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Abstract: Fundamental frequency (FO) is a salient acoustic cue in voice perception, but how FO-related
attractiveness judgments vary across listeners with different sexual orientations remains insufficiently understood.
This study examined attractiveness ratings under controlled FO manipulation in Mandarin voice stimuli produced by
one male and one female announcer. Eighty adults were recruited: 20 heterosexual male, 20 heterosexual female, 20
homosexual male, and 20 homosexual female participants. An adaptive three-alternative forced-choice pretest with
12 listeners established a group-level FO just-noticeable difference (JND) of 0.215 ERB. Seven FO0 levels, from —3 to
+3 JNDs around each speaker’s own baseline, were then presented three times in the main experiment. Because each
listener group rated only the target-voice sex that matched its presumed attraction pattern, the study compares two
observed listener—target configurations rather than fully crossing listener sex, sexual orientation, and target-voice sex.
Linear mixed-effects models showed that attractiveness ratings for the male voice decreased as FO increased in both
heterosexual female and homosexual male listeners, with no reliable difference in slopes. For the female voice,
ratings increased with FO in both heterosexual male and homosexual female listeners, while the homosexual-female
group additionally showed a significant nonlinear component, with a fitted maximum near +2.4 JND. These findings
indicate that, within these two listener—target configurations and these two controlled source voices, FO-related
attractiveness judgments generally followed target-sex-related directions, whereas between-group variation was more
evident in response strength and curve shape. The study contributes to experimental research on social voice
perception and provides a controlled Mandarin-language baseline for future cross-linguistic comparisons of vocal
social evaluation; it does not itself test intercultural variation.
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1. Introduction

Human voices transmit linguistic information while also carrying socially meaningful cues about
speakers. Listeners can extract information about sex, age, affect, body-related characteristics, and
attractiveness from relatively limited vocal material, making voice perception an important interface
between language and social cognition (Babel et al., 2014; Pisanski & Bryant, 2019). Vocal attractiveness
is correspondingly multidimensional: acoustic properties contribute to judgments, but listener
characteristics and the social context in which a voice is evaluated also matter (Babel et al., 2014).

Fundamental frequency (F0), the rate of vocal-fold vibration and a major acoustic correlate of
perceived pitch, is especially relevant here (Titze, 1989). Puberty changes the larynx and contributes to
substantial sex-related differences in adult FO; male voices generally have lower FO than female voices
(Evans et al., 2008; Fitch & Giedd, 1999). Experimental and observational studies have linked lower FO in
male voices to masculinity, dominance-related impressions, and attractiveness, though these links are
sensitive to mating context and other social conditions (Puts, 2005; Puts et al., 2006; Puts et al., 2012;
Hodges-Simeon et al., 2010). More broadly, vocal attractiveness seems to depend on a set of acoustic cues,
not on pitch alone (Babel et al., 2014; Xu et al., 2013).

Evidence for female voices is less uniform. Higher FO can increase perceived attractiveness in some
contexts, but studies also report non-monotonic or context-dependent relationships between female FO and
social evaluation (Borkowska & Pawlowski, 2011; Pérez-Ramirez et al., 2020). These findings suggest
that FO is better seen as a socially interpreted acoustic cue, not as a universally linear index of
attractiveness. This point matters for language-oriented research because listeners evaluate voices within
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communicative and social expectations, and those expectations can vary across communities and cultural
settings.

Listener characteristics are therefore central to the interpretation of FO-attractiveness relationships.
Voice responses can differ according to listener sex, target-voice sex, and the social relevance of the target
(Hodges-Simeon et al., 2010; Puts et al., 2012). Sexual orientation is especially relevant because it relates
to the sex of potential romantic or sexual targets. Research on voice perception has shown that sexual
orientation can shape behavioral and neural responses to male and female voices (Smith et al., 2019).
Recent work has also directly compared heterosexual and homosexual listeners in vocal-attractiveness
judgments, finding group differences in responses to vocal modulation but also substantial agreement on
some unmodulated voices (Belyk et al., 2026). Three variables are thus relevant at once — listener sex,
listener sexual orientation, and the sex of the target voice — and the present design does not treat them as
independent factors. In the configurations studied here, listener sex and target-voice sex are aligned with
sexual orientation: heterosexual women and homosexual men rated the male voice, whereas heterosexual
men and homosexual women rated the female voice. This alignment is what makes the study informative
about real listener groups, but it also means that any difference between two groups can reflect sexual
orientation, listener sex, the sex of the voice being rated, or a combination of these. The groups are
therefore described throughout as observed listener—target configurations, and group comparisons are
interpreted accordingly.

Recent experiments have further shown the value of perceptually calibrated FO manipulation for
studying social voice perception: FO shifts expressed in JND units can systematically affect attractiveness
and other social judgments (He et al., 2026). That work, however, focused on heterosexual listeners and
compared FO with formant dispersion, so it remains unclear whether FO—attractiveness relationships vary
systematically across listeners with different sexual orientations. The present study therefore focuses on
FO as a single controlled acoustic dimension. The design compares listener groups within target-voice
categories, but it does not fully cross listener sex, sexual orientation, and target-voice sex. It is therefore
not designed to estimate a unique causal effect of sexual orientation. Instead, it asks whether controlled FO
variation produces systematic and comparable attractiveness-response functions across the listener groups
observed.

A further methodological issue is the distinction between an acoustic difference and its social
interpretation. A change in FO can be detected as a pitch difference without necessarily producing a
corresponding change in attractiveness, and a change in attractiveness does not establish which social
inference mediates the response. Work on voice attractiveness has emphasized that judgments reflect
combinations of acoustic features and listener-specific expectations rather than one universal acoustic
recipe (Babel et al., 2014; Pisanski & Bryant, 2019). Studies of experimentally shifted voices also show
that listeners may respond to pitch modifications in ways that depend on the task and the social attribute
being judged (Feinberg et al., 2005, 2008; Zheng et al., 2020). The present study therefore treats
attractiveness as the measured outcome and does not equate it with perceived masculinity, femininity,
dominance, or actual mate choice.

The study addresses three questions: (1) whether attractiveness ratings for male voices systematically
change as FO increases; (2) whether heterosexual female and homosexual male listeners show comparable
FO-related patterns for male voices, and whether heterosexual male and homosexual female listeners show
comparable patterns for female voices; and (3) whether the response functions differ in strength or shape,
particularly for female voices. By combining JND-based acoustic manipulation with mixed-effects
modeling, the study links experimental phonetic control with the social evaluation of spoken language.
Although the sample is limited to Mandarin-speaking listeners, the design provides a controlled baseline
against which future cross-linguistic and intercultural studies can examine whether FO-related social



A SRS ST - A 1 B4 1 III
Journal of Language and Intercultural Studies, Volume 1, Issue 1

evaluations are stable or culturally contingent. Two qualifications follow from the design. First, all claims
concern these two controlled voice stimuli and these four listener groups, and the design supports
statements about the shape of the FO—attractiveness function within each observed configuration rather
than about the causal contribution of sexual orientation to voice evaluation. Second, because the listeners
were Mandarin speakers, the intercultural dimension of the study is prospective: the data offer a baseline
against which other speech communities can be compared, not evidence about cultural variation itself.

2. Methods

2.1 Participants

Eighty adults (mean age = 21.3 years, SD = 2.3; range = 18-30 years) participated in the main
experiment. The sample comprised 20 heterosexual male, 20 heterosexual female, 20 homosexual male,
and 20 homosexual female participants. All were native speakers of Standard Mandarin and reported no
hearing or speech disorders. Participants were recruited through the university community and social-
media platforms. Sexual orientation was assessed with a seven-point, Chinese-language adaptation of the
Kinsey scale (Kinsey et al., 1948), on which 0 denotes exclusively heterosexual and 6 exclusively
homosexual experience and attraction. Participants were classified as heterosexual if their score was 0 or 1
and as homosexual if it was 5 or 6, and eligibility additionally required agreement between the scale score
and self-identification. Participants whose score fell in the intermediate range (2—4), or whose self-
identification did not match their score, were not included in the analyzed sample; the present data
therefore contain no bisexual or other intermediate-orientation group, and the heterosexual-homosexual
contrast is a contrast between the two extreme groups only. All participants provided written informed
consent and received compensation.

Sex and gender terminology followed the SAGER principles (Heidari et al., 2016). The present study
recorded participants’ self-reported sex and used male/female as the analytical categories; sexual
orientation was treated as a separate participant characteristic. Because gender identity and gender roles
were not independently measured, the analyses do not make claims about gender identity. Throughout the
manuscript, male/female therefore refer to the study’s sex-based participant classification and to the sex
category of the constructed voice stimuli, whereas heterosexual/homosexual refer to sexual orientation.

2.2 Stimuli and F0 Manipulation

The baseline recordings were obtained from two professional Mandarin-language announcers (one
male and one female), both certified at Grade I-B (— 2 £ %) in the Putonghua Proficiency Test. Both
produced the Mandarin greeting “fR%#” (ni hio, “hello”). Recording took place in May 2026 in the sound-
attenuated phonetics laboratory at Guangxi University. An AKG C544L microphone was connected
through a Steinberg UR22C external audio interface to a Huawei MateBook D 14 laptop; recordings were
captured with Praat version 6.4.46 (Boersma & Weenink, 2025). The distance between the lips and
microphone was held at approximately 10 cm. Signals were recorded at 44,100 Hz with 16-bit
quantization. After recording, the male and female tokens were standardized for duration by trimming or
zero-padding and normalized in amplitude so that every stimulus was presented at approximately 70 dB
SPL; a single playback level was used for all participants and all conditions. The normalized recordings of
the two announcers served directly as the male- and female-voice baseline stimuli for subsequent FO
manipulation; no across-speaker averaging or composite-voice synthesis was performed (Bruckert et al.,
2010).

Perceptual calibration was performed in a separate pretest involving 12 listeners with normal hearing,
none of whom took part in the main experiment. The pretest used an adaptive three-alternative forced-
choice (3AFC) discrimination procedure with the same Mandarin greeting to estimate the just-noticeable
difference (JND) in FO. Pitch shifts were expressed on the equivalent rectangular bandwidth (ERB-rate)
scale. The threshold was estimated at the group level rather than for each listener separately: the adaptive
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runs of the 12 listeners were pooled, and the resulting value of 0.215 ERB was then applied to every
participant in the main experiment as a fixed step size. For the main experiment, each baseline recording
was manipulated in Praat to produce seven FO conditions: —3, =2, —1, 0, +1, +2, and +3 JNDs. Relative to
the unmodified baseline, these levels corresponded to ERB-rate displacements of —0.645, —0.430, —0.215,
0, +0.215, +0.430, and +0.645, respectively. Each FO condition was repeated three times in the
attractiveness task.

The FO manipulation used an ERB-rate transformation, ERB-rate = 21.4 logl0(1 + 0.00437 X
FO[Hz)); its inverse is FO[Hz] = (10"(ERB-rate/21.4) — 1)/0.00437 (Glasberg & Moore, 1990). For a
condition at k JNDs, the target ERB-rate was calculated by adding k x 0.215 to the baseline FO expressed
on this scale, followed by conversion to hertz. The shift was implemented by modifying the FO contour of
each baseline token and resynthesizing the signal with a PSOLA-based overlap-add method, which
changes FO while leaving the spectral envelope, and hence the formant pattern, essentially intact. Praat-
based acoustic checks were then applied to every generated stimulus: the FO of each token was re-
measured and compared with its target on the ERB-rate scale, a tolerance of 0.01 ERB was applied, and
any stimulus falling outside that tolerance was regenerated. The non-target acoustic dimension (formant
dispersion) was likewise measured, so that unintended changes introduced by the single-parameter
manipulation could be identified. Only FO-varied stimuli were included in the present attractiveness
experiment; formant dispersion was not an experimental factor. The two baseline voices each yielded
seven FO-manipulated conditions (14 distinct stimulus files in total, including the 0-JND condition for
each voice category). Because the seven levels are defined relative to each speaker’s own baseline, their
absolute size depends on that baseline. For FO values in the 100-250 Hz range spanned by adult male and
female voices, 0.215 ERB corresponds to roughly 7-11 Hz, or about 0.8—1.1 semitones, so the full seven-
level range (£0.645 ERB) spans roughly 2.5-3.4 semitones.

2.3 Procedure and Design

The experiment used a mixed design with listener sex and sexual orientation as observed between-
participant characteristics and FO level as the within-participant variable. Heterosexual male and
homosexual female participants rated female voices, whereas heterosexual female and homosexual male
participants rated male voices. Target-voice sex was therefore not fully crossed with listener sex and
sexual orientation.

Stimuli were presented through headphones in a sound-attenuated laboratory using E-Prime 3.0
(Psychology Software Tools, 2021). Each trial began with a 500-ms central fixation cross, followed by an
approximately 800-ms recording of “ {/g ¥ ” and a seven-point attractiveness question (I = very
unattractive, 7 = very attractive). Participants entered ratings using the number keys 1-7 without a
response deadline, as specified in the source experiment protocol. Five practice trials preceded the
experimental block. Each participant then completed 21 experimental trials (7 FO levels x 3 repetitions).
Trial order was randomized anew for each participant within the assigned target-voice category, the three
repetitions of a given FO level were interleaved with the other levels rather than presented as a block, and
the 500-ms fixation cross that opened each trial served as the inter-trial interval. The design yielded 1,680
ratings across 80 participants. The three repetitions of each stimulus were additionally used to estimate the
consistency of repeated ratings: single-rating agreement was moderate (ICC(1,1) = .25 for the male voice
and .47 for the female voice), and the average of the three repetitions was more reliable (ICC(1,3) = .50
and .73, respectively).

2.4 Statistical Analysis

Male- and female-voice ratings were analyzed separately using linear mixed-effects models in R
version 4.5.1 (R Core Team, 2025), with Ime4 2.0.1 (Bates et al., 2015), ImerTest 3.2.1 (Kuznetsova et al.,
2017), and emmeans 2.0.2 (Lenth, 2025). FO level was entered as a continuous predictor centered at 0 JND,
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so that the intercept represents the fitted rating at the unmanipulated baseline, and listener group was
entered as a between-participant factor within each target-voice category, dummy-coded with the
heterosexual group as the reference. The FO x listener-group coefficient therefore indexes the difference in
slope between the heterosexual and the homosexual group of that target-voice set. Participant identity
entered the model as a random intercept, allowing each listener’s overall use of the rating scale to vary,
and models were fitted by restricted maximum likelihood. Because the design is balanced (three ratings
per participant and FO level), the fixed-effect estimates coincide with those of an equivalent within-
participant analysis, and the random intercept accounts for the dependence among the 21 ratings
contributed by each listener. The primary model was:

Attractiveness ~ FO x sexual orientation + (1 | participant)

For female voices, FO? and its interaction with listener group were additionally examined. Inspection
of the cell means showed that ratings in the homosexual-female group rose up to +2 JND and then fell at
+3 JND, a departure from linearity that a linear model cannot capture; the quadratic term was therefore
added to test whether this curvature differed between listener groups, and it was retained only for female
voices, where the descriptive downturn was present. Group-specific linear and quadratic coefficients were
obtained as simple effects with emmeans and are reported with Bonferroni adjustment where multiple
simple effects are compared. Wald 95% confidence intervals are reported for all fixed effects, and
denominator degrees of freedom were approximated with Satterthwaite’s method; because each model
contained 840 ratings from 40 participants and at most six fixed effects, the FO-related terms had at least
790 denominator degrees of freedom, so their t statistics can be read against the normal approximation.
The estimated vertex of the quadratic function was interpreted as a fitted response peak rather than a
directly tested stimulus condition. Inferences about listener-group differences were restricted to the
observed listener—target combinations, because listener sex, sexual orientation, and target-voice sex were
not fully crossed.

3. Results

3.1 Descriptive patterns

The 1,680 rating observations showed clear FO-related patterns. For male voices, attractiveness
ratings declined across the continuum in both groups: heterosexual female listeners decreased from 5.90 at
=3 JND to 3.83 at +3 JND, while homosexual male listeners decreased from 5.53 to 3.80. For female
voices, heterosexual male listeners increased from 3.50 at —3 JND to 5.73 at +3 JND, whereas homosexual
female listeners increased from 3.23 at —3 JND to 5.20 at +2 JND and then declined slightly to 4.93 at +3
JND. Each cell mean is based on 60 ratings (20 participants X 3 repetitions).

Figure 1. Attractiveness ratings across F0 levels. Error bars represent £1 SE.
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3.2 Male voices

Both heterosexual female and homosexual male listeners showed significant negative FO slopes. The
mixed-effects model yielded a significant overall FO effect (B = —0.264, SE = 0.021, t =—12.66, p < .001,
95% CI [-0.305, —0.223]), whereas the FO x sexual-orientation interaction was not significant (f = —0.007,
SE = 0.027, t = —0.27, p = .792, 95% CI [—0.060, 0.046]). The two observed groups therefore showed
closely aligned downward response functions. This result supports relative consistency in the present
sample but should not be interpreted as evidence that sexual orientation has no effect. The model-implied
rating at the unmanipulated baseline (0 JND) was 4.95. Homosexual male listeners also gave somewhat
lower ratings overall than heterosexual female listeners, so the two fitted functions were closely parallel
rather than identical.

3.3 Female voices

Both heterosexual male and homosexual female listeners generally gave higher ratings to female
voices as FO increased. The model showed a significant positive FO effect (B = 0.375, SE = 0.024, t =
15.72, p <.001, 95% CI [0.328, 0.422]), together with a significant FO x sexual-orientation interaction (3
=—0.082, SE = 0.027, t = —3.05, p = .004, 95% CI [-0.135, —0.029]). The quadratic interaction was also
significant (f = —0.050, SE = 0.016, t = —3.16, p = .003, 95% CI [—0.081, —0.019]). In the homosexual-
female group, the linear component was positive (f = 0.293, p <.001) and the quadratic component was
negative (p =—0.061, p <.001), yielding a fitted maximum near +2.4 JND. This value is the vertex of the
fitted function rather than a directly sampled FO level. The main effect of F0? in the same model was small
and did not reach significance (f = —0.011), indicating that the fitted function of the heterosexual-male
group was essentially linear over this range, and the group difference therefore lies in the curvature rather
than in the overall slope alone.

Table 1. Mixed-effects model results for male and female voices

Target voice / effect B SE 95% Cl1 t p
Male: FO —0.264 0.021 [—0.305, —0.223] —12.66 <.001
Male: FO x orientation —0.007 0.027 [-0.060, 0.046] -0.27 792
Female: FO 0.375 0.024 [0.328, 0.422] 15.72 <.001
Female: FO x orientation —0.082 0.027 [-0.135,-0.029] —3.05 .004
Female: FO? x orientation —0.050 0.016 [-0.081,-0.019] -3.16 .003

Note. Models were fitted separately for male and female voices: Attractiveness ~ FQ x listener group +
(1 | participant) for male voices, with FO? and its interaction with listener group added for female voices.
FO was centered at 0 JND and listener group was dummy-coded with the heterosexual group as the
reference. N = 840 ratings from 40 participants per target voice; denominator degrees of freedom
(Satterthwaite) were at least 790 for all FO-related terms. Both models also contained an intercept (4.95
for male voices and 4.76 for female voices) and, for female voices, a main effect of FO? (§ = —0.011,
ns); the intercept is the fitted rating at 0 JND, and the FO? main effect describes the curvature of the
heterosexual-male group.

4. Discussion

The principal finding is a systematic relationship between FO and vocal-attractiveness ratings across
the observed listener—target configurations. Lower FO was associated with higher attractiveness ratings for
male voices, whereas higher FO was associated with higher ratings for female voices. These directions are
broadly consistent with previous work linking male FO to masculinity and attractiveness and female FO to
social and sexual evaluation (Puts, 2005; Puts et al., 2006; Puts et al., 2012; Feinberg et al., 2005; Xu et al.,
2013; Pérez-Ramirez et al., 2020). The present experiment extends this literature by expressing the
manipulation in perceptually calibrated JND units and by examining heterosexual and homosexual
listeners under the same controlled FO continuum. These claims are correspondingly specific: the patterns
describe responses to the two controlled voice stimuli used here, within the four observed listener groups.

For male voices, heterosexual female and homosexual male listeners showed highly similar
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downward response functions, and the FO x orientation interaction was not significant. The appropriate
interpretation is relative consistency in the current sample rather than equivalence between orientations.
Because listener sex and sexual orientation were not independently crossed, the design cannot determine
whether the similarity reflects sexual orientation, listener sex, target relevance, or their combination. This
limitation is important when comparing the present results with studies showing that sexual orientation
can influence basic responses to voices (Smith et al., 2019). Homosexual male listeners also gave lower
ratings to the male voice overall (cell means were on average about 0.4 points lower than those of
heterosexual female listeners), so the two functions were closely parallel rather than identical. Because
these two groups differ in both listener sex and sexual orientation, however, neither the parallel slopes nor
the level difference can be assigned to sexual orientation alone.

For female voices, the overall positive FO effect was accompanied by significant linear and quadratic
orientation interactions. The homosexual-female group showed a rise in attractiveness ratings up to the
upper-middle range of the continuum, followed by a decline at the highest sampled level; the fitted
maximum near +2.4 JND should therefore be understood as an estimated response optimum rather than
evidence for an inherently optimal FO. Because the study did not measure perceived femininity, age,
maturity, or other social attributes, the psychological basis of the downturn cannot be determined. The
finding is better interpreted as evidence of response-shape variation than as proof of a specific mechanism.

Taken together, the data suggest that FO can function as a socially meaningful acoustic cue in
attractiveness judgments while allowing both shared and listener-specific response patterns. This is
compatible with the broader view that vocal attractiveness depends on multiple acoustic and social
dimensions rather than on a single universal cue (Babel et al., 2014). The fact that the direction of the FO
effect generally corresponded to the sex category of the target voice is also consistent with research
showing that listeners use voice to process socially relevant information. At the same time, the present
findings do not establish that listeners consciously interpret FO as a marker of masculinity or femininity,
because those perceptual dimensions were not directly measured. A further constraint is that each voice
category was represented by a single professional announcer, so the functions reported here describe
responses to these two controlled stimuli rather than to male and female voices in general; speaker-
specific properties such as voice quality, speaking style, or the particular vowel context of the token may
interact with FO.

From the perspective of language and intercultural studies, the findings have a more limited but
potentially useful implication. The stimuli were Mandarin lexical items and the listeners were Mandarin
speakers, so this is not a cross-cultural comparison. Instead, it offers a controlled Mandarin-language
baseline for examining how a phonetic property becomes socially meaningful in voice evaluation. Future
research can test whether the same JND-scaled FO functions appear across languages and speech
communities, and whether language-specific phonological systems, cultural norms, or familiarity with
particular voice styles change how pitch is interpreted. Such comparisons would help distinguish relatively
general properties of auditory-social perception from culturally situated voice meanings.

A few limitations should shape how the results are read. First, listener sex, sexual orientation, and
target-voice sex were not fully crossed, because each group rated only the target-voice sex that matched its
presumed attraction pattern. Second, each observed group had 20 participants; repeated ratings increase
measurement precision, but they are not a substitute for independent participants. Third, using one source
speaker per voice category limited the stimulus sampling. It improved acoustic control, but it also limits
generalization to individual speakers. Acoustic measures such as formant dispersion need careful
interpretation, since extraction settings and vowel context can affect estimates (Anikin et al., 2024). Fourth,
the experiment manipulated FO alone and used a single lexical item, so the results identify controlled FO—
attractiveness associations rather than a unique biological or social mechanism. Finally, the study does not
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include a cross-linguistic or intercultural comparison, which future work should address.

5. Conclusion

This study shows that controlled FO variation can systematically shape vocal-attractiveness ratings in
Mandarin-speaking listeners with different sexual orientations. For the male voice, lower FO was
associated with higher ratings in both the heterosexual female and the homosexual male group; for the
female voice, higher FO was associated with higher ratings in both the heterosexual male and the
homosexual female group. The two groups evaluating the male voice showed closely aligned response
functions, whereas the female-voice groups differed more clearly in response shape, including a nonlinear
pattern among homosexual female listeners. Because listener sex, sexual orientation, and target-voice sex
were aligned rather than crossed, and because each voice category was represented by a single source
speaker, these findings describe these two controlled voice stimuli and the four observed listener groups;
they do not establish a causal effect of sexual orientation or a general preference for male and female
voices. They support an account in which FO contributes to socially meaningful voice evaluation without
implying a single universal preference. More broadly, the study illustrates how experimental phonetic
manipulation can connect acoustic structure with social interpretation and provides a controlled Mandarin-
language baseline for future cross-linguistic and intercultural research on the social meaning of voice.
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