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Abstract

The present study investigated both acoustic and perceptual
characteristics of Mandarin speech in homosexual and
heterosexual male speakers. Acoustic analyses of monosyllabic
words showed significant differences between the two groups
in FO features (including the mean, the max, and the range), F1
and F2 of vowels, aspiration/frication duration of consonants,
and center of gravity as well as skewness for /s/. Especially, the
patterns were found to be opposite between Mandarin and
American English speakers, which might be due to social
psychological differences between the two societies. The
perceptual experiment showed that the perceived score of
gayness differed significantly between the speeches of the two
groups. Among those acoustic parameters showing significant
differences, fricative duration may be the most salient cue for
sexual orientation of Mandarin male speakers.

Index Terms: homosexual male, heterosexual male, Mandarin,
acoustic analysis, speech perception

1.

Speech conveys not only linguistic information, but also
speaker’s information such as age, gender, health condition, and
social status. There have been a few studies on the effects of
sexual orientation on speech production of American English.
In comparison with heterosexual males, homosexual males
produced /s/ with longer duration, higher peak frequency, and
more negative spectral skewness [1, 2]; much larger VOT for
consonants [3]; larger acoustic vowel space [3, 4], especially
with higher F1 for /e/ and /e/ [2]. However, no significant
difference was found in fundamental frequency (F0) parameters
between homosexual and heterosexual males, neither in
isolated words [2] nor in continuous speech [5].

Previous perceptual studies showed that listeners were able
to identify male speakers’ sexual orientation from their speech.
Some reported the identification from continuous speech [1, 3,
5], and others claimed that reliable judgement could be made
even from isolated word stimuli [2, 6], depending highly on
such segments as /s/, /&/, /e/, /ou/, and /ei/ [2, 7].

Similar studies have been conducted on Cantonese [16] and
Spanish speakers [18], but there is no study on Mandarin yet.
Therefore, the present study aimed to test Mandarin speakers,
and to make a crosslinguistic and crosscultural comparison to
find whether the homosexual male speakers of a tone language
in the oriental culture will show any specific characteristics.

We conducted both acoustic and perceptual experiments.

The acoustic experiment investigated whether homo- and
heterosexual males differed in acoustic parameters of
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monosyllabic words. The perceptual experiment investigated
how well the sexual orientation of male speakers could be
identified from their monosyllabic words. Moreover, the
relationship between acoustic and perceptual results was
examined to find the acoustic cues of sexual orientation.

2. Acoustic analysis

2.1. Speech Data

Twenty-four participants (12 homosexual males and 12
heterosexual males) took part in the acoustic experiment, and
all homosexual male speakers were recruited from a semi-open
volunteer service center in which all members were self and
mutual identified as homosexual. To minimize dialectal
differences, all participants were native speakers of Northern
Mandarin and spoke Standard Mandarin very fluently. None of
them had a reported history of speech or hearing disorders. Each
participant was reasonably paid for the experiment.

The mean age was 23.8 years (SD=3) for the homosexual
group, and 25.8 years (SD=1.9) for the heterosexual group, with
no significant difference between the two groups. The mean
height was 177.7 cm (SD=5.1) for the homosexual group, and
175.6 cm (SD=6.6) for the heterosexual group, with no
significant difference between the two groups. Therefore, the
two groups were well matched in age and height. The match on
height is to minimize the potential FO differences caused by
body size difference.

The Mandarin text materials consist of 64 monosyllabic
words which are composed of nine consonants (/p/, /p", Im/, s/,
Isl, Its™, Itshl, I, 1I]), three vowels (/a/, /il, fu/), and four tones
(T1, T2, T3, T4). Pseudo words are excluded.

After the participants got familiar with the text materials,
speech recording was conducted in a sound-proof booth, using
a portable digital recorder Zoom H4n, digitized at 44.1 kHz
with 16-bit precision. Each participant read aloud the materials
with his normal speaking rate, pitch and loudness.

Among all 64 monosyllabic words, 32 words composed of
three consonants (/p/, /p", Im/), three vowels (/a/, /i/, /uf) and
four tones were selected to examine the FO and formants of
vowels, and 41 words composed of six consonants (fricatives
Isl, Isl; aspirated affricates /ts/, /ts"/, /te"/; and aspirated stop
Ip), three vowels (/a/, /ul, /i/, excluding the apical allophones
of /if) and four tones were selected to examine the durations of
consonants. Acoustic analyses were conducted using Praat [8].
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2.2. Results

2.2.1. Fundamental frequency

Figure 1 shows the FO contours (measured in semitone with
reference to 100 Hz) on the vowels in all four tones. Table 1
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Figure 1: Fo contours of the syllables in four tones.

Table 1: Comparison of FO parameters (St).

mean FO FOmax FOmin FO range
Homosexual 3.94" 8.65" -1.27 9.92"
Heterosexual 5.96" 12.01" -0.77 12.78"

shows the results of Mann-Whitney U tests between the two
groups on four FO parameters including the mean, the max, the
min, and the range of FO. Hereinafter, unless specified, the
asterisks in tables stand for significant differences between the
two groups (p < 0.05). The homosexual group shows lower FO
(especially lower at high pitch) in all four tones.

To further compare the FO contours, we conducted growth
curve analysis [9], an efficient method to analyze nonlinear
contours based on multi-level regression techniques. Since FOs
of Mandarin tones are no more complex than convex/concave
curves, we adopted quadratic polynomials to approximate the
FO contours, i.e., Fo(t) = a+bt+ct?. Here, t stands for normalized
time, and a, b, and c indicate the mean, the slope, and the U-
shape curvature of the curve. Then, we conducted linear mixed-
effects model using the R package Ime4 [10, 15] to find the
differences in a, |b| (absolute slope), and ¢ between the two
groups. Sexual orientation and tone type were fixed effects,
while subjects and word items were random effects.

The results of growth curve analysis shows that the main
effect of sexual orientation is significant on a [F(1, 24.0) = 6.00,
p <0.05], lower for the homosexual group; significant on b [F(1,
24.0) = 3.30, p < 0.05], lower for the homosexual group — hence
a narrower FO range; but not significant on ¢ [F(1, 24.1) = 0.29,
p = 0.59]. The main effects of tone type on a, |b|, and c are all
significant [F(3, 31.1) = 251.59, p < 0.001; F(3, 31.9) = 1003.72,
p < 0.001; F(3, 53.0) = 195.55, p < 0.001, respectively].
Moreover, there are significant interactions between sexual
orientation and tone type on a, |b|, and ¢ [F(3, 7525.9) = 102.06,
p < 0.001; F(3, 7525.2) = 148.96, p < 0.001; F(3, 7526.0) =
10.86, p < 0.001, respectively]. Simple effect analysis using the
R package Ismeans [11] shows that the homosexual group has
significantly lower a (for T1, T2, T4), |b| (for T2, T3, T4) and ¢
(for T3, T4) than the heterosexual group (p < 0.05). These
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results coincide with the patterns shown in Fig. 1. The
difference in a is associated with the average pitch, while the
differences in absolute slope |b| and curvature c are meaningful
only for contour tones T2/T3/T4.

2.2.2. Acoustic vowel space

Table 2 shows the mean values of F1 and F2 for three nominal
vowels. There are significant differences in F1 of /a/ and /i/, and
in F2 of /i/ and /u/. Especially, the homosexual group shows a
much lower F1 of /a/ than the heterosexual group, indicating
that homosexual males open their mouths to a lesser degree than
heterosexual males in producing low vowels.

Table 2: Formants of three nominal vowels (Hz).

Group /al lil lu/
F1 Heterosexual 838.9" 296.6" 390.1
Homosexual 690.1" 279.7" 380.0
2 Heterosexual 1272.3 2279.1" 709.9"
Homosexual 1260.7  2191.9" 667.3"
Heterosexual — — -Homosexual
F2 (logHz)
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Figure 2: Acoustic vowel space.

Figure 2 shows the mean acoustic vowel space constituted
by three nominal vowels, with both formants scaled in the base-
10 logarithmic domain. The homosexual group has a smaller
space than the heterosexual group. Based on the equation below
[12], the triangular vowel space area (tVSA) was calculated:

tVSA = ABS{[(F1[i] * (F2[a] - F2[u])

+ F1[a] * (F2[u] - F2[i])
+ F1[u] * (F2[i] - F2[a])]/2}. 1)
The mean tVSA was 0.099 (logHz)? for the homosexual group
and 0.085 (logHz)? for the heterosexual group. Mann-Whitney

U test showed that tVSA was significantly smaller in the
homosexual group than in the heterosexual group (p < 0.05).

2.2.3. Durations of vowels

We used the R package Ime4 [10] to conduct a linear mixed-
effects model on the durations of three nominal vowels, taking
sexual orientation, consonant (/p/, /p", /m/), and tone type as
fixed effects, and subject as random effect.

No main effect of sexual orientation was found for any
vowel, but there were interaction effects. For /a/, significant
interaction was found between sexual orientation and tone type
[F(3, 24.1) = 4.48, p < 0.05], and simple effect analysis showed
that the difference between T2 and T3 was significant in the
heterosexual group (T3 was longer, p < 0.05), but was not
significant in the homosexual group. For /i/ and /u/, interactions
between sexual orientation and consonant were significant [F(2,
28.1) =3.45,p<0.05; F(2,27.7) = 4.04, p < 0.05, respectively].



Especially, the duration of /u/ was significantly longer after /p/
than after /p"/ in the homosexual group, but no significant
difference was found in the heterosexual group.

2.2.4. Durations of consonants

Linville [1] found that in English speech, /s/ in homosexual
males was much longer than in heterosexual males, so the
duration of /s/ could be an important cue of sexual orientation.
We aim to investigate whether similar results exist in Mandarin
speech and also apply to other consonants with aspiration/
frication. Therefore, the durations of /s/, /s/, Its/, Its"/, Iteh/, Iph/
were measured (for affricates/stops, the closure portions could
not be detected in isolated syllables and thus were excluded).
Figure 3 plots the mean durations of six consonants. Mann-
Whitney U test shows that all six consonants are significantly
longer in the homosexual group (p < 0.05).
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Figure 3: Mean durations of six consonants.

2.2.5. Center of gravity and skewness for /s/

We analyzed center of gravity and skewness at the midpoint of
/sl in six tokens (i.e., /sa/ in T1, T3, T4, and /su/ in T1, T2, T4).
Mann-Whitney U test showed that there was no significant
difference, suggesting that these two are not distinctive features.
This contradicts with the finding on American English speakers,
among whom homosexual males produced /s/ with more
negative skewness than heterosexual males [1, 2, 14].

2.3. Discussion

The acoustic results have shown that the homosexual group has
lower mean FO, narrower FO range, and less steep FO slope than
the heterosexual group. This contradicts with the previous
report that no significant FO difference was found between
homosexual and heterosexual male speakers of American
English [2, 5]. We will propose social psychological
explanation for this phenomenon.

There is a stereotype that homosexual males tend to have a
feminine voice which is associated with higher pitch and wider
pitch range [13]. Unlike in USA, homosexual males are far
from accepted in China. So, they may try to hide their sexual
orientations in speech communication purposely by speaking in
a way opposite to the expected pattern, hence resulting in lower
pitch. In fact, a similar result (i.e., no significant difference in
pitch between homosexual and heterosexual male speakers)
was found among Cantonese speakers in Hong Kong, a city also
with low acceptance of homosexual males [16].

Also, the Mandarin homosexual group shows smaller tVSA
than the heterosexual group; especially, F1 of /a/ is lower in the
homosexual group. In contrast, American homosexual males
have lager vowel space and higher F1 of low vowels /ee/ and /e/
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than heterosexual males, as shown in Fig. 4 which is cited from
[2]. Since females generally have higher F1 (larger mouth
opening) of low vowels than males, it can be assumed that the
formant pattern of American homosexual male speakers is a
result of a selective adoption of the speech characteristics of
heterosexual females [2]. So, the opposition between Mandarin
and American English speakers may again be explained by the
very low acceptance of homosexual males in China — they may
try to hide their sexual orientations purposely by speaking in a
way opposite to the expected feminine pattern, resulting in
lower F1 of low vowels than heterosexual males.

Moreover, our finding that the aspiration/frication portions
of consonants are longer in the homosexual group coincides
with the previous reports for American English and Cantonese
[3, 16]. Therefore, the lengthened fricatives might be universal
speech style of homosexual males. Besides, it is reported that
homosexual males tend to articulate more carefully when
producing fricatives, hence resulting in longer durations of
fricatives [16]. No gender difference in fricative duration has
been reported in the literature, and homosexual males are
generally not aware of this ‘hidden’ cue for sexual orientation.
Thus, the characteristics of longer fricatives (than heterosexual
males) are preserved in Mandarin homosexual males.

For center of gravity and skewness for /s/, no significant
difference was found between Mandarin homosexual and
heterosexual males. In contrast, previous studies on American
English reported that homosexual males showed more negative
skewness of /s/ than heterosexual males, giving a clear-speech
style [2]. It is to be noted that females tend to produce /s/ with
more negative skewness (i.e., more acoustic energy in the
frequencies above the mean) than males [17]. Therefore,
American English homosexual males produce /s/ in a feminine
pattern, whereas Mandarin homosexual males seem to avoid the
feminine pattern intentionally.

By applying linear mixed-effects model to vowel durations,
interaction effects were also observed. For duration of /a/, there
was a significant interaction between sexual orientation and
tone type. For duration of /u/, there was a significant interaction
between sexual orientation and consonant. Whether these
interaction effects are meaningful or not, needs to be further
tested on larger speech corpora.

In summary, a set of acoustic features in Mandarin speech
produced by homosexual males show the pattern opposite to the
expected feminine voice. However, longer aspiration/frication
of consonants is observed, which is consistent with the finding
for American English.
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Figure 4: Acoustic vowel space of American homosexual
males (black) and heterosexual males (grey) [2].



3. Perceptual experiment

3.1. Method

Thirty participants (15M, 15F) were recruited in the perceptual
experiment. They were all graduate students at university, with
an average age of 23.3 years (SD=2.1). None of them had a
reported history of hearing or cognitive disorders.

It was reported that American natives could identify sexual
orientation of the speaker based on English isolated words [13].
Therefore, 18 monosyllabic words composed of 7 consonants
(Ipl, Ip", Imi, Is], Is/, Its!, 1]), 3 vowels, and 4 tones (excluding
pseudo words) were selected for a perceptual experiment.
Consonants /p"/, Is/, Is/, Its"/ were selected because they gave
most significant differences in duration between the two groups,
as shown in Fig. 3. The unaspirated /p/ was included to compare
with its aspirated counterpart /p"/. Also, the nasal /m/ and the
lateral /1/ were selected to include all manners of articulation.

The perceptual experiment was conducted in a sound-proof
booth. All 18*24 = 432 word stimuli were presented in a
random order using E-Prime Professional 2.0. The stimuli were
divided into four blocks (132 in one block, and 100 in each of
other blocks). Each participant wore a headphone AKG K77.
After a stimulus was played back, the participant scored the
gayness of the speaker within a few seconds on a 5-point scale:
1 (definitely heterosexual), 2 (probably heterosexual), 3 (hard
to judge), 4 (probably heterosexual), and 5 (definitely
homosexual).

3.2. Results

The average perceptual score of gayness was 3.1 (SD=1.4) for
the homosexual group, and 2.5 (SD=1.3) for the heterosexual
group. A chi-square test showed that there was no significant
difference between the two groups (p < 0.001).

Table 4 shows the correlations between the perceptual score
and all eight acoustic parameters giving significant differences
between the two groups in the acoustic experiment (i.e., mean
FO, FO max, FO range, F1 of vowels, F2 of vowels, and
durations of aspirated stops, fricatives, and aspirated affricates).

Table 4: Correlations between the perceptual score and
acoustic parameters (the asterisks indicate p < 0.001).

mean FO FO max FO range F1 vowel
-0.06" -0.13" -0.14" -0.26"
Dur stop Dur fricative Dur affricate F2 vowel
0.01 0.11" 0.06" -0.09"

3.3. Discussion

The experimental result that the perceptual scores of gayness
were significantly different between the speech of homosexual
and heterosexual males suggested that sexual orientation of
Mandarin male speakers could be identified to some extent
from the speech of monosyllabic words.

Among all acoustic features, F1 of vowels shows the most
significant negative correlation with the perceptual score,
suggesting that lower F1 of vowels is associated with higher
score of gayness. This coincides with the acoustic result that the
homosexual group had lower F1 than the heterosexual group.

Next, FO max and FO range show significant negative
correlations with the perceptual score, suggesting that lower FO
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max and narrower FO range are associated with higher score of
gayness. This coincides with the acoustic result that the
homosexual group has lower FO max and narrower FO range.

Moreover, duration of fricatives shows a significant
positive correlation with the perceptual score. This is consistent
with Linville’s finding that identification rate of homosexual
male speakers is significantly correlated with duration of /s/ [1].

From the perceptual points of view, there can be more than
one acoustic cues for sexual orientation of male speakers [14].
So, even the homosexual male speakers try to hide their sexual
orientations purposely by reversing the features generally
associated with the stereotype of homosexual males (e.g.
higher-pitch, larger mouth-opening), their speech may still be
perceived as gay-sounding due to the existence of other acoustic
cues that are less known. Because for homosexual male
Mandarin speakers both FO and F1 of vowels contradict with
the generally expected feminine patterns as we discussed earlier,
duration of fricatives is quite possibly the most salient cue for
sexual orientation of male Mandarin speakers.

4. Conclusions

Both acoustic and perceptual experiments were conducted to
investigate the differences between Mandarin speech produced
by homosexual and heterosexual males. The results of acoustic
experiment on monosyllabic words showed that the
homosexual group had lower FO, smaller tVSA, and longer
aspiration/frication of consonants. Especially, FO and formants
of vowels, and skewness of /s/ in homosexual males showed
opposite patterns between Mandarin and American English,
while longer fricative duration was commonly observed. This
may be explained by social psychological differences between
the two societies. American English homosexual males show a
feminine pattern, whereas Mandarin homosexual males try to
hide the feminine pattern intentionally because of the low
acceptance of homosexual males in China. The results of the
perceptual experiment suggested that the perceptual score of
gayness from monosyllabic words differed significantly
between the two groups. Among the acoustic features under
study, longer fricative duration is commonly observed across
Mandarin and American English, and may be the most
important cue for sexual orientation, though it will be further
tested in our future work.
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