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Can you hear my body size?: Estimating speaker height and body build

from speech”

Dayeon Yoon™*

Konkuk Research Institute for Multilingualism and Multiculturalism, Konkuk University, Seoul, Korea

Abstract

This study aims to assess listeners’ ability to estimate speakers’ body size from speech. Twelve acoustic correlates related to
resonance (F1, F2, F3, F4, and formant dispersion), pitch (f0), and breathiness/roughness (H1*-H2*, HNROS, HNR15,
HNR25, HNR35, and CPP) were measured on /a/s in sentences spoken by 33 male and 37 female French and Korean
speakers. Subsequently, 35 male and 70 female French and Korean listeners evaluated speakers’ body height and build from
speech, each on a 6-point scale. Results indicated that French listeners generally outperformed Korean listeners in
estimating body height from speech, although overall accuracy was low to modest. Acoustic analyses showed that lower
values of f0, formant structure (F1-F4), and harmonic measures (HNROS5, CPP) are associated with larger body size;
however, the direction and strength of these associations varied across speaker sex as well as speaker and listener language.
These patterns suggest that listeners are sensitive to pitch and spectral information linked to apparent vocal fold and vocal
tract size, yet such cues provide only coarse and often inconsistent inferences about actual height and build. These findings
are interpreted as evidence that speech—body associations are shaped by sex-dependent and language-specific perceptual

stereotypes, rather than serving as a reliable vocal indicator of physical dominance.
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1. Introduction

The differences in acoustic characteristics between male and
female voices depend in part on anatomical characteristics.
Fundamental frequency (f0) is one of the most discriminating
acoustic correlates between men and women. The vocal folds,

generally shorter in women than men [about 10 mm in women
compared to 15 mm in men (Filho et al., 2005)], allow faster
vibrations in the female voice (207 Hz) than in the male voice (118
Hz; Boé et al, 1975). Vocal tract resonances are another
discriminating characteristic between men and women related to
morphological Women have higher

differences. resonance
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frequencies due to a shorter vocal tract (on average 14 cm) than that
of men (on average 17 cm; Fant, 1966). Harmonic amplitude
differences such as HI-H2, H1-A3, etc., are often mentioned to
differentiate between male and female voices because the
differences in harmonic amplitude depend on the degree of closure
of the glottis, which is influenced by the thickness of vocal folds
(Sodersten & Lindestad, 1990). Because female vocal folds are
thinner [approximately 7 mm compared to 9 mm in males (Hollien,
1962)] and therefore more prone to incomplete closure that allows
continuous airflow to escape, female voices tend to be perceived as
more breathy than male voices (Hanson & Chuang, 1999; Iseli et al.,
2007; Sodersten & Lindestad, 1990). This characteristic of the vocal
folds is reflected by other acoustic parameters such as
harmonic/noise ratio (HNR) (Ambreen et al., 2019) and cepstral
peak prominence (CPP) (Choi & Choi, 2016; Hillenbrand et al.,
1994) in terms of spectral noise and periodicity.

According to earlier studies, a correlation is often found between
acoustic characteristics of voice and body size in mammals. Fitch
(1997) reports that the height, weight, vocal tract length (VTL), and
skull length are all correlated with formant dispersion in both male
and female macaque monkeys. Rendall et al. (2004) show that
differences in f0 and body size are twofold each between male and
female baboon, and baboons discriminate males and females
through voice alone at a significant level. Moreover, animals
associate this link between acoustic characteristics of voice and
body size to physical dominance (Morton, 1977; Ohala, 1980; Reby
et al., 2005). This is because physical dominance is important within
same-sex competition. In animals, lower pitch and resonances with
harsh voice quality are associated with a larger body proportional to
larger vocal folds and a larger vocal tract, which gives a physically
more aggressive and dominant impression. Conversely, if an animal
wants to avoid fighting and giving an aggressive impression, it
produces a high-pitched clearer vocalization and shortens its VTL to
convey a baby-like impression reminding of smaller vocal folds and
vocal tract (Morton, 1977; Ohala, 1980). These findings in animals
provide a useful framework for investigating whether similar
acoustic cues may convey body size and dominance in humans,
given that the basic principles of vocal production are shared across
mammals.

However, the relationship between body size and acoustic
characteristics of voice is controversial in human compared to other
animal species. Many studies have analyzed correlations between
voice characteristics and body size but no consensus has yet been
reached. Some have found strong negative correlations between
height and f0 (Dusan, 2005; Hatano et al., 2012) and between
weight and f0 (Evans et al., 2006), as well as between height and
formants (Dusan, 2005; Evans et al., 2006; Johnson, 2006). Strong
positive correlations have also been reported between body mass
index (BMI) and jitter, and between BMI and noise-to-harmonic
ratio (NHR) (Da Cunha et al., 2011). In contrast, other studies have
found only weak correlations between the same bodily indices and
acoustic measures (Gonzalez, 2004; Pisanski et al., 2014; van
Dommelen & Moxness, 1995). This discrepancy is observed
similarly at the perceptual level: Rendall et al. (2007) found that
Canadian English listeners could estimate speakers’ height using
formants and fO when hearing isolated words, while van Dommelen
& Moxness (1995) observed that Norwegian listeners were able to
estimate only male speakers’ height and weight, possibly relying on
f0, F2-based estimated vocal tract length, and duration, in

experiments using isolated words and two paragraphs of text. The
findings of van Dommelen & Moxness (1995) also suggest that
humans’ ability to estimate the speaker’s body dimensions from
acoustic cues may depend on both speaker and listener sex.
Similarly, Charlton et al. (2013) found that male listeners showed
better estimation ability than female listeners in experiments using
synthesized vocalizations of animals of different sizes. However,
some studies indicate that female listeners’ performance depends on
the specific body dimension being estimated. According to Collins
(2000) and Brucker et al. (2006), Dutch and French female listeners,
respectively, could estimate male speakers’ weight from isolated
vowels, but not their height.

Another interesting issue here is that whether listeners succeed or
fail in estimating speakers’ body size from voice, they exhibit a
consistent tendency in using specific acoustic information during
estimation. For example, a lower f0 and lower formants give
information that the speaker’s body size is relatively larger and
heavier. Conversely, a higher f0 and higher formants give
impression that the speaker’s body size is relatively smaller and
thinner (Cartei et al., 2014; Charlton et al., 2013; Rendall et al.,
2007; Uchida, 2022; van Dommelen & Moxness, 1995). In terms of
voice quality, which is understudied compared to f0 and formant
frequencies, breathy voice with increased H1*-H2*, H1*-A1%*, and
H1*-A3* reminds of a smaller body, together with a higher f0 and
wider formant dispersion (Xu et al., 2013).

Finally, previous research highlights cross-cultural variation in
body size perception. For instance, Koreans are known to hold
particularly stringent aesthetic norms regarding body shape (Jung
& Forbes, 2007). Similarly, in many Western societies, thinness
is widely regarded as a key standard of physical attractiveness
(McCabe et al., 2013). In contrast, preferences for thinness
appear to be less pronounced in several African cultures (Szabo
& Allwood, 2006) and among French populations (Maezono et
al., 2018) compared to other Western contexts. Taken together,
these findings suggest that listeners from different cultural
backgrounds may rely on distinct visual or auditory cues when
judging physical attributes from speech.

The present study further examines listeners’ ability to
estimate speakers’ body size from speech and investigates
acoustic characteristics of speech related to perceived body size,

comparing French and Korean participants. For acoustic
characteristics, some dimensions associated to phonation,
resonance, and voice quality are analyzed: f0, formant

frequencies, and formant dispersion are studied because they
show clear differences between men and women due to sexually
dimorphic anatomy (Boé et al, 1975; Fant, 1966); for
sex-dependent voice quality, we observe descriptors linked to
spectral tilt [H1*-H2* (Hanson & Chuang, 1999; Iseli et al.,
2007)] and to spectral noise [HNR (Ambreen et al., 2019) and
CPP (Choi & Choi, 2016; Hillenbrand et al., 1994)]. The main
hypotheses formulated in this study are as follows: 1) Listeners
can perceive speakers’ height and build from speech, with
performance varying depending on the sex and language of the
listener and the speaker; 2) Speakers are perceived as taller and
heavier when their vocal pitch, resonance frequencies, and
breathiness are lower, and roughness is higher—that is, when
f0, formants, HI1*-H2*, CPP, and HNR values are lower.

36 Dayeon Yoon / Phonetics and Speech Sciences Vol.17 No.4 (2025) 35-44



2. Methods

2.1. Recording

Thirty-three males and 37 female speakers, aged 18 to 42,
were recorded. These speakers were recruited in France and in
Korea as part of a wider project on the effect of language and
culture on sex-dependent voice properties. A two-way ANOVA
revealed a significant main effect of sex on height [F{(1,
66)=106.39, p<.001] and weight [F(1, 66)=67.54, p<.001], with
males taller and heavier than females in our data. French males
(M=177.5 cm, SD=5.80) and Korean males (M=175.35 cm,
SD=6.63) were taller than French (M=163.06 cm, SD=6.30) and
Korean females (M=160.85 cm, SD=4.72). Similarly, French
males (M=68.44 kg, SD=7.97) and Korean males (M=74.86 kg,
SD=12.48) were heavier than French (M=55.53 kg, SD=6.98)
(M=53.48 kg, SD=6.96). A two-way
ANOVA on weight revealed a marginal languagexsex interaction
[F(1, 66)=4.01, p=049], with Korean male speakers being
heavier than French male speakers (£=6.42, p=.041). Most
French speakers speak Northern Metropolitan French, and all
Korean speakers speak the Seoul/Gyeonggi dialect. None of the
speakers reported hearing or speech impairments.

The speakers were recorded in quiet rooms with professional
equipment (Shure SMI10A microphone placed at a 45-degree
angle and 7 to 8 centimeters from the speakers’ mouth and
PreSonus Studio 24c¢ sound card).

Speakers read aloud the logatomes mama, mamama, and
mamamama, embedded in carrier sentences of comparable length
and structure in either French or Korean. Korean speakers read
the phrase /onil ohue, mama, mamama, mamamama, seei
konwane kagiro hetta/, while French speakers read the phrase
/set apke midi, mama, mamama, e mamamama, nuz ik> o pakk
do lil set ida/, both of which correspond in meaning to This
afternoon, mama, mamama, and mamamama, we Wwill go to the
park (with Sainte Ida park specified for the French sentence).

and Korean females

2.2. Acoustic Measurements

In the recorded samples, the vowels /a/ of target words were
analyzed. For the measurement of vibration mode, the open
vowel like /a/ is most commonly used in the literature (Storck
& Drinnan, 2008; Kreiman et al., 2021; Wagner & Braun,
2003), as for closed vowels, there is a risk of f0 approaching
F1, thus causing detection errors. For the vowel /a/, whose F1
value is relatively higher compared to other vowels, there is
less risk of f0 and F1 approaching each other. Thus, the
distinction between source and filter is well preserved.

Acoustic analyses focused on resonance, phonation, and voice
quality. Resonance was quantified using formant frequencies
(F1-F4) and formant dispersion, extracted with the Burg LPC
algorithm using a 25 ms Gaussian window, detecting up to five
formants within 0-5 kHz for males and 0-5.5 kHz for females,
and measured at five equidistant points across the selected
interval. Phonation was assessed via f0 within 70-300 Hz for
males and 100-600 Hz for females, using the STRAIGHT
algorithm (Kawahara et al, 1999). Breathiness and roughness
were evaluated using formant-corrected spectral shape measures
(H1*-H2*) calculated with the Snack Sound Toolkit (Hanson,
1997; Iseli et al., 2007; Sjolander, 2004), while spectral noise

was characterized with HNR (de Krom, 1993) across multiple
frequency bands (0500 Hz, 0-1,500 Hz, 0-2,500 Hz, 0-3,500
Hz) and CPP (Hillenbrand et al., 1994). Formant frequencies
were measured with Praat (Boersma & Weenink, 2022), and all
the other acoustic variables were measured with VoiceSauce
(Shue et al, 2011) every five milliseconds over the vowel
target intervals.

Regarding the values of acoustic measurements, considering
that the human auditory system is not linear but rather
logarithmic, the f0 and formants measured in Hertz were
converted into the scales that best correspond to perception,
before the correlation was calculated: f0 into semitones and
formants into Bark (Traunmiiller, 1990). All measures extracted
within each vowel interval were then averaged across frames
prior to statistical analysis.

2.3. Listening Test

Thirty-five males (19 Korean and 16 French; M age=30.6
years, SD=10.7) and seventy females (20 Korean and 50 French;
M age=24.4 years, SD=5.6) participated in the listening test.
The words mama, mamama, and mamamama extracted from the
sentences were used as test stimuli. A fade-in and a fade-out of
3 ms each were inserted at the beginning and end of each
target word. 200 ms of silence was also inserted between the
words. The participants were given 70 recorded samples and 8
additional ones to evaluate intra-rater reliability. These 8
samples were composed of 2 French males, 2 French females, 2
Korean males, and 2 Korean females. They were separately
arranged before and after the break session so as not to be
presented consecutively with the same sample, and then
presented randomly along with the other 70 samples.

The test was programmed using PsyToolkit and distributed
and conducted online (Stoet, 2010, 2017). Before the start of
the experiment, participants practiced with 5 other samples not
included in the analysis. During the experiment, the participants
listened to the voice samples and estimated speakers’ height
within six levels from ‘very short’ to ‘very tall’ and speakers’
body build within six levels from ‘very thin’ to ‘very fat’. The
6-point scale was used to prevent participants from choosing
only the middle value. Each voice sample was presented only
once.

Right after the participants responded to the questions about
height and weight in order, the next sound sample was
automatically played with a new answer screen. At the end of
the test, participants entered their sex, mother tongue, age, and
educational backgrounds in phonetics or speech language and
hearing.

2.4, Data Analysis

To check the intra-rater reliability of individual responses, we
compared participants’ responses for the 8 pairs of stimuli
provided twice in the test. Inspired by the percent agreement
method, which assesses the proportion of ratings that are either
identical or fall within one adjacent level (Altman, 1991; Gisev
et al, 2013), responses were considered consistent if a
participant’s responses showed a difference of 0 or 1 between
the two responses for each pair of stimuli (the perceptual test
using a six-level scale, the maximum possible difference for a
pair being five). Thus, for each pair of stimuli, 1 point was
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awarded for consistent responses between the stimuli in a pair,
and 0 points responses.
Ultimately, the sum of all participants’ scores was calculated,
then the average was established to obtain the intra-rater
reliability. Since 1 point was awarded for consistent responses,
the result would be 1 if all participants had provided consistent
responses for all pairs of stimuli.

were awarded for inconsistent

To assess the inter-rater reliability, a mutual comparison of
each participant’s responses to the 78 stimuli provided in the
test was conducted. Using a percentage agreement approach, as
in the intra-rater reliability test (Altman, 1991; Gisev et al.,
2013), a participant’s response to a particular stimulus was
considered consistent if it differed by 0 or 1 from the responses
of the other 104 participants for the same stimulus. In this
manner, 1 point was awarded for consistent responses between
two participants, and O points were awarded for inconsistent
responses. Then, the average of the scores each participant
obtained was calculated. Since 1 point was awarded for
consistent responses with each of the other participants for each
stimulus, the result would be 1 if a participant had provided
consistent responses with others for all stimuli. Finally, the
mean values of scores from all participants were averaged again
as the criterion for inter-rater reliability. If all participants had
provided consistent responses with each other for all stimuli, the
result would be 1.

For intra-rater reliability, participants in our study
demonstrated a reliability score of 0.81 for questions regarding
the height and build of the speakers, respectively, indicating
their responses. For inter-rater reliability,
participants in our study showed a consistency score of 0.7 in
their responses to questions about speaker height and a
consistency score of 0.71 in their responses to questions about
speaker body build. Therefore, it was considered that response
consistency among participants was ensured.

consistency in

3. Results

3.1. Effects of Sex and Language of Speakers and Listeners

Regardless of the listener’s sex, the body height of female
speakers is widely estimated between scores 2 and 4 on the
height rating scale, with the highest density at score 3 for
female speakers measuring between 158 and 163 cm (which
represents approximately 51% of the female population). The
height of male speakers is primarily estimated between scores 3
and 5 by both male and female listeners, with maximum
density at score 4 for male speakers measuring approximately
between 173 and 180 cm (which represents approximately 64%
of the male population).

For the estimated body build, regardless of the listener’s sex,
the build of female speakers is largely estimated between scores
2 and 4 on the rating scale, with a peak density at score 3 for
female speakers weighing approximately 53-55 kg (representing
about 30% of the female population). The build of male
speakers is primarily estimated between scores 3 and 5 by both
male and female listeners, with a peak density at score 4 for
male speakers weighing between 65 and 80 kg (representing
approximately 64% of the male population).

The influence of speaker sex, speaker and listener language,

and their interactions on perceived height and build scores were
thus examined using a linear mixed model with the Imer
function in the Ime4 package (Bates et al., 2014) for R (R
Core Team, 2021). Random intercepts for speaker and listener
were included in the model. Results showed significant main
effects of speaker sex on both perceived height [F(1,
71)=125.81, p<.001] and perceived body build [F(1, 70.6)=47.99,
p<.001], with male speakers receiving higher ratings (perceived
height: female speakers, M=3.20; male speakers, M=3.96;
perceived body build: female speakers, M=2.93; male speakers,
M=3.48). Speaker language also had a significant effect on
perceived height [F(1, 71)=34.42, p<.001], with French speakers
receiving higher scores (Korean speakers, M=3.38; French
speakers, M=3.78). Moreover, listener language had significant
effects on perceived body build [F(1, 104.9)=4.80, p=031], with
higher scores for French listeners (Korean listeners: AM=3.13;
French listeners: M=3.29). Additionally, there were significant
interactions between speaker sex and listener language [F(1,
7164)=42.92, p<001 for perceived height; F(1, 7164)=8.55,
p=003 for perceived build] and speaker language and listener
language [F(1, 7164)=29.10, p<.001 for perceived height; F(1,
70)=74.13, p<.001 for perceived build].

Post-hoc test revealed that, for perceived height, the
difference between male and female speakers (E=0.6, p<.001 in
KR vs. E=0091, p<001 in FR) and the difference between
Korean and French speakers (E=0.27, p=0003 vs. E=0.53,
p<001 in FR) were more pronounced in French listeners than
in Korean listeners. For perceived build, the difference between
male and female speakers was more pronounced in French
listeners (E=0.49, p<.001 in KR vs. E=0.62, p<001 in FR),
while the difference between Korean and French speakers was
more marked in Korean listeners (E=0.30, <.001 vs. E=0.10,
p=23 in FR). As listener language modulated the effects of
speaker language and sex, subsequent analyses were conducted
separately for each listener language.

To assess listeners’ ability to estimate speaker height and
body build from speech, Pearson correlation coefficients were
calculated between actual and estimated height, separately for
male and female speakers of each language in each language of
listeners. Similarly, correlations between actual and estimated
weight were computed for male and female speakers of each
language in each listener group. To examine whether acoustic
measurements were associated with listener judgments, the
effects of acoustic cues, speaker sex, speaker language, and
their interactions on perceived height and build scores were
investigated separately for each listener language using linear
mixed models, with random intercepts for both speaker and
listener.
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3.2. Listeners’ Ability to Estimate Speakers’ Body Size
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Figure 1. Violin plot of the distribution of estimated height (1: small, 6: tall)

for each actual height rated by French listeners. The gray trend line connects

the average perceived height scores for each speaker (KR, Korean speakers;
FR, French speakers).

Results revealed that French listeners showed a moderate
positive correlation between actual and estimated height of
speakers (=0.37, p<.001 for FR speakers; r=0.38, p<.001 for
KR speakers), as shown in Figure 1. The gray trend line
indicates that the average perceived height score increases with
actual height, suggesting a moderate association indicating that
French listeners are able to detect speaker height to some extent
from speech. However, exhibited a weak
correlation between actual and estimated height in terms of
speaker sex (=0.12, p<.001 for female speakers; »=0.20, p<.001
for male speakers). Korean showed only weak
correlations between actual and estimated height of speakers
both in terms of speaker sex (=0.12, p<001 for female
speakers; 1=0.20, p<.001 for male speakers) and speaker
language (r=0.28, p<.001 for FR speakers; 7=0.32, p<.001 for
KR speakers).

French listeners

listeners

For body build, the results show a weak relationship between
actual weight and perceived build. French listeners showed only
weak correlations between actual weight and estimated body
build of speakers both in terms of speaker sex (+=0.11, p<.001
for female speakers; r=0.08, p<.001 for male speakers) and
speaker language (r=0.26, p<.001 for FR speakers; r=0.26,
p<001 for KR speakers). Similarly, Korean listeners showed
only weak correlations between actual weight and estimated
body build of speakers both in terms of speaker sex (+=0.13,
p<001 for female speakers; r=0.07, p<.001 for male speakers)
and speaker language (=0.23, p<001 for FR speakers; r=0.25,
p<.001 for KR speakers).
and

3.3. Relationships Between Acoustic Parameters

Judgments

To provide an overview of the main patterns observed in the
data, Table 1 summarizes the effects of key acoustic cues on
perceived height and body build across listener language
(Korean vs. French). The table highlights the direction of each
effect, indicating whether higher or lower values of a given cue
tended to increase perceptions of height or build, as well as
any notable listener- or speaker-specific variations.

3.3.1. Perceived height and related acoustic cues

As expected, speakers with smaller F1 values were generally
perceived as taller. For Korean listeners, significant main effects
were found for speaker sex [F(1, 69.68)=18.59, p<.001] and F1
[F(1, 69.68)=27.86, p<.001]. Importantly, F1 interacted significantly
with speaker sex [F(1, 69.68)=15.32, p<.001] and with both sex
and language in a three-way interaction [F(1, 69.68)=4.91, p=030].
Smaller F1 values were associated with taller perceptions for

Table 1. Main effects of acoustic cues on Korean and French listeners’ perception of body dimensions, with a summary of key results

Acoustic cue dinflg::)r(lis};on lIiZ?;EZ?s lirtzrrll(;}rls Interpretation
H (6] (6] Higher F1 — shorter (steeper slope for KR males; FR females deviate positively)
Fl B (6] (6] Higher F1 — thinner (steeper slope for males)
H (6] X Higher F2 — shorter (steeper slope for males)
k2 B X (6] Higher F2 — thinner (for FR listeners)
H X X No effect
k3 B (6] X Higher F3 — thinner (for KR listeners)
H (6] X Higher F4 — shorter (for KR listeners; steeper slope for KR)
k4 B (6] (6] Higher F4 — thinner (negative slope for KR; FR males deviate with positive slope in FR listeners)
Formant H X X No effect
dispersion B X X No effect
H (6] (6] Lower f0 — taller across groups
0 Lower f0 — heavier (For FR males, the slope is positive in KR listeners, and negative but
B 0 0 shallower in FR listeners)
H X X No effect
HI1*-H2*
B X X No effect
H X X Higher HNROS5 — shorter (KR females show positive slope)
HNRO3 B X (6] Higher HNROS5 — thinner (for FR listeners; KR females deviate positively)
H X X Higher CPP — shorter in males, taller in females (for KR listeners)
PP B X (6] Higher CPP — thinner (for FR listeners; KR females deviate positively)

H, height; B, body build; O, significant; X, not significant; FR: French; KR, Korean
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Korean male (f=-0.437) and female (f=-0.256) speakers and
French male speakers (f=-0.544), while smaller F1 corresponded
to slightly shorter perceived height for French female speakers
($=0.110). These results indicate that the role of F1 in height
perception varies by speaker sex and depends on speaker
language. For French listeners, F1 also exerted a strong effect
on height perception, with significant main effects of speaker
sex [F(1, 69.58)=10.91, p=0015] and F1 [F(1, 69.58)=26.28,
p<001]. The speaker sexxF1 interaction was significant [F(1,
69.58)=5.78, p=0188], indicating a stronger negative relationship
in male speakers (f=0.394) compared to female speakers (f=—
0.142). No other F1 interactions were significant.

Smaller F2 associated with taller
perceptions, with the magnitude varying by speaker sex. For
Korean listeners, F2 had a significant main effect [F(1,
69.73)=9.30, p=003] and interacted with speaker sex [F(1,
69.73)=5.11, p=027], showing a stronger negative relationship
for male speakers (f=0.465) than female speakers (f=0.069).
No language-related effects were observed. Similarly, French
listeners showed a significant main effect of speaker sex [F(1,
69.62)=7.49, p=0079] and a speaker sexxF2 interaction [F{(I,
69.62)=5.36, p=.0236], with a negative relationship for male
speakers (f=0.355) and a slight positive relationship for female
speakers (£=0.033).

F3 did not predict height judgments for either listener group.
F4 significantly affected height ratings for Korean listeners [F(1,
69.81)=8.63, p=004], and interacted with language [F{(l,
69.81)=5.40, p=.023], with a stronger negative effect for Korean
speakers (f=-0.765) than French speakers ($=0.089). No
reliable effects of F3 or F4 were observed for French listeners.
Formant dispersion did not significantly influence height
perception in either group.

Regarding f0, significant main effects were found for both
Korean [F(1, 69.60)=5.29, p=024] and French listeners [F(1,
69.58)=20.74, p<.001], with higher f0 generally associated with
lower perceived height, regardless of speaker sex or language.

HI1*-H2* did not significantly predict height ratings. However,
strong main effects of speaker sex [F(1, 69.64)=22.65, p<.001
for KR; F(1, 69.65=65.46, p<.001 for FR] and speaker
language [F(1, 69.64)=6.87, p=011 for KR; F(1, 69.65)=27.97,
p<001 for FR] were observed, with male speakers perceived as
taller than female speakers (£=3.92 vs. 3.38 for KR; E=3.96 vs.
3.13 for FR).

Across HNR measures (HNROS5, HNR15, HNR25, HNR35),
none showed significant main effects. HNROS5 showed a trend in
which voices with greater harmonic structure were judged as
smaller, with effects depending on speaker sex or language. For
Korean listeners, a significant interaction between HNROS and
speaker sex emerged [F(1, 69.73)=6.68, p=012], with higher
HNROS associated with smaller perceived height for French
male (f=0.014) and female (f=0.001) speakers and Korean
male speakers (#=-0.043) ,while lower HNROS5 corresponded to
smaller height for Korean female speakers ($=0.022). For
French listeners, too, a significant three-way interaction [F(1,
69.62)=5.54, p=021], indicated similar patterns, with S=-0.006
for French male speakers, f/=0.025 for French female speakers,
p=0.032 for Korean male speakers and £=0.015 for Korean
female speakers. Higher HNR bands (HNR15, HNR 25, and
HNR35) showed no significant effects in either listener group.

values were also

CPP did not significantly predict height estimation for Korean
listeners, although speaker sex strongly affected ratings [F(1,
69.56)=13.27, p<.001], with a significant interaction between sex
and CPP [F(1, 69.57)=8.43, p=.005]. Negative relationships were
observed for male speakers (#=—0.053) and positive relationships
for female speakers ($=0.046). For French listeners, only
speaker sex significantly affected perceived height [F(1,
69.66)=8.05, p=006], with male speakers perceived as taller
(E=4.00) than female speakers (£=3.06).

3.3.2. Perceived body build and related acoustic cues

For Korean listeners, F1 had a main effect on perceived body
build [F(1, 69.60)=48.63, p<.001], with speakers exhibiting
higher F1 consistently judged as lighter. A smaller but
significant main effect of speaker sex was also observed [F(1,
69.61)=4.34, p=041], with male speakers rated as heavier
overall, independent of acoustic manipulation. Importantly, F1
interacted with speaker sex [F(1, 69.60)=4.26, p=.043], showing
a negative relationship in male speakers (/=0.598) than in
female speakers (f=0.325). For French listeners, only the main
effect of F1 was significant [F(1, 69.58)=30.29, p<.001].

For Korean listeners, F2 did not significantly affect weight
ratings, nor did any interaction involving F2 reached
significance. In contrast, French listeners showed a main effect
of F2 [F(1, 69.63)=7.44, p=008], with higher F2 associated
with thinner perceived body, but no significant interactions were
observed.

Higher formants also influenced perceived body build. In
Korean listeners, F3 [F(1, 69.65)=11.98, p=001] and F4 [F(1,
69.78)=1.75, p=007] both significantly predicted body build
perception of Korean listeners, with increases in these formants
generally associated with lighter ratings. No significant
interactions involving F3 and F4 were found. For French
listeners, F3 had no significant effects, whereas F4 showed a
main effect [F(1, 69.64)=8.97, p=004], and a significant speaker
languagexspeaker sex interaction [F(1, 69.64)=5.56, p=021] as
well as a three-way interaction with F4 [F(1, 69.64)=5.56,
p=021]. Lower F4 was perceived as heavier for Korean male
(f=1.157) and female (f=-0.522) speakers and French female
speakers ($=—0.609), but as thinner for French male speakers (£
=0.210). Formant dispersion did not significantly affect
perceived build in either group.

f0 showed a significant main effect on perceived build for
Korean listeners [F(1, 69.57)=29.17, p<.001], with lower f0
associated with heavier ratings, consistent with established
pitch-body size associations. Speaker sex [F(1, 69.57)=6.84,
p=011] and the interaction between speaker sex and f0 [F(1,
69.57)=6.29, p=.014] were also significant, indicating differential
weighting between male and female voices. A significant
three-way interaction [F(1, 69.57)=15.49, p<001] further
indicated lower f0 perceived as heavier for Korean male (=
0.144) and female (f=0.90) speakers and French female
speakers (f=0.213), while lower f0 was associated with thinner
perception in French male speakers ($=0.034). For French
listeners, f0 had a robust main effect [F(1, 69.55)=36.00,
p<001], along with a significant speaker languagexspeaker sex
interaction [F(1, 69.55)=8.44, p=005] and a significant
three-way interaction [F(1, 69.55)=8.46, p=005]. The difference
in pitch effect between Korean males and females (A=0.053,
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with female f=-0.075 and male f=0.128) was smaller than
that for French speakers (A=0.134, with female f=-0.158 and
male f=-0.024), suggesting that both Korean and French
listeners interpret pitch differently depending on the sex of the
speaker, reflecting speaker sex-specific expectations in their
judgments of body build from speech.

HI*-H2* significantly affected body build ratings, with main
effects of speaker language [F(1, 69.69)=4.84, p=031 for KR;
F(1, 69.65-4.42, p=039 for FR] and speaker sex [F(1,
69.69)=11.18, p=001 for KR; F(1, 69.65)=42.78, p<.001 for
FR] in both listener groups.

HNROS revealed a significant three-way interaction among
speaker language, speaker sex, and HNR for Korean listeners
[F(1, 69.74)=5.80, p=019], with lower HNROS perceived as
heavier for Korean male (#=-0.033) and French female (=
0.023) speaker, and higher HNROS5 perceived as heavier for
French male (4=0.015) and Korean female (5=0.023) speakers.
For French listeners, HNRO5 showed a main effect [F(1,
69.62)=6.29, p=014], along with a significant speaker
languagexspeaker sex interaction [F(1, 69.62)=7.28, p=009] and
a significant three-way interaction [F(1, 69.62)=6.15, p=.016].
Lower HNROS was perceived as heavier for Korean male (f=
0.045) and French male (#=-0.013) and female (6=0.031)
speakers, but as lighter for Korean female speakers (5=0.013).

CPP showed a similar pattern. For Korean listeners, an
interaction between speaker language and speaker sex [F(1,
69.69)=5.22, p=025] and a significant three-way interaction
[F(1, 69.70)=4.45, p=038] indicated a negative relationship
between CPP and perceived build for Korean male (5=0.068)
and French male (#=0.004) and female (f=0.063) speakers,
and a positive relationship for Korean female speakers (f
=0.060). For French listeners, CPP had a strong main effect
[F(1, 69.60)=8.20, p=006], a significant speaker language X
speaker sex interaction [F(1, 69.60)=10.85, p=002], and a
significant three-way interaction [F(1, 69.60)=9.87, p=.002],
showing a negative relationship for Korean male (f=-0.077) and
French male (f=-0.032) and female (f=0.122) speakers, and a
positive relationship for Korean female speakers (5=0.041). As
with height perception, higher HNR bands (HNR15, HNR 25,
HNR35) did not significantly influence body build perception in
either listener group.

4. Discussion and Conclusion

Overall, the results indicate that both speaker-related factors
(sex, language) and listener language systematically shape how
body size is perceived from speech. For perceived height, male
and French speakers tended to be judged as taller, with these
differences especially pronounced for French listeners, suggesting
that French listeners are more sensitive to height-related vocal
cues than Korean listeners. For perceived body build, sex
differences were again stronger for French listeners, whereas
differences between Korean and French speakers’ build are more
salient for Korean listeners, implying that listeners’ linguistic—
cultural background modulates which aspects of speakers’ sex
and language they rely on when inferring body size.

Regarding the ability to estimate body size from speech, our
results suggest that body size is only weakly recoverable from
vocal cues. Although French listeners showed moderate ability

to track speaker height, correlations between actual and
perceived height and body build were generally low across
speaker sex and language. While some studies propose that
evolution may have favored men’s ability to signal their body
size and physical dominance more clearly through the voice
(Puts et al., 2006; Sell et al., 2010; Watkins et al., 2010), our
data indicate that sex-specific accuracy in body-size estimation
from speech is overall weak. Possible explanations include the
probabilistic nature of acoustic cues to body size, as well as
large within-group variability and overlap in acoustic profiles
between taller and shorter or heavier and lighter speakers, which
may reduce the strength of the mapping. For example, when
compared with actual size, only F1 (=43, p=02) and F3
(=36, p=.04) showed significant but only moderate correlations
with the height and weight of male speakers, respectively,
consistent with previous studies (Gonzalez, 2004, 2006; Pisanski
et al., 2014; van Dommelen & Moxness, 1995). In addition,
listener judgments may be influenced by cultural stereotypes or
task strategies rather than fine-grained acoustic detail, limiting
the precision with which body size can be inferred from speech.

The acoustic parameters to which the listeners were most
sensitive in judging speakers’ body size were the formants.
Listeners generally judged that lower formant values were
corresponded to taller and heavier speakers, whereas higher
formant values were associated with smaller and thinner
perceived body size. In the vowel /a/, F1 relates to the length
of the pharyngeal cavity, F2 to the oral cavity, and F3 to the
front part of the tongue constriction (Fant, 1970: 120-121). This
likely explains why listeners perceived speakers as taller when
formant values decreased with a longer vocal tract length,
despite formants being only weakly related to actual body size
(Gonzalez, 2004, 2006; Pisanski et al., 2014; van Dommelen &
Moxness, 1995). This “vocal stereotype” (Gonzilez, 2006)
mirrors patterns in animal behaviors, in which higher formant
frequencies are associated with smaller bodies, and lower
formants with larger bodies. Consequently, listeners may base
judgments on formant values even when these judgments are
incorrect. Our results align with van Dommelen (1993), van
Dommelen & Moxness (1995), and Gonzalez (2003), who
reported that listeners’ judgments are generally consistent but
often misguided by incorrect stereotypes.

However, these strategies were not necessarily applied
equivalently across sexes and languages. Steeper slopes of F1 were
observed for perceived height and build of Korean male speakers
compared to females. Only French listeners relied on F2 for
estimating body build, whereas only Korean listeners used F3. This
suggests that listeners’ reliance on specific formant cues is
sex-dependent and shaped by their linguistic background, leading
French and Korean listeners to adopt partially different
cue-weighting strategies. One plausible explanation lies in
cross-linguistic differences in the articulation of /a/: French /a/ is
fronter compared to Korean /a/, resulting in differently structured
vowel spaces in the two languages. Consequently, French listeners,
who are accustomed to fine contrasts among front vowels, treat F2
as a salient cue to anterior vocal-tract shape, whereas Korean
listeners tend to rely more on global resonance patterns, including
higher formants such as F3. These differences in vowel-space
organization provide a coherent account for the asymmetric
cue-weighting patterns observed.
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For f0, as expected, lower pitch was perceived as heavier across
both listener groups. According to Morton (1977), animals use
sound codes whereby larger phonatory and articulatory apparatus
produce harsher, deeper sounds to signal larger body dimensions,
while smaller apparatus produce tonal, higher sounds, evoking
smaller size. Similarly, Ohala (2010) notes that humans perceive
low f0 as produced by a speaker with larger body dimensions, often
expressing anger, whereas high f0 conveys smaller body size or a
childish impression. Numerous studies also confirm that, along with
formants, f0 is a primary cue for listeners’ impressions of speaker
height and weight (Gonzalez, 2006; Rendall et al., 2007; Smith &
Patterson, 2005; Uchida, 2022; van Dommelen & Moxness, 1995),
and our findings corroborate these earlier observations.

For the variables related to vocal roughness, higher CPP and
HNROS generally corresponded with smaller perceived body size.
Higher HNRO5 was associated with shorter and thinner bodies,
although Korean female speakers showed the opposite trend, being
judged as taller and heavier. Similarly, higher CPP tended to be
linked to shorter men but taller women for Korean listeners, and to
thinner bodies for both French and Korean listeners, again with
Korean female speakers showing a reversed, positive association
with perceived build. Vocal roughness, typically produced in
aggressive contexts, would likely project an impression of a larger
body, while vocal clearness in distress contexts would suggest a
smaller body in both animals (Morton, 1977; Ohala, 1980) and
humans (Raine et al., 2019). Our Korean and French listeners
appeared to employ a similar strategy as observed in these previous
studies, except for Korean female speakers. This exception may
reflect cultural and perceptual expectations: within Korean culture,
clearer voices in women, being more resonant and stable, may
convey health, vigor, and physical presence, leading listeners to
associate them with taller and heavier bodies. Thus, voice quality
cues appear to interact with speaker sex and cultural norms in
shaping body size perception. Further perceptual experiments will
be necessary to determine what kinds of impressions or social
images listeners — both Korean and French -associate with the
clearer voice quality observed specifically in Korean female
speakers.

Finally, our listeners did not seem sensitive to variables related to
vocal breathiness. This constrasts with the findings of Xu et al.
(2013), who showed that breathy voice is one of the acoustic
characteristics associated with a smaller body. Breathy voice is
certainly more common in women (Hanson & Chuang, 1999; Iseli et
al.,, 2007; Sodersten & Lindestad, 1990), whose vocal folds are
generally thinner and smaller, and who generally have smaller body
size than men. However, previous studies have reported that voice
quality also varies depending on a speaker’s language or cultural
background (Pépiot & Armold, 2020; Sebesta et al., 2017), which
may explain why breathiness was not a reliable cue for estimating
body size from speech.

In conclusion, the present study has revealed that body size is
only weakly encoded in speech and that any cues listeners use are
probabilistic and strongly shaped by language background and
gendered expectations. While certain acoustic parameters, such as
f0, formant structure, and harmonic energy, systematically
influenced judgments, they did not support reliably accurate
estimates of height or build. Moreover, the direction and strength of
these effects varied across French and Korean listeners as well as
male and female speakers. These findings suggest that vocal

impressions of body size reflect a complex interplay between
modest anatomical correlates and culturally learned stereotypes
rather than a straightforward readout of physical dominance from
speech. Recognizing this complexity is important not only for
theoretical models of speech perception but also for applied
contexts. Misinterpretations arising from culturally shaped
perceptual biases may influence voice-based eyewitness
descriptions in forensic settings, and biometric systems may benefit
from incorporating probabilistic and culturally variable cues. Thus,
a better understanding of how listeners infer body size from speech
can improve both theoretical accounts and practical applications
involving human speech perception.

5. Limitations of the Study

Future research should extend the analysis to a wider range of
speech segments. The present study examined only the vowel /a/,
chosen because it yields reliable acoustic correlates related to
spectral shape and high first formant values. However, voice and
speech characteristics observed in a single vowel may not generalize
to other speech segments (Choi & Choi, 2016; Henton & Bladon,
1985; Iseli et al., 2007). In addition, increasing the number of
participants and examining additional listener populations would be
beneficial, as would further investigation of cross-cultural
variability in perceptual strategies. Including various segments and
broader participant groups in future work will enable a more
comprehensive understanding of how body dimensions shape the
acoustic manifestations of speech.
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