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ABSTRACT

Recently it has been argued that some aspects of the
signal usually associated with a speaker’s biological
sex may also vary systematically in relation to
measures of the speaker’s masculinity/femininity,
suggesting gender identity, gradiently defined, may
be a source of inter-speaker variation in speech. The
present study attempted to extend the findings from a
recent production study reported in [1] (which tested
a German sample) to English. Read speech from a
sample of 74 American English speakers (38 women,
36 men) was collected and analyzed with respect to
two variables known to vary, in part, as a function of
speaker sex and/or gender: vowel space area and the
spectral center of gravity for sibilant /s/. These
acoustic phonetic variables were then considered in
relation to gradient measures of the speakers’ self-
ascribed femininity. Results were partially and only
weakly consistent with the previously-reported
German findings.

Keywords: masculinity/femininity, socio-phonetics,
gender identity, individual variability in speech.

1. INTRODUCTION

A number of acoustic-phonetic factors are known to
distinguish, to varying degrees, the speech of men and
women. Some of the most well-studied aspects of the
signal believed to distinguish the sexes, biologically
defined, include measures of spoken fundamental
frequency (f0) — especially mean f0 ([2], [3]) and fO
range ([4]) — as well as differences related to voice
quality ([5]), acoustic vowel space size ([6], [7]), and
the spectral characteristics of sibilant fricatives ([8],
[9]). For example, in comparison to men’s speech,
women have generally been shown to produce higher
mean f0, a wider fO range, a larger acoustic vowel
space area and higher spectral mean (i.e., center of
gravity), for sibilant /s/. Importantly, however, such
phonetic differences have been described as
reflecting not only biophysical differences between
the male and female sexes, but also learned
differences that distinguish men and woman as
gender groups, where ‘gender’ is understood as a
cultural/socio-cognitive construct (e.g., [10], [11]). In
other words, one’s speech patterns encode
information about both sex (biological dimorphisms
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distinguishing males and females) and gender
(learned/abstract social divisions between men and
woman).

However, both in the language sciences and in
many societies more generally, there is growing
recognition that understanding the role that sex and
gender play in speech will likely require recognizing
more than just these binary, categorical distinctions.
On the one hand, there is well documented within-sex
variation tied systematically to distinctions in sexual
orientation, such as straight versus non-straight
speakers ([12], [13]). However, it is also known that
gender characterizations not directly related to sexual
orientation, such as a coarse distinction between
cisgender and gender expansive speakers, have
correlates in the speech signal as well ([14], [15]).
Most pertinent to our purposes here, there is reason to
believe that gender — again a socio-cognitive
construct — can be understood as not only non-binary,
but perhaps not even categorical. If this is true, then
we would expect to see gradient measures of gender
or ‘gender identity’ predict properties of speech
outputs in correspondingly gradient ways.

In fact, there is some evidence for this kind of
intra-group variability as well. For example, two
studies testing German speakers ([16], [17]) found
that some acoustic cues associated with sex-specific
differences varied as a function of speakers’ scores on
continuous self-report scales of masculine/feminine
social/personality characteristics, which have been
claimed to capture fundamental aspects of a person’s
sense of gender identity ([18]). Moreover, this was
true within groups of lesbian women (in terms of
median f0) as well as within groups of straight and
gay men (in terms of mean second formants for /a:/,
fiz/ and /u:/). Such findings suggest the possibility that
previous work may have overestimated the role of sex
in determining some phonetic properties of speech.
Instead, a significant amount of variation we see
might actually be due to individual differences along
some socio-cognitive dimension(s) related to gender
identity.

Few studies have explored the effect of such
individual variability in gender identity on sex- and
gender-specific speech patterns. One exception was
[1]’s investigation of German speakers. In that study,
gender identity was operationalized in terms of self-
reported ratings on a scale of masculinity/femininity
and the authors examined the relationship between
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these ratings and several acoustic parameters known
to encode sex and gender. Two questionnaires were
used to elicit speakers’ femininity ratings: the F+
scale of the German version of the Extended Personal
Attributes Questionnaire (GEPAQ-F+) ([19]) and the
Traditional Masculinity-Femininity scale (TMF)
([20]). The authors found that both vowel space area
(VSA) and mean 0 varied systematically in relation
to self-ascribed femininity ratings, though only for
male speakers. More specifically, the more
feminine/less masculine that men rated themselves to
be, the larger their VSA and the higher their fO were
(i.e., in the direction of more female-like values). The
other exception was [21]’s study on the moderating
effect of social meaning on pitch range differences of
female and male Japanese-British English sequential
bilinguals. Both female and male speakers’ English
pitch level (measured with mean fO) were found to
vary as a function of individual gender identity, also
operationalized as scores on continuous scales of
masculinity and femininity (in their case, using the
short version of the Bem Sex Role Inventory (BSRI-
short). The findings from both studies invite further
examination of subtle-but-systematic acoustic cues to
constructs such as gender identity, which can
arguably be usefully operationalized in terms of self-
ascribed masculinity/femininity.

To this end, the present study attempted to
partially replicate the basic findings reported by [1],
who found gradient measures of femininity to be
systematically related to subtle differences in speech
usually associated with sex. Our goal, however, was
to extend the discussion to another language, namely
American English, and to use a larger sample size, as
[1]’s data set was rather modest for evaluating
interindividual variation tied to what is, again, best
regarded as a socio-cognitive variable. Moreover, we
also sought to control for prosodic position and
segmental context in the speech samples, which led
us to utilize read speech rather than spontaneous or
unscripted speech (as in [1]’s study). In line with the
investigation in [1], the current study treated gender
identity as a continuous variable, based on speakers’
self-reported scores on established scales of
femininity. With these basic considerations in mind,
the present study asked two research questions:

1.) Do speakers with higher self-ratings of
femininity produce more female-like
values for phonetic variables like VSA or
spectral center of gravity (CoG) for /s/?
These two variables have been shown
previously to vary significantly based on
speaker sex (e.g., [22] for VSA,; [8], [9] for
CoG).
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2.) If so, are these gender-dependent patterns
to any extent also sex-specific?

Based primarily on the findings in [1] and [21], we
made the following predictions. First, we predicted
that the more feminine a speaker rates themselves, the
more female-like their productions of the acoustic
variables will be; in the present case, that would mean
larger VSA and higher spectral CoG for /s/. Second,
we predicted that the patterns may be specific to a
particular sex group. That is, the systematic
relationship between the acoustic variables examined
and the self-reported femininity scores of the
speakers, if any such relationships exist, might be
limited to just one sex group, as this was what was
found previously by [1] for VSA and mean 0, which
were affected by femininity scores for male speakers
only. (See also [21], who found gender ratings to have
the opposite relationship to mean fO for male and
female speakers).

2. EXPERIMENT

2.1. Methods
2.1.1. Participants

A total of 74 monolingual American English speakers
(38 female speakers, 36 male speakers, mean age 21.8
years, SD 3.7) participated in the current study, a
previous analysis of which was reported in [23]. In
order to limit dialectal variation in the speech sample,
all participants recruited in the present study
originated and lived all or most of their lives in New
York City, and more specifically, Staten Island. None
of the participants reported any history of a speech or
hearing disorder. When asked to choose options about
their self-identified (categorical and binary) gender,
only one participant (a biological female who
identified as a man in gender) chose an option that
was different from their biological sex.

2.1.2 Stimuli

Two sets of English CVC wordforms, consisting of
sixteen target words, were used in the study. One set
contained eight words eliciting the four vowels /i/, /¢,
/u/, and /a/ in two consonantal contexts: h_d and
b/p_t. (While the /z/ vowel is in fact more peripheral
than /e/ in American English, it was not used to
construct vowel spaces here due to dialectal variation
associated with ‘a-tensing’ in NYC English; [30]).
The other set of CVCs consisted of four words
intended to elicit /s/ in onset and coda positions.
Target words were to be presented in carrier
sentences in which the target word was contrasted
with another CVC (filler) word in order to induce



ICPhS

22. Sociophonetic Variation

contrastive/emphatic prosodic prominence.

The

phrase positions of target words and their relative
order with the filler words were also varied to balance
the prosodic effects associated with sentence
position, yielding four positions for the target words

in four carrier sentences:

(1, 2) Target/filler is the first word, and
target/filler is the second word. (Phrase-initial)

(3, 4) The first word is target/filler, and the
second word is target/filler. (Phrase-final)

Stimuli were pseudo-randomized and presented in
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2.2. Acoustic and statistical analyses

As described above, the two acoustic measures in the
present study included: (1) the spectral CoG of
sibilant /s/, and (2) VSA, the geometric area of the
guadrilateral enclosed by the points in an F1 x F2
space whose coordinates were defined by the values
(transformed to a Bark scale) of the first two formants
for each of the four vowels (/i/, /¢/, /u/, and /a/). For
each of the acoustic measures, Linear Mixed-Effects
(LME) models were used to identify any effects
related to self-rated femininity scores in predicting
CoG for /s/ and VSA in speakers’ productions.

two blocks whose order was counterbalanced across
participants; one block contained phrase-initial
targets and fillers and the other block contained
phrase-final targets and fillers. One production of
each item in each sentence was collected, resulting in
96 samples per speaker and thus 7,104 tokens for
acoustic analysis in total.

3. RESULTS
3.1. Self-rated femininity ratings

We first consider the distributions of scores on the
two gender-related measures, their relation to each
other and how well they each distinguish the two sex
groups. To that end, the scatterplot in Figl shows the
relationship between TMF and EPAQ-F+ for male
and female speakers. Simple Pearson correlations
showed a marginally significant positive relationship
between TMF and EPAQ-F+, but for female speakers
only. The box and whisker plots in Fig1 illustrate the
amount of overlap in EPAQ-F+ and TMF scores
exhibited by the two sex groups; Welch Two sample
t-tests for the inter-sex differences on EPAQ-F+ and
TMF scores showed a significant sex group
difference for TMF scores (t = 15.716, df =65.751, p
< 0.0001), but not for EPAQ-F+ scores (t = 1.6404,
df = 68.73, p = 0.1055). Therefore, only the TMF
gender scale clearly differentiated the two sex groups

2.1.3. Measurement of gender identity

Similar to the approach adopted in [1], gender identity
was operationalized as scores on two continuous
measures of self-reported femininity, also used in [1]:
the Femininity scale of the Extended Personal
Attributes Questionnaire (EPAQ-F+) ([25]) and the
Traditional Masculinity-Femininity Scale (TMF)
([20]), both of which are intended to assess feminine
traits and behaviours in English-speaking adults. For
each of the questionnaires, the higher the score, the
higher the self-rated femininity.

2.1.4. Procedure

All the recordings were made in a sound-attenuated In this sample.

booth using a head-mounted Shure SM-10A o e e o ns

microphone and a 44.1kHz sampling rate. «® o 0908 N
Participants were seated in the sound booth in front of s e med  Tob

a computer screen, on which the target and filler i | TRl o, "

words were presented in their carrier sentences, one g 0 09 g¥ £

carrier sentence at a time on the screen. To create an " . . ° C 2
interactive speaking context for the task, the ©

participants were told to read the carrier sentences for »| R*=0.055,p=0.17 2 °

the benefit of a confederate, who sat with the I e preT—

TMF sex sex

participant in the sound booth (but behind a curtain)
so as to write down the target and filler words in each
sentence produced by the participant. The
confederate would say “got it” to give verbal
confirmation after each sentence was produced before
moving on to the next. Recordings were saved as wav
files for later analysis in Praat (version 6.1.15, [26]).

Figure 1. Plots for EPAQ-F+ and TMF scores (male
speakers: black; female speakers: white). Left plot: the
relationship between the two measures for the two sexes.
Right plots: boxplots show the distribution of EPAQ-F+
and TMF scores for each sex.

3.2. Effects of femininity ratings on CoG

Fig2 (left two plots) shows the effect of each measure
of femininity on CoG values for /s/. For TMF, though
the relationship was nominally in the predicted
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Figure 2. Scatter plots that show the relationships between the femininity scores and the acoustic variables. (Male
speakers: black; female speakers: white/grey). Left two plots: the femininity scores in relation to CoG; right two plots:
the femininity scores in relation to VSA.

direction for both sexes, a simple Pearson correlation
suggested this relationship was weak — only
marginally significant, and only in the case of female
speakers. EPAQ-F+, on the other hand, was found to
have a significant correlation, and in the predicted
direction, with CoG values — but for male speakers
only. LME analysis further confirmed these patterns;
models showed a significant interaction between
EPAQ-F+ and sex (y? (1) = 12.01, p < 0.001), as well
as a significant main effect for TMF (y* (1) = 7.20, p
= 0.007). Separate sex-specific models showed that
TMF was only marginally significant in predicting
female speakers’ CoG values (x> (1) = 3.16, p =
0.075) and that EPAQ-F+ significantly predicts male
speakers’ CoG values (2 (1) = 12.49, p < 0.001).

3.3. Effects of femininity ratings on VSA

Fig2 (right two plots) illustrate the relationships
between the measures of femininity and VSA. There
was a weak positive correlation between TMF and
VSA, though for female speakers only. This
relationship was shown to hold in a more rigorous
LME modelling; TMF was found to be a marginally
significant predictor of VSA in a sex-specific model
of female speakers (intercept = 0.17, SE = 0.09, t =
1.805, p = 0.08), but not for male speakers’ VSA
(intercept = 0.03, SE = 0.12, t = 0.25, p = 0.80).

4. DISCUSSION/CONCLUSION

The present study examined the relationship between
gradiently defined gender identity, operationalized as
scores on two continuous scales of self-reported
femininity, and two acoustic phonetic variables
usually associated with differences in speaker sex.
Statistical analyses indicated that, at least for male
speakers, higher scores on EPAQ-F+ (indicating
higher levels of femininity) were significantly
associated with productions of /s/ with higher, more
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female-like CoG values. This is, in fact, the predicted
relationship if we assume that (a) gender can be
defined gradiently between two extremes, and (b)
speakers encode this subtle information about gender
in their speech. Interestingly — and as in [1] — this
relationship only held for male speakers, although in
the present case, for a different acoustic variable, and
only when EPAQ-F+ was the measure of femininity.

However, the findings related to EPAQ-F+ in the
present study suggest that that measure may not be
tapping into the same gender-related construct as
TMF, at least not for our American English sample.
That is, unlike GEPAQ-F+ scores in the German
sample in [1], EPAQ-F+ scores in the present study
did not clearly differentiate male and female
speakers, and were also not well correlated with TMF
within-sex (see Figl, above). One possibility, though
speculative, is suggested by [20], who note that some
well-established femininity/masculinity scales tap
into socio-cognitive constructs more closely related
to instrumentality or expressivity of gender traits
rather than gender identity per se. Further research is
therefore likely needed to evaluate this measure. For
the time being, we think that the results related to
TMF in the present study are likely the most reliable,
and therefore that the role of gradiently-defined
gender identity was detectable in the speech of this
American English sample (for both acoustic
variables) — but only marginally so, and only for
female speakers.
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