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ABSTRACT

This study investigates acoustic and perceptual cor-
relates of gender in prepubertal voices. 60 German-
speaking pupils (29 girls, 33 boys, aged 6-8 years)
were recorded in first and again in second grade. A
listening experiment was conducted to find out how
female or male the voices are perceived to be. Stim-
uli of the five most female- and male-sounding chil-
dren were played in a second experiment to two
groups of listeners who judged each stimulus against
six perceptual attribute pairs. Linear-mixed-models
and Spearman’s p correlations were run to evaluate
the relationship between perception and acoustics.

There are significant acoustic differences be-
tween both genders and the most female- and male-
sounding children. Significant correlations between
perception ratings and acoustic parameters are re-
ported. Furthermore, linear-mixed-models verify
significant relationships between perception and
acoustics within and across gender, indicating that
certain phonetic parameters of the voice and speech
are used by children to construct gender.

Keywords: Prepubertal voice, gender perception,
acoustics, correlates of gender

1. INTRODUCTION

Many phonetic correlates of gender in the adult
voice are due to anatomical differences in the larynx
and the vocal tract. In prepubertal voices, these dif-
ferences are marginal [1, 2]. Nevertheless, many
studies have found acoustic differences between
prepubertal boys and girls as young as two and a
half years of age [3]. However, these differences are
rarely systematic. Indeed, in some cases the results
contradict each other:

o f0: girls > boys [4, 5], girls < boys [6], girls =
boys [7]

F1: girls > boys [8, 9, 10, 11]

HNR: girls > boys [12, 13, 14, 15]

Tempo: girls > boys [7, 15], girls < boys [7, 16]
/s/: girls > boys in center of gravity (CoG) and
girls < boys in skewness [17, 18, 19]

Despite such inconsistencies, other studies have
shown that listeners are able to determine gender in
children’s voices at above-chance levels [14, 15, 20,
21, 22]. In most cases, the listeners’ judgements
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coincide with biological sex. More interesting, how-
ever, are gender-identification rates of individual
children. For some children identification rates are at
chance level, whereas others receive a very clear
gender assignment [14, 15]. The latter seem to ex-
hibit a set of robust acoustic cues encoding gender
that listeners overwhelmingly agree upon. When
listeners rate stimuli of such children against a num-
ber of perceptual attribute pairs, e.g. fast-slow,
high-low, strong correlations between perception
ratings and acoustic measurements can be found
[14].

The present study concentrates on identifying the
acoustic and perceptual characteristics of children’s
voices which lead to a relatively unambiguous gen-
der attribution by adult listeners. How do these voic-
es differ from those with acoustic patterns that lead
to more ambivalent, variable gender responses?
Which acoustic parameters can be used to predict
the perception of children's voices? Can we find
relationships between perceptual attribute ratings
and the corresponding acoustic parameters?

The study is part of a longitudinal project analys-
ing recordings of ca. 60 German primary school
children from the first to fourth grade (6-10 years).
In this article, we focus on the results of the first and
second graders.

2. METHOD
2.1 Listeners

Acoustic voice recordings were made of 62 German-
speaking first-graders (29 girls, 33 boys) aged 6-7
years old (x = 6.16). The recordings took place in
September 2020 at two primary schools in neigh-
bouring East German villages near Gotha. The same
children were recorded again in October 2021. In
this case, 60 children participated (28 girls, 32 boys),
aged 7-8 years old (x = 7.18). Two of the children
could no longer participate due to relocation. In this
study, we only analysed the data of the 60 children
common to both recordings.

2.2 Recordings

All recordings were made using a USB microphone
with integrated audio interface (Rede NT-USB)
located in a portable sound wall (Marantz Pro Sound
Shield) using audacity [23]. The microphone was
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positioned 20-30 cm from the speaker's mouth. The
children were recorded individually in a quiet room
at the school. Both spontaneous and read (copied)
speech was elicited. Children were asked to repeat
versions of ten simple prose sentences pre-recorded
by an adult female speaker (first author). We recog-
nise that children copying pre-recorded utterances
may accommodate to aspects of the adult speaker's
voice. However, given the level of (il)literacy in first
graders, this was the only way to elicit tightly con-
trolled sentence-length utterances. In this study, we
focus on the recordings of the first two sentences:

1. Im Sommer bliihen die Blumen.
(Flowers blossom in summer.)

2. Kannst du die Rose riechen?
(Can you smell the rose?)

2.3 Acoustic analysis

The stimuli of the children were segmented and an-
notated using Web-MAUS [24]. The praat [25] text
grids were manually checked and corrected. All
acoustic analyses were also performed in praat using
different scripts.

Mean fundamental frequency was measured in
both sentences and semitone range was calculated
with the formula

12 fmax

(1) St = mln (fmin)'

Mean formant values were estimated in the vow-
els /o/, ly:/ and /u:/ of sentence 1 and /a/, /o:/ and /i:/
of sentence 2 (time step 0.01; window length 0.025
s; maximum formant 5500 Hz). A two-dimensional
acoustic vowel space (AVS) was created using the
F1 and F2 of these vowels. The area of this polygon
was calculated and for legibility and ease of compar-
ison will be stated in kHz2. The same vowels were
used for determining voice quality (HNR). Tempo
was calculated in canonical syllables per second
(without pauses). center of gravity (CoG) and skew-
ness were calculated from the sibilant spectra of /z/
in “Sommer” (sentence 1) and “Rose” (sentence 2)
and /s/ in “kannst (sentence 2).

2.4 Listening experiment 1 — gender identification

The aim of the first listening experiment was to find
out how female or male the voices of the children
are perceived to be, i.e. which children produce ro-
bust phonetic correlates of gender. For this, listeners
heard the recordings of sentences 1 and 2. The stim-
uli were normalised to 70 dB.

The listening experiment was conducted online
using Percy [26] — one experiment for the voices of
the first graders and another one for the second-
graders. Stimuli were presented in random order.
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Each stimulus could be listened to twice. Listeners
decided on a seven-point scale how boy-like or girl-
like a stimulus was. The duration of the experiment
for each subject was shortened by dividing the stim-
uli into three approximately equally sized groups.

167 listeners participated in the experiment with
first-graders (119 female, 46 male, 2 diverse; age:
16-71 years, x = 33.2, ¢ = 13.7). 117 different sub-
jects listened to the voices of the second-graders (94
female, 21 male, 2 diverse; age: 16-70 years, X =
33.2, 0 = 13.4). None of the listeners reported any
hearing problems and the mother tongue of all was
German.

2.5 Listening experiment 2 — perceptual attribute rat-
ing

The second listening experiment explored possible
relationships between perceptual attribute ratings
and the corresponding acoustic parameters. Stimuli
of the five girls and five boys with the highest and
lowest perception ratings (see 3.1) were used. Lis-
teners judged perceptual attribute pairs for sentences
1 (recording from first grade) and 2 (recording from
second grade) of each child on a seven-point-scale:
fast-slow, high—low, clear—mumbled, hoarse—clear,
loud—quiet, monotonous—melodious. The stimuli
were normalised to 70 dB using praat [25] and the
experiment was conducted using SoSci survey [27].

To avoid a possible influence of gender stereo-
types on the perception ratings, the listeners were
split into two approximately equally sized groups.
As in [14], both groups heard the same stimuli, but
the first group was told they were listening to boys,
the second that they were listening to girls. 102 lis-
teners took part in this listening experiment (80 fe-
male, 21 male, 1 diverse; 16-77; x = 34.8, 6 = 12.8).
None of the participants reported any hearing prob-
lems and the mother tongue of all was German.

3. RESULTS
3.1 Gender identification

In listening experiment 1, the gender identification
score of the individual children is between 1.55 and
6.56 on the seven-point scale (mean of both sentenc-
es and grade levels). As expected, boys and girls
differ significantly in a Wilcoxon rank-sum test
(girls: x = 5.09, 0 = 1.01; boys: x = 3.04, 0 = 1.18;
W = 85, p < .01*). When we take a score less than 2
or greater than 6 as a sign of systematic gender as-
signment, 15 children are producing phonetic pat-
terns that receive unambiguous gender attribution by
the listeners. The remaining 45 children are produc-
ing acoustic patterns that lead to more ambivalent
gender responses. Therefore it is not surprising that
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1. Speech Perception all (N = 60) selected (N = 10) ID: 75
girls boys females males
X o X o p W D X o X o p w d
FO (Hz) | 250 21 249 24 10 6845 .08 |256 22 232 16 01* 78 1.0
Semitones [6.82 258 |6.66 191 |99 7170 .01 |7.10 181 (642 167 |10 162 .33
AVS (kHz?) | 144 110 |130 094 |10 6853 .08 |1.64 0.99 |167 1.19 |.99 201 .01
HNR (dB) |19.10 3.01 |20.10 3.02 |.04* 8620 .35 |18.74 2.75 |18.45 3.77 |1.0 196 .03
Tempo (syll/s) |3.92 058 [4.15 057 |.01* 8914 .42 |4.04 048 (408 0.65 |10 196 .03
CoG (Hz) | 4198 1987 |3599 2013 |.10 5909 .30 |4209 2381 [3699 2036 |1.0 172 .23
Skewness | 0.59 1.49 114 214 |.08 8408 .30 |0.64 135 |133 2.06 |10 245 .38

Table 1: Arithmetic means and standard deviations of acoustic parameters (girls and boys / selected female- and
male-sounding children). Wilcoxon rank-sum tests (p-values Bonferroni-Holm-corrected) and Cohen’s d on the right.

the intraclass correlation coefficient (ICC) including
the ratings of all children shows a poor inter-rater
reliability (ICC (1, 1) = .50, p < .01%), while the
inter-rater reliability of the other 15 children is quite
good (ICC (1, 1) = .82, p <.01%).

For listening experiment 2 and the acoustic anal-
ysis, we choose the five most female- and male-
sounding children (mean of both grades). In this
case, perception coincides with biological gender.

3.2 Acoustic analysis

Table 1 shows the acoustic differences between girls
and boys (mean of both sentences and both grade
levels). When all 60 children are included, signifi-
cant differences in the Wilcoxon rank-sum tests can
be found in HNR and speech tempo with higher
speech rates and HNR values for boys. Cohen’s d
was also calculated to evaluate the effect sizes. Here
we can assume medium effects of gender for HNR,
speech tempo, CoG and skewness. In line with earli-
er studies [17, 18, 19], girls have higher frequencies
of CoG and lower values for skewness than boys.
However, the standard deviations of both parameters
are quite high, which suggests a high interindividual
variability. By contrast to other studies [12, 13, 14,
15], HNR values for the boys are higher than for the
girls indicating a higher modality in the boys' voices.
The girls have a slightly larger AVS than the boys;
the fundamental frequency of both genders is almost
the same.

Interestingly, if we only compare the most fe-
male- and male sounding children (selected from
listening experiment 1, see 3.1), only the fundamen-
tal frequency differs significantly between both
groups with a large effect — the female children
speak with higher fundamental frequency than the
male children. The semitone range of the females is
also higher than it is for the males (medium effect).
AVS, HNR and speech tempo are almost the same.
As in the whole group, the girls show higher values
for CoG and lower values for skewness than the
male children, with a small effect for CoG and a
medium effect for skewness.
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3.3 Acoustic analysis and perception

To find out which acoustic parameters predict the
perception of the children's voices, linear-mixed-
models were run using the Ime4 package [28] in R
[29] for all children and separately for girls and
boys. Perception was the dependent variable acous-
tic parameters of sentence 1 and 2 were tested as
fixed factors. We entered a random intercept for
each child. P-values were obtained using Likelihood
ratio tests comparing the model with the acoustic
parameters with the model without them. Interac-
tions between each acoustic parameter and grade
level or sentence have been calculated.

When all children are tested, the model is best
when skewness is added as fixed factor (y* (1) =
4.26, p = .02*). There is no interaction with grade
level (y? (2) = 2.69, p = .26) or sentence (x? (2) =
1.51, p = .47). For the boys, we get the best result
when we only add f0 as fixed factor (y? (1) = 5.36, p
= .02*). There is no interaction with grade level (y?
(2) = 4.10, p = .13) or sentence (x* (2) = 2.87,p =
.24). For the girls, the best result can be achieved
when AVS (2 (1) = 4.07, p = .04*), HNR (? (1) =
6.92, p = .01*) and tempo (x2 (1) = 4.35, p = .04%)
are included as fixed factors. Interactions can be
found between grade level and AVS (y* (2) = 7.74, p
= .02*) and grade level and tempo (2 (2) = 6.82, p
= .02*), whereby the influence of AVS on gender
perception is greater in the first grade and tempo in
the second grade. There is no interaction between
grade level and HNR (y? (2) = 5.90, p = .05). For
sentence, interactions can be found with AVS (x? (2)
= 8.82, p = .01*) and tempo, (¥* (2) = 9.58, p =
.01%*). The influence of AVS on gender perception is
greater in sentence 1, whereas tempo has a greater
effect in sentence 2. There is no interaction between
sentence and HNR (2 (2) = 3.93, p = .14).

3.4 Perceptual attribute ratings

The perceptual attributes high—low (pitch), monoto-
nous—melodious (range), fast-slow (tempo), hoarse—
clear (hoarseness), loud—quiet (volume) and clear—
mumbled (precision) were assessed on a seven-
point-scale. The first term has the value 1 (e.g.
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“high”), the second the value 7 (e.g. “low”). If we
compare these perception ratings (mean of both
stimuli) of the most female- and male-sounding
children, significant differences can be found for
pitch, range and precision, which means that the
female children sound higher, more melodic and
seem to have a more precise articulation than the
males (see table 2). In these parameters, large effects
can be found. Furthermore, there is a large effect of
hoarseness with males being perceived as hoarser
than females.

female male
X c X o p t d
Pitch | 2.98 0.58|5.10 0.30|.001* 9.53 43
Range | 4.94 0.29|3.56 0.37|.001* -4.40 2.0
Tempo [ 4.06 0.56[3.99 0.86|.87 -0.17 .08
Hoarsen. | 5.11 0.54|3.49 0.63 .27 -5.03 2.2
Volume | 3.76 0.334.03 0.49].46 1.25 .56
Precis. | 2.85 0.40|4.47 0.64|.001* 4.57 2.0

Table 2: Arithmetic means and standard deviations of
attribute ratings. T-tests (p-values Bonferroni-Holm-
corrected) and Cohen’s d on the right.

It makes no significant difference whether listeners
thought they were listening to boys or girls (p > .40
in all cases).

Spearman’s p correlations between attribute rat-
ings and corresponding acoustic parameters (mean
of both stimuli) were run. Perceived precision was
correlated with acoustical vowel space and tempo.
There are strong significant correlations between
perceived pitch and fO (p = -.84, p < .01*) and be-
tween perceived tempo and measured tempo (p = -
.83, p < .01*): With increasing f0 and tempo, the
children are perceived as higher pitched and faster
speaking (see figure 1). No significant correlations
between semitone range and perceived range (p =
.27, p = .45) or between HNR and perceived hoarse-
ness (p = .53, p = .12) can be found. For precision,
there is neither a significant correlation with AVS (p
-.27, p = .44) nor with tempo (p = .25, p = .48).

4. DISCUSSION

Studies have shown that the gender perception of
boys and girls differs significantly in a listening
experiment. Similar to [14, 15], 15 of the 60 children
seem to produce unequivocal acoustic patterns and
achieve very high or low perception values. When
all 60 children are compared to each other, signifi-
cant differences between girls and boys can be found
in HNR and tempo, with girls having higher levels
of noise and lower tempo. This is contrary to the
results of [14]. It is possible that the girls of the pre-

25

Mean f0 (Hz)
~ ~

sent study were shyer and as a result used quieter,
breathier voice qualities than the boys of the same
age. In [14], the sentences were read by the children.
Therefore it is probable that reading competence
rather than speech tempo was reflected there.

30 35 40 45 5.0

high-low fast-slow

Figure 1: Acoustic parameters plotted as a function of
perceptual attribute ratings. Left: “high—low” and mean
fO; Right: “fast-—slow” and tempo.

When we only compare the five most female-
and male-sounding children, only fO differs signifi-
cantly. This would suggest that fO plays a strong role
in gender perception. Linear-mixed-models confirm
this for boys, whereas skewness is also decisive for
perception across gender. For girls, AVS, HNR and
tempo could be crucial. Interactions between AVS,
tempo and grade level or sentence show that in dif-
ferent stimuli, different parameters could be used for
gender construction and perception in the female
group.

A listening experiment with perceptual attribute
ratings shows significantly higher ratings of pitch,
pitch range and precision for the female-sounding
children. In addition, there are strong correlations
between perception and corresponding acoustic pa-
rameters, especially for pitch and speech tempo. In
other words, listeners are able to recognize acoustic
parameters associated with gender perception.

From these results we can conclude that there is a
range of acoustic parameters that influence gender
perception. Furthermore, it seems that a particular
high or low gender rating does not rely on a single
acoustic parameter. In further listening experiments
using sophisticated voice morphing techniques [30]
we will be able to examine in more detail the role
played by individual acoustic parameters. In addi-
tion, due to the longitudinal nature of the project
from which this study is a part, we will be able to
analyse how the vocal expression of gender in indi-
vidual children develops over the first years in pri-
mary education before reaching puberty.
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