Appendix A
Calibration Procedures
Set-up.
1. Turn on the computer and log onto Hancock profile
2. Open the CSL main program
3. Turn on the CSL box
a. "DC Coupled" buttons should be on (show green light) for Channels 3and4.
4. Tosetup CSL
a. Go to options and then capture
b. Check the boxes for channels 3 and 4 and make channel 3 active
c. Setthe sample rate at 22050 Hz
d. Set the capture time for 15 seconds
e. Verify that the input device is "CSL 4500 (ASIO)
f. Close the scope window and draw the A window to be whole screen so you
can see it.
5. To set up the MS110 box
a. The power source is “EXT” and the power plug is plugged in.
b. "Modulator" are both off
c. "Input Invert" are both off
6. On the front of the MS110 box
a. “TC"is off
b. "Offset" black switches are on ADJ

c. "Gain" black switches are on Fixed

44



d. "Input AandB" will be dual cord
e. The "A" cord should be attached to "PT-2E" Transducer (air flow)
f.  The "B" cord should be attached to "P25" Transducer (pressure)
Calibratefor Airflow
1. Set up the pneumotach calibration unit
a. Plug the power cord into the power source
b. Turn the power on in the back
c. Remove the black stopper from the top
2. Set up the mask
a. Don't touch the mesh circles
b. Wipe after each use
3. Calibrate for airflow
a. Plug the PT-2E transducer into the mask
b. Plug the other opening
c. Ensure that mode on pneumotach calibration unit is on "flow"
d. "Record" on CSL
I. Adjust "offset" (Channel A) until green line disappears in center line
ii. Since no flow is going into the mask, there should be no flow
registering on MS110/CSL

e. Place the mask on the gray base on top of the pneumotach calibration unit

-

Turn the flow rate to 1/2 liter/sec and the volume to 1 liter

g. Press the mask down onto the gray base
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h. Press the start lever on the calibrator and record the signal until thatoalibr
stops
I. Save signal in Hancock>Documents>Study-TG Speech and
Voice>Calibration> (Make folder labeled with participant ID)> ha#tlit
+Participant ID (ex: half liter SM001)
J.  Turn the flow rate to 1 liter/sec and leave the volume at 1 liter
k. Press the mask down onto the gray base
I. Press the start level on the calibrator and record the signal until thexalibr
stops
m. Save signal in Hancock>Documents>Study-TG Speech and
Voice>Calibration> (Make folder labeled with participant ID)>
liter+Participant ID (ex: liter SM001)
Calibratefor Pressure
1. Setup the PC-1H calibrator
a. Pull up the syringe
2. Set up the mask
a. Don't touch the mesh circles
b. Wipe after each use
3. Calibrate for pressure
a. Plug the P-25 transducer into the mask
b. "Record" on CSL

I. Adjust "offset" (Channel A) until green line disappears in center line
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ii. Since no pressure is going into the mask, there should be no pressure
registering on MS110/CSL

c. Plug the P-25 transducer into the "transducer port" on the front of the PC-1H
calibration unit

d. Push down the syringe until meter says 10 e@nd record on CSL

e. After approximately 4 seconds, pull up the syringe so the meter says®GcmH

f. After approximately 4 seconds, press the "pressure release" button until the
gauge goes down to O.

g. Save signal in Hancock>Documents>Study-TG Speech and
Voice>Calibration> (Make folder labeled with participant ID)> pressure

+Participant ID (Ex: pressure SM001)
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Appendix B
Speaker Protocols

Step 1: Intro and consent.

“Thank you for coming to participate in this study! Right now we’re studying
some basic acoustic and aerodynamic physiology of voice, especiafigdraler voice.
This will give our field a lot more information and help us develop healthy voice
techniqgues most effective for changing how people perceive a transgendel willdse
asking you some questions and then we’ll get started with the voice part, ok?

First | need you to complete some paperwork. This form explains what the study
is about and tells you about our procedures to keep everything confidential, potential
risks and benefits to you, and that you will receive $10 when we finish here todese Ple
read it over and let me know if you have any questions.”

Step 2: Questionnaire.

“l just have a couple questions to ask you...” Tester should write on questionnaire
and ask questions verbally. Make sure you have the correct questionnaires(idensg
non-transgender). If a participant does not meet (even one) criteria, cartieghgdarand
therefore no payment.

Step 3: Derived subglottal pressure and flow rate.

Use the mask with pressure and flow transducers and a microphone. This
procedure is modeled off of Holmberg. et al (2009). Instructor should say “Say /pae pee
pae / about 20 times or for approximately 7 seconds in a monotonous, smooth pattern.
Keep your pitch, volume, and rate constant (3 syllables per second). Every /pa/ should

sound about the same. Let’s practice first.” Instructor should change CSL Chaone
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EGG and place EGG transducers on person and test signal. Remove pressure
transducer/tubing and replace with red plug in mask. In CSL, go to Options theneCaptur
and change the time to 40 seconds

Step 4: Sustained vowelsin modal and glottal register.

Use the mask with the flow transducer and a stopper in the second opening as
well as the EGG transducers and a microphone for this task. This procedure is modeled
off of Chen, Robb, and Gilbert (2002), Gelfer and Schofield (2000) and Gorham-Rowan
and Morris (2006). Instructor says “Now | would like you to say the vowel thress
and hold it out for about 6 seconds each time. Try to stay at the same volume so don’t go
loud and soft. | will use my hand for stop and go, like this” (move hand back and forth

for “go,” and hold up for “stop”). Repeat these instructions fdr/ge/ /u/ and /i/.

49



Appendix C
To Calculate Pressure Values
1. Open CSL from desktop then Main CSL Main Program button
2. Open calibration file in Window A

a. Documents then Study-TG Voice and Speech then Calibration then
filename will include participant ID number and “pressure” (after opening,
will need to streth Window A to see all channels. Pressure is Channel 4)

b. Scroll until red cursor in highest section in Channel 4 (this was when 10
cmH,O were flowing) and check the y-axis value below in the bottom bar
of the window.

c. Average 3 representative points (ignore outliers) and enter this number
into the Excel spreadsheet, “pressure” tab in the “calibration 13©mH
column.

d. Putred cursor in lowest section, which may appear to coincide with the 0
zero (this was when 0 cmH20 were flowing) and check the y-axis value
below in the gray area of the window.

e. Average 3 representative points (ignore outliers) and enter this number
into the Excel spreadsheet, “pressure” tab in the “calibration GOMH
column.

3. Open papapa file in Window A (ok to remove calibration file away)

a. Documents then Study-TG Voice and Speech then papapa

b. Isolate Channel 4
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i. Activate Channel 3 by clicking in it. Edit then multichannel
function then split from next channel in source
ii. This will put Channel 4 in Window B. Activate Window B by
clicking on it. You can stretch it larger.
iii. Save as SpeakerID papapa FP

c. Select the middle 5 peaks using the blue cursors. (insert comment on
spreadsheet if one seems like an outlier)

d. View then Selected Data (Alt+V)

e. Foreachof those 5 peaks, put the red cursor on the peak (use the space
bar to move slightly left and right) and record the y-value and time on the
Excel spreadsheet in the “pressure” tab

f. Determine the average for time and y-value between each selected peak
Record the average for time and y-value on the Excel spreadsheet.

4. Before opening the next participant’s files, you will need to reset

a. File then RESET (to the User Configuration)
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Appendix D

Calculating Flow and EGG Data

1.

To calculate flow values.

Inverse filter (WaveView Pro)

a.

b.

Open file with “FEa” at end of filename (or FEb, FECc)
Adjust Gain to x10, Zoom to 640ms, scroll to 2.08s
Select vowel
Turn on 50 Hz LPF
Set the time adjustment for .30 ms for consistency.
Do not set the high-pass filter lower than 2400 Hz.
Turn on all filters, adjust according to first cycle beginning after 2.08s
i. For general shape, adjustfitter. Adjust R until all large
secondary peaks have disappeared. If large secondary peaks are
present, Fis likely too high.

il. For smaller secondary speaks, adjust thiter.

lii. For smoothing, adjust the; Rlter.

iv. If afile is aperiodic, skip cycles that will require filters more than
300 Hz different at anyone filter than filters set for previous cycles
and restart filtering at the next periodic cycle.

Save file, adding “filtered at {insert time using — instead of .} for {#}
cycles. Ex: MTFO01 mod1 FE filtered at 2-31 sec for 4 cycles
Repeat process, beginning with the next cycle (so you will need to note

time to start next file)
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J. Do this for 10-15 cycles.
2. Calibration files (Swell)
a. Open file in CSL Model 4500
i. Documents then Study-TG Speech and Voice then Calibration
b. Expand Window A
c. Click on Channel 1
d. Edit then Multi-Channel functions then Split from next Channel in Source
(now Flow data will be in the new “B” Window)
e. With Window B active, File then Save then (use same file name but save
as .wauv file)
f. File then RESET (to the User Configuration)
g. Repeat steps a through f
h. Transfer files to jump drive
I. Transfer files from jump drive to Flow Calibration data folder on Desktop
J.  Open SoundSwell (Programs then Soundswell then Editor)
k. Open 1 liter file for participant (make sure you are looking for .wav files)
I.  Select a section of 3 levels (positive, zero, negative) by left clicking and
dragging, then Zoom (View menu or Ctrl+2)
m. Highlight selection of positive signal to cover 30 seconds
n. Measure (View Menu or Shift+F5)
i. The t value should be near .5 (half minute) and the y-value is the
average for that selection.

0. Record the y-value to the thousandths place in the spreadsheet
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P.

g.

Repeat for zero section and negative section

Repeat for %2 liter file

3. Measure Flow (Swell)

a. Open SoundSwell

b.

Open file (make sure you are looking for .wav files) from the filtered data
folder on desktop

Select the section near the time noted in the spreadsheet by left clicking
and dragging, then Zoom (Edit menu or Ctrl+2)

i. May repeat several times until you see the cycles of interest
Measure (View Menu or Shift+F5)

I. The tvalue is the time (x axis) and the y-value is amplitude unit (y-

axis)
Use the right and left arrows to move the cursor to points TO, T1, T2, min,
T3
Calculating the 15% criterion line:

i. 15% line = min + .15(max-min)

ii. **TO and T2 should cross at 15% line for both airflow and EGG signals
The excel spreadsheet equations will fill the y-values for TO and T2. Use
the cursor to find this y-value in each phase (open and closed) of the
cycle- when the cursor is at the y-value, that spot becomes TO or T2.

i. Enter the x-values for all TO and T2.
ii. Sometimes the cursor cannot land exactly on your desired y-value.

Try to zoom in, and use the closet y-value to your desired y-value.
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lii. Record TO for next cycle if more than one inverse-filtered file is

saved.

To calculate EGG values.

1. Measure EGG (Swell)

a.

b.

Open SoundSwell Editor

Opem the file from the EGG data folder on the desktop.

Select the section near the time noted in the spreadsheet by left clicing an
dragging.

Zoom (Ctrl + Z)

i. May repeat several times until you see the cycles of interest
Measure (Shift + F5)

I. The tvalue is the time (x-axis) and the y-value is amplitude unit (y-

axis)
Use the right and left arrows to move the cursor to points TO, T1, T2, min,
T3.
Calculating the 15% criterion line:

I. 15% line = min + .15(max-min)

il. TO and T2 should cross at 15% line for both airflow and EGG signals
The excel spreadsheet equations will fill the y-values for TO and T2. Use the
cursor to find this y-value in each phase (open and closed) of the cycle- when
the cursor is at the y-value, that spot becomes TO or T2.

i. Enter the x-values for all TO and T2.
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ii. Sometimes the cursor cannot land exactly on your desired y-value. Try
to zoom in, and use the closet y-value to your desired y-value.

lii. Record TO for next cycle if more than one inverse-filtered file is saved.
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Figure 4.Graph of mean airflow duration quotient values (+SD) for open quotient and
closed quotient for males & 10), females i = 10) and male to femalen(= 10)

speakers.
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Figure 5.Graph of mean speed quotient values (+SD) for open speed quotient and closed
speed quotient for males € 10), females i = 10), and male to female (= 10)

speakers.
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Figure 6.Graph of mean quarter quotient values for aQuotient, bQuotient, cQuotient, and
dQuotient (+SD) for males(= 10), females 1t = 10), and male to female (= 10)

speakers.
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Table 1

Airflow Amplitude Measure@erkell, Hillman, Holmberg & Gress, 1994

Measure  Definition Formula Male  Female Gender
(M) (F) compariso
n
Peak flow Peak flow is the greatest YT1 — 410 .286 M>F
(L/s) airflow at one time. zero L/sSD SD.1
.087
AC (L/s) AC flow is the difference (YT3- 331 156 M>F
between peak flow and DC zero)/(YT L/sSD SD
flow in L/s. 1-zero) .069 .051
DC (L/s) DC flow is the minimum  YT1-zero .080 130 M<F
airflow. L/sSD SD
.045 .063
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Table 2

Airflow Duration Measureg¢Higgins & Saxman, 1991

Measure  Definition Formula Male Female Gender
(M) (F) compari
son
Open The time that the vocal (atb)/period 57SD 63SD M<F
guotient folds are open over the 10.7 9.7

duration of the cycle
including both the opening
and closing portions of the

open segment.

Closed The time that the vocal (ctd)/period 50.8 445 M>F
guotient folds are closed over the SD9.1 SD

duration of the cycle 11.6

including both the closing

and opening portions of the

closing segment.

aQuotient  This is the duration of the a/period No data No data No data
rise of the open segment on availabl availabl available
the airflow waveform, or a, e e

over the period of the cycle.
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bQuotient  This is the duration of the b/period 19.7 23.7 M<F
fall of the open segment on SD35 SD3.2
the airflow waveform, or b,

over the period of the cycle.

Open The time that the vocal a/b 1.52 1.36 M>F
phase folds are opening over the SD .35 SD .48
Speed time that the vocal folds are

Quotient  closing during the open

(0SQ %) segment..
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Table 3

EGG Duration MeasurefChen, Robb, & Gilbert, 2002

Measure Definition Formula Male Female Gender
(M) (P comparison
cQuotient  This is the duration of thee o c/period 4.81ms 1.86 ms M>F
the closed segment on the EGG SD146 SD .53
waveform, or ¢, over the period
of the cycle
dQuotient This is the duration of tfedl of d/period 6.44ms  3.46 ms M<F (for
the closed segment on the EGG SD 1.46 SD 0.57 quotient)
waveform, or d, over the period
of the cycle
Closed The time that the vocal folds ¢ d/c 1.39SD 2.09SD M<F
phase opening over the time that the 27 .83
speed vocal folds are closing during
quotient  the closed segment.
(CSQ)

Note Normative data from Chen, Robb, and Gilbert (2002) is measured in seconds and is

therefore representative of the segment and not the quotient. This studyawiihexhe

guotient because the segment is highly dependent on fundamental frequency and quotient

controls for this by dividing by the period of each cycle.
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Table 4

Demographic Characteristics of Participants

Age Height

Weigh Birth

t

gender gender

Desired Medication

Prior voice

treatment

MTFOO1 39

73

239

male

female

Estrogen,
Estradiol,
Spironlactone,
Prometrium,

Finasteride

No

MTF002 42

74

202

male

female

Estrogen,
Keppra,
Lamictal,

Trileptal

Yes

MTFOO5 53

67

165

male

female

Lupron,
Delestrogen,

Paxil

Yes

MTFO06 28

73

165

male

female

Estradiol,
Aspirin,
Fishoils,
Vitamin C,

Multivitamin

Yes

MTFO08 59

67

155

male

female

Evamist

Yes

MTFO09 50

68

200

male

female

Estradiol,

Yes
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Multivitamin,

Antihistamine

MTF010 57 69 168 male female  Estradiol, yes
Prilosec

MTFO11 55 74 238 male female  Spironolacton¥ges
Premarin, Baby
Aspirin

MTF012 24 71 160 male female  Estradiol, Yes
Celexa,
Wellbutrin

MTF014 29 69 160 male female  Claritin, Yes
Estrace,
Spironolactone

MO0O01 28 71 145 male

M002 53 70 220 male Vitoran

MO004 28 74 210 male

MO0O06 43 71 157 male Finasteride

MOO7 53 73 245 male

MOO08 22 71 185 male

MO009 39 68 140 male Finasteride

MO010 59 69 165 male

MO11 56 71 190 male Crestor

MO012 54 68 240 male Meripax,
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Aspirin,

Lexapro
FOO03 28 64 135 female Ortho tri
cyclene,
omeprazole
FOO4 24 64 135 female Yasmine
FO05 59 64 139 female Synthroid
FO06 27 65 155 female Yasmine
FO07 56 66.5 149 female Prozac
FO08 60 68 207 female Atenolol
FO09 37 70 170 female
FO10 40 64 205 female Claritin
FO11 59 66 183 female Advair,
Atrovent,
Metformin,
Tricort
FO12 61 66 150 female Synthroid
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Table 5

Mean and Standard Deviation for Derived Subglottal Pressure, Airflow Amplitude

Measures, and Open and Closed Quotients for Males, Females, and Male to Female

Speakers
Subglottal AC flow DC flow Peak flow Open Closed
pressure  (L/s) (L/s) (L/s) guotient  quotient
(cmH0)

Male 4.968 339 111 449 547 453
(1.225) (.124) (.056) (.136) (.096) (.096)

Female 5.332 162 .052 215 .649 350
(1.923) (.048) (.072) (.077) (.086) (.086)

MTF 6.195 .264 .083 (.08) .347 721 279
(1.362)  (.087) (.141) (.061) (.061)

70



Table 6
Mean and Standard Deviation for Speed Quotients and Quarter Quotients for Males,

Females, and Male to Female Speakers

Open Closed aQuotient bQuotient cQuotient dQuotient
speed speed

guotient  quotient

Male 1.395 2.273 313 234 217 454

(.270) (.954) (.055) (.055) (.065) (.095)

Female 1.601 2.396 .392 267 196 445

(.372) (1.971)  (.099) (.059) (.080) (.078)

MTF 1.548 2.149 424 297 221 .399

(.556) (1.022)  (.079) (.065) (.091) (.081)
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Table 7

ANOVA Results for all Measures

Source df (group, error) F

Subglottal pressure 2,25 1.634 0.215
Peak flow 2,27 9.356 0.001
AC flow 2,27 9.302 0.001
DC flow 2,27 1.742 0.194
Open quotient 2,27 11.288 0
Closed quotient 2,27 11.288 0
Opening speed quotient 2, 27 0.659 0.526
Closing speed quotient 2,27 0.078 0.925
aQuotient 2,27 5.118 0.013
bQuotient 2,27 2.764 0.081
cQuotient 2,27 0.293 0.749
dQuotient 2,27 1.192 0.319
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Table 8

The p-values for Between-Group Differences for Derived Subglottal PressaticayA

Amplitude Measures, and Open and Closed Quotients for Males, Females, and Male to

Female Speakers

Subglottal Peak flow ACflow DC flow  Open Closed
pressure quotient  quotient
Male and 1 .001 .001 219 .028 .028
female
Male and .277 214 243 1.000 .000 .000
MTF
Female  .691 .065 .059 1.000 193 193
and MTF
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Table 9
The p-values for Between-Group Differences for Speed Quotients and Quarter Quotients

for Males, Females, and Male to Female Speakers

Open Closed aQuotient bQuotient cQuotient dQuotient
speed speed

qguotient  quotient

Male and .836 1 .103 713 1 1
female

Male and 1 1 .013 .079 1 487
MTF

Female 1 1 1.000 .789 1 712
and MTF

74



