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Creaky voice has historically been associated with men’s speech, supported by acoustic studies.
Since around 2010, however, sociolinguistic work alongside public discourse has perpetuated
greater creaky voice use by women, typically implementing impressionistic coding. This study
investigates whether this recent shift can be attributed to perceptual social and acoustic
biases related to (perceived) speaker gender and pitch (f0), respectively. Using a matched-guise
paradigm, 40 Canadian English listeners rated the perceived creakiness of the same modal and
creaky voices—altered to have ambiguously gendered formants and median f0s (115, 135, 155
Hz)—paired with female and male faces. Bayesian regression analyses revealed strong effects
of voice quality and moderate effects of f0: Creaky and lower-fO stimuli were rated as creakier.
No overall effect of face gender was found. However, a weak interaction between face gender
and f0 suggests a possible gender prototypicality bias: At lower fOs, female faces were rated as
slightly creakier than male faces and at higher f0s, male faces were rated creakier than female
faces. These findings show that neither acoustic nor gender-based biases alone can account
for widespread reports of women-led creaky voice use. Several possible explanations for this
discrepancy are discussed.
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1. Introduction

Along with the development of more sophisticated phonetic measures and statistical modelling in
recent years, the analysis of voice quality has seen rapid growth (Garellek, 2022). Creaky voice in
particular has seen more systematic investigations from both phonetic as well as sociolinguistic
perspectives, given its diverse uses in languages of the world, for phonological contrast, prosodic
and segmental structures, pragmatic and discourse-related function, indexicality, as well as
the construction of personae (Davidson, 2021). More recently, sociophoneticians have raised
questions about the perceptual dimensions of creaky voice and how they interact with acoustic
and articulatory features of voice (e.g., Kreiman et al., 2014) as well as social evaluations,
stereotypes, and expectations of voice (e.g., Ligon et al., 2019; White et al., 2024). Despite this
growing body of work, a persistent mismatch remains between how creaky voice is produced and
how it is perceived—particularly in terms of gendered associations. While traditional qualitative
research (e.g., Henton & Bladon, 1988) and acoustic work (e.g., Klatt & Klatt, 1990; Gittelson
et al., 2021) both link creak primarily with male speakers, more recent impressionistic studies
and public discourse have emphasized its use by women (Yuasa, 2010; Podesva, 2013; Quenqua,
2012; for example). This paper addresses this gap by directly examining the effects of perceived
speaker gender and variation in speaker fO on perceptual creakiness ratings. Focusing on creaky
voice perception, this work aims to clarify how the social climate surrounding linguistic behavior

and quantifiable acoustic cues jointly shape the way listeners process and interpret speech.

2. Background
2.1 Creaky voice phonetics

Within phonetics, voice or phonation broadly refers to the acoustic signal produced by the
articulatory system (i.e., the glottis and supralaryngeal tract), grounded in acoustic physics
and physiology (Garellek, 2019; Kreiman & Sidtis, 2011). In contrast, voice quality or phonatory
quality denotes the holistic percept of this acoustic signal (or of a person’s voice), grounded in
cognition (Johnson & Babel, 2023; Kreiman & Sidtis, 2011). Voice qualities or phonation types
represent specific patterns of vibration that can be situated along a uni-dimensional continuum
of vocal fold aperture (Ladefoged, 1971), more traditionally, or within a multi-dimensional space
collectively defined by various acoustic cues (Keating et al.,, 2023a; Kreiman & Sidtis, 2011),

stipulated in more contemporary work on voice.

Creaky voice is a non-modal voice quality (or phonation type) typically characterized
acoustically by alow fundamental frequency (f0), irregular vocal pulses, and decreased transglottal
airflow (e.g., Gordon & Ladefoged, 2001; Keating et al., 2015; Wright et al., 2019). Articulatorily,
creaky voice is produced by increasing adductive tension and decreasing longitudinal tension of
the vocal folds, allowing the vocal folds to be compressed and thick (Keating et al., 2015; Wright
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et al., 2019). This configuration permits little airflow through the glottis, resulting in some
vibration, albeit slow and aperiodic. Perceptually, creaky voice is described as having a low,
rough, croaking or crackling sound to the ear, like “a rapid series of taps” (Catford, 1964, p. 34)
or popping corn (Henton & Bladon, 1988). Keating et al. (2015) describe multiple sub-types of
creaky voice, each characterized by different acoustic cues. At present, there is ongoing debate
about whether these types are perceptually distinct or form one broad perceptual category (see
Davidson, 2019b vs. Garellek, 2015; Gerratt & Kreiman, 2001) as well as how individual acoustic
cues contribute to creaky voice perception (Khan et al., 2015). Considering the limited empirical
perception data, we employ the broader term “creaky voice” to refer to the holistic percept of

creakiness, rather than any specific acoustic sub-type.

2.2 The production-perception mismatch

Phonation types can be contrastive in some of the world’s languages (see Keating et al., 2023a
for a review), similar to fO contrasts in tonal languages. Creaky voice can also serve a prosodic
or segmental function in a variety of languages (see Davidson, 2021), marking intonational
phrase boundaries (e.g., Crowhurst, 2018; Dilley et al., 1996; Redi & Shattuck-Hufnagel, 2001)
or enhancing segmental contrasts (e.g., Garellek, 2022; Pierrehumbert, 1995). This paper focuses

instead on non-contrastive creaky voice, especially discussing its sociolinguistic uses.

Voice quality is known to have many sociolinguistic functions in a variety of languages,
conveying pragmatic information and to construct individual personae (Callier, 2013; Laver,
1968; Pillot-Loiseau et al., 2019; Podesva, 2013; Sicoli, 2010; Yuasa, 2010, among others).
Socially-constrained variation in creaky voice use has been extensively studied in English
varieties (see Dallaston & Docherty, 2020; Davidson, 2021, for reviews), with increasing work
on other languages published only recently (e.g., Burin, 2022; Duarte-Borquez et al., 2024;
Johnson & Babel, 2023; Sebregts et al. 2023; Uusitalo et al., 2024). Previous acoustic studies
of various English varieties—including both seminal and contemporary work on creaky voice—
have shown that men are creakier than women across a variety of speech contexts ranging from
spontaneous speech in naturalistic settings to read wordlist recordings in a laboratory (e.g.,
Brown & Sonderegger, 2025; Gittelson et al., 2021; Hanson & Chuang, 1999; Irons & Alexander,
2016; Iseli et al., 2007; Klatt & Klatt, 1990; Loakes & Gregory, 2022; Syrdal 1996). Older
impressionistic analyses, i.e., those relying on audio-visual coding of creaky voice, have reached
similar conclusions with respect to gender (again in varied speech contexts), suggesting that
creak can be interpreted as a sign of masculinity, authority, and socio-economic status in British
varieties especially (Abercrombie, 1967; Esling, 1978; Henton & Bladon, 1988; Laver, 1968;
Stuart-Smith, 1999).

There is current impressionistic work—which still relies on audio-visual creaky voice

identification methods—also sourced from various speech contexts, but examines American
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English varieties almost exclusively. Contrary to the aforementioned acoustic and older
impressionistic work on creaky voice, these studies show that women are creakier than men (e.g.,
Abdelli-Beruh et al., 2014; Melvin & Clopper, 2015; Podesva, 2013; Wolk et al., 2012; Yuasa,
2010), coinciding with the emergence of that same claim in mainstream American media in the
late 2000s (Fessenden, 2011; Grim, 2015; Jaslow, 2011; Steinmetz, 2011; Quenqua, 2012, for
example). Creaky voice is often referred to as vocal fry in popular discourse and media, and a
sudden surge in use of this term around 2010 is observable in Google Ngrams (Google Books,
2025). Yuasa (2010) suggests that the increased use of creaky voice by young, upwardly-mobile
American women is triggering a shift in popular perception towards a more educated, urban-
oriented, nonaggressive and informal interpretation. Others explicitly asked listeners to provide
qualitative judgements of modal and creaky voices, then compared listener ratings across voice
qualities. Most studies exposed listeners to the same speakers producing both modal and creaky
voice (in lab speech in Anderson et al., 2014 and Lee, 2016; in spontaneous speech from online
sources in Stewart et al., 2024), while others only compared modal speakers and creaky speakers
(recorded in-lab in Gallena & Pinto, 2021). Conversely, Ligon et al. (2019) did not make use
of any audio stimuli, opting to train their listeners to identify and differentiate various voice
qualities (modal and creaky voice included) and then ask them to associate the voice qualities
with affective/emotive traits. Contrasting with Yuasa’s (2010) interpretation of creaky voice use,
these speaker perception studies reach the consensus that creaky voice leads to overt negative
sentiments: Women exhibiting creaky voice were often perceived as less competent, attractive and
hirable (note that Lee, 2016, finds comparable negative judgement of both men’s and women’s
creaky voice). Social perception work on creak has placed less focus on attitudes in other English
varieties; the studies that do exist find similar but less consistent negative perceptions (in New
Zealand English, Calhoun & White, 2025 and Pittam, 1987; mixed findings in Irish English, Gobl
& Ni Chasaide, 2003; in British English, Liu & Xu, 2011; and in Canadian English, Goodine &
Johns, 2014). When exposed to two young women’s voices with creak and two others without
creak, Canadian English listeners judged women exhibiting creaky voice as more ditzy and lazier,
as well as less assertive, responsible and hardworking than modally-voiced women (Goodine &
Johns, 2014).

These methodological differences highlighted by the studies described above appear to impact
conclusions drawn from investigations of creaky voice across gender: Acoustic analyses (almost
exclusively) find more creak for men, and impressionistic analyses describe more creak for men
prior to the 2000s, but more creak for women thereafter. While there is a remarkable lack of
empirical evidence indicating a change in voice quality over time (see Brown & Sonderegger,
2025, for a review), there is compelling evidence for change in the social view of creaky
voice. The production-perception mismatch displayed in creaky voice research demonstrates

that perception does not always reflect acoustics or articulation. While acoustic studies rely on
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objective measures, the overarching goal of this work is to model the perceptual instantiation of
creaky voice. Creaky voice as a perceptual phenomenon has attracted both public and academic
interest in recent years, and speakers and listeners show the ability to reliably attend to it as
well as develop strong intuitions about it. Acoustic correlates alone therefore function as indirect

measures of creaky voice.

Some work has made efforts to bridge the gap between articulation, acoustics, and perception,
notably Kreiman et al.’s (2014) psychoacoustic model of voice (and Kreiman et al., 2021,
thereafter) which identifies a set of articulatorily-grounded acoustic measures that all contribute
individually to the perception of voice quality. While this model may provide a quantitative
measure of voice quality that more accurately reflects its perception compared to other acoustic
studies of voice, the discord between older impressionistic studies of creaky voice and more
contemporary ones remains unresolved. If a change in voice quality production (articulation
and acoustics) has not occurred over time, then there is no motivation for any changes to the
psychoacoustic model of voice over time. The psychoacoustic model of voice in its current state
does not allow for the integration of social factors in voice perception, failing to account for
any variation or change (at the individual or group level), and is not designed to assess creaky
voice perception specifically. One plausible explanation for the divergence between creaky
voice production and varying perceptions relies on the assumption that listener expectations
can heavily influence perception. Accordingly, Section 2.3 discusses the well-attested effect of
perceived speaker characteristics on speech perception, and Section 2.4 explores how perceptual

judgements of voice can be shaped by speaker pitch and gender.

2.3 Sociolinguistic perception: Speech perception as a function of speaker
perception

Sociolinguistic perception is a vast topic that integrates perspectives from diverse fields of
research, including social psychology, cognitive science, sociolinguistics and phonetics. It is
now well-known that variation in the speech signal can affect the social evaluations of the
speaker (as exemplified in the previous section with respect to creaky voice usage). The matched-
guise technique was first introduced by Wallace Lambert and his colleagues, highly influential
in that it operationalized a method to systematically analyze listeners social evaluations in
relation to linguistic features of speech. In Lambert et al.’s 1960 study, the same speaker’s voice
was recorded in French and in English, effectively producing two different guises which were
presented to listeners without revealing that they originated from the same person. Listeners
were then tasked with assigning subjective ratings of 14 character traits to the guises (Lambert
et al., 1960). Since then, the paradigm has been applied to various linguistic features and
personal characteristics, including, but not limited to, gender, race/ethnicity, region of origin,

sexual orientation (see D’Onofrio, 2016; Drager 2010; Foulkes & Hay, 2015, for overviews).
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This is generally thought to occur because listeners hold stereotypes towards social groups and
attribute those stereotypes to individuals whom they perceive as belonging to that group on
the basis of linguistic features alone (Johnson, 2000; Lippi-Green, 1997). The vast and varied
body of work collectively shows the wide-reaching effect that linguistic variation has on social

evaluations of speaker attributes.

Furthermore, the relationship between phonetic and social information in speech perception
is bidirectional. Social information about the speaker, whether actual, expected, or perceived,
can bias speech perception (distinctly from social perception). As a variation of the matched-
guise design and following long-standing work arguing for the perceptual integration of visual
and auditory information (e.g., Campanella & Belin, 2007; McGurk & MacDonald, 1976), Strand
and Johnson (1996) spearheaded a method to examine the effect of perceived speaker attributes
(social perception of the speaker) on speech perception/processing. In search of evidence for
a visually-driven (or socially-driven) speaker normalization effect on sibilant perception, they
paired ambiguously-gendered voices with prototypical male and female faces to isolate a face
gender effect. They found that when Central Ohio English listeners (15 women and 9 men) were
tasked with identifying whether they heard /s/ or /f/ (2AFC) from a continuum of synthesized
sibilants, they identified more /s/ when audio was presented with the male face than the female
face, indicating a lower frequency threshold for /s/ perception (following general gender patterns
of sibilant production). These results provide evidence for integration of the visual perception of
gender with the acoustics in the speech signal in gradient sibilant categorization. Thus, priming
listeners with social information about the speaker, encouraging a specific speaker perception
and creating a certain expectation for that speaker’s voice and language use, can affect their
perception of various linguistic variables (generally believed to be linked to those relevant social
groupings) in otherwise acoustically identical speech. In addition to perceived speaker gender
(Alderton, 2020; Bouavichith et al. 2019; Jessee & Calder, 2025; Johnson et al., 1999; Lindvall-
Ostling et al. 2020; Strand & Johnson, 1996; Strand 1999; Yu, 2022), perceived speaker race/
ethnicity (Babel & Russell, 2015; Kutlu et al., 2022; Staum Casasanto, 2010), age (Drager, 2011,
Hay et al., 2006b, Koops et al., 2008; Walker & Hay, 2011), dialect (Hay & Drager, 2010; Hay
et al., 2006a; Niedzielski, 1999), socio-economic class (Hay et al., 2006b), sexual orientation
(Mack & Munson, 2012), as well as micro-sociological categories like personae (D’Onofrio, 2015;
see D’Onofrio, 2020, for a review), have been shown to influence speech perception in diverse
ways (see D’Onofrio, 2016; Drager 2010; Foulkes & Hay, 2015; Weatherholtz & Jaeger, 2016,
for overviews).

Expectations and stereotypes about speakers have even been shown to trigger shifts

in production in some cases, such as expectation-driven convergence (e.g., Vaughn & Kendall,
2019; Wade et al., 2023; and see Auer & Hinskens, 2005, for a review). In Wade et al. (2023),
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non-Southern out-group speakers converged to more monophthongal /ai/ (a stereotypically
Southern American English pronunciation) when listening to speech from a labeled Southern
American English speaker, despite the speaker acoustically producing a Midland American
English accent. On the other hand, some work does not yield clear social priming effects in the
expected directions (e.g., Squires, 2013; Lawrence 2015, Juskan, 2016; Walker et al., 2019).
Juskan (2016) situates their inconsistent priming effects within the psychological literature and
suggests a number of conditions that need to be met in order for priming effects to emerge as
expected: 1) The stimuli must be based on a highly salient linguistic variable/feature that listeners
are explicitly aware of (i.e., a stereotype); 2) the linguistic variable must vary on a continuum
rather than discretely; and 3) the prime and the acoustic stimuli must not be so mismatched that
listeners will not accept that the prime and stimuli are combined. While these conditions may
explain some of these failures to replicate priming effects on perception, the expectation that
priming effects should be invariable or even similar across studies is controversial (see Juskan,

2016, for a discussion).

Given that this paper’s main topic, the production-perception mismatch in creaky voice,
relates directly to varying gender expectations, only studies examining perceived gender
effects on speech perception will be discussed further. Strand and Johnson’s (1996) study has
inspired other (quasi-)replications in recent years (e.g., Bouavichith et al. 2019; Jessee & Calder,
2025; Munson et al., 2017), which attests to the robustness of the face gender effect in sibilant
perception. Munson et al. (2017) used both explicit and implicit priming, resulting again in
lower frequency /s/ perception for male faces and male-suggestive cues. Likewise, Jessee and
Calder (2025) show that when listeners were told that speakers were transgender, they perceived
a higher frequency /s/ for the feminine voice and a lower frequency /s/ for the masculine voice
than listeners who were not given that gender information. The face gender effect is also not
limited to sibilant perception. Johnson et al. (1999) apply their 1996 paradigm to the perception
of the /u/-/a/ contrast and find that the expectation for men’s formants to be lower frequency
than women’s formants is substantiated by a face gender effect: Participants tend to perceive
the vowel category boundary at lower F1 frequencies when stimuli is paired with a male face
and at higher F1 frequencies when paired with a female face. Alderton (2020) examines the
perception of /u/-fronting (a.k.a., GOOSE-fronting) in Standard Southern British English, a sound
change led by women but not yet carrying social salience. They find a significant interaction
between listener gender and face gender, men identifying fronter /u/ vowels when primed with
a woman’s face, despite failing to find a significant effect of face gender alone (Alderton, 2020).
In Yu (2022), listeners were presented with a gendered face and (ambiguously gendered) audio
stimuli along a voicing continuum (crossing VOT and f0) and instructed to identify whether they

heard a /b/ or /p/ (2AFC). Listeners who were exposed to a male face showed less reliance on
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VOT compared to those exposed to a female face or those who were given no visual information,
consistent with typically-male acoustic behavior (VOT differences are less distinct for men than
women) (Yu, 2022). In summary, these studies illustrate the influence of socio-indexical and
paralinguistic information on speech perception in that expectations about a speaker’s gender or
other personality traits can prime listeners to interpret the speech signal in ways that conform to

the social expectation.

2.4 Systematic analyses of creaky voice perception

The apparent mismatch between acoustic and impressionistic methods of identifying creaky
voice has been noted in previous perceptual work (namely, Davidson, 2019a and White et al.,
2024). The tendency to impressionistically identify more creakiness in women’s speech was first
formally hypothesized by Davidson (2019a) to be due to two possible factors: acoustic pitch
of the speech and perceived speaker gender. The Acoustic hypothesis (referred to as the pitch
contrast scenario in White et al., 2024) stipulates that creaky voice is more perceptible in higher
pitched modal voices because of a larger pitch differential between modal and creaky voice,
compared to lower pitched modal voices which have a smaller pitch differential (Davidson,
2019a). There is uncontroversial evidence for an upper bound of approximately 80 Hz on
the fO range of creaky voice (e.g., Blomgren et al., 1998; Hollien & Michel, 1968; Leung et
al., 2022). Some studies report similar fO ranges of creaky voice for both men and women
(respectively, 49 and 48 Hz on average in Blomgren et al., 1998; respectively reaching 46
Hz and 59 Hz minimums in Keating & Kuo, 2012) while others report somewhat lower fO
ranges for men’s creak than for women’s creak (respectively, 55 Hz and 74 Hz on average in
Brubaker et al., 2016; and 70 Hz and 88 Hz on average in Davidson, 2019a). Despite these
differences, the hypothesis generally holds in assuming that creaky voice is always produced at
a low f0, and therefore when habitually high-pitched voices (generally women’s voices) lower
dramatically to reach the fO threshold for creakiness, it is perceptually more salient than when
habitually low-pitched voices (generally men’s voices) lower moderately to a similar threshold.
The Bias hypothesis (referred to as the gender bias scenario in White et al., 2024) presents the
alternative that listeners are simply biased to assume that creak is more common in women’s
speech compared to men’s, given social stereotypes (Davidson, 2019a). In reality, these two
hypotheses are difficult to tease apart as they often co-occur: Men typically have lower modal
pitch whereas women have higher modal pitch. White et al. (2024) describe a third hypothesis
or scenario that combines the former two, suggesting that the speaker habitual pitch will have
the strongest impact on the perception of creaky voice when voices have distinct pitches, and
only when pitch is no longer informative will speaker gender affect perception. The predictions

of these hypotheses are shown in Table 1.
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Creaky voice condition Modal voice condition
Acoustic hypothesis hi-f > mid-f = mid-m > lo-m | hi-f > mid-f = mid-m > lo-m
(pitch contrast scenario)
Bias hypothesis hi-f = mid-f > mid-m = lo-m | lo-m = mid-m > mid-f = hi-f
(gender bias scenario)
Acoustic + Bias hypo- hi-f > mid-f > mid-m > lo-m | hi-f > mid-m > mid-f > lo-m
thesis (pitch contrast +
gender bias scenario)

Table 1: Predictions of each hypothesis for listener accuracy in the identification of creaky voice
(adapted from Davidson, 2019a, and White et al., 2024).

Assuming such an acoustic bias, the most relevant cue to the identification of creaky voice is
a larger pitch differential between modal and creaky voice. That is, voices with a larger creaky-
to-modal voice pitch differential should facilitate both the identification when creak is present
and the non-identification when it is absent. Therefore, in both the creaky voice condition (i.e.,
identifying creak when it is present) and the modal voice condition (i.e., not identifying creak
when it is absent), this hypothesis predicts more accurate creak identification in the highest-
pitched voice (hi-f), comparably lower accuracy in the mid-pitched voices (mid-f and mid-m),
and then lowest accuracy in the lowest-pitched voice (lo-m). On the other hand, if we assume
a gender bias, then the most relevant cue to creaky voice identification is gender, specifically
women’s voices eliciting more creaky voice responses in all contexts. Following this idea, creaky
voice is predicted to be more accurately detected in women’s voices (hi-f and mid-f, regardless of
pitch) when it is present, and also more inaccurately detected (over-detected) in women’s voices
when it is absent. In the case of the combined acoustic and gender bias scenario, pressures from
the creaky-to-modal voice pitch differential and gender interact: A larger pitch differential and
women’s voices are predicted to lead to more creaky voice identification. White et al. (2024)
posit that pitch will play a larger role than gender in the extreme pitch conditions, with a
high-pitched voice (hi-f) facilitating accurate creak identification in the creaky condition and
non-identification in the modal condition, whereas responses to a low-pitched voice (lo-m) will
exhibit less accuracy in both the identification and non-identification of creaky voice. They
predict that gender will only play a role in creak decisions in conditions where the voices are
similar in pitch. In the creaky condition, they expect the women’s voice (mid-f) to elicit more
accurate identification of creak than in the men’s voice (mid-m), while in the modal condition,

they expect the women’s voice to elicit more inaccurate identification of creak than in the men’s.

To test these hypotheses, both Davidson (2019a) and White et al. (2024) conducted experiments
in an attempt to disentangle the effects of pitch and gender on creaky voice perception. Crucially,
stimuli for these experiments fit four speaker profiles: a high-pitched female, a mid-pitched

female, a (quasi-)equally mid-pitched male, and a low-pitched male. Davidson (2019a) made
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use of natural speech stimuli from high quality podcast recordings, extracting modal and creaky
speech stimuli from eight voices (with average fOs of 226 Hz and 194 Hz for the hi-f voice, 164
Hz and 152 Hz for the mid-f voice, 132 Hz and 145 Hz for the mid-m voice, and 111 Hz and 90
Hz for the lo-m voice). Davidson (2019a) also included other conditions such as location/extent
of creak (none, partial, or whole) and type of utterance (fragment or full sentence), but these will
not be discussed extensively here. Conversely, White et al. synthesized their stimuli from male (28
y.o.) and female (22 y.0.) modal voices recorded in a lab, manipulating mean fO (190 Hz for the
hi-f voice, 135 Hz for the mid-f and mid-m voices, and 97 Hz for the lo-m voice) and voice quality
(inserting cycle-to-cycle f0 irregularity) while leaving gendered formant ratios untouched. White
et al. limited their stimuli to bigrams (adjective noun pairs), synthesizing creak into the rhyme
of the second word in the creaky voice condition. Both studies ran a creak identification task,
requiring binary decisions from participants. Despite recruiting speakers of different varieties of
English, 54 Americans (for each of two versions of the experiment) in Davidson (2019a) and 258

Australians in White et al., the results of both studies shared some similarities.

In Davidson’s (2019a) first version of the experiment, a weak tendency to accurately identify
more creak in female voices (both hi-f and mid-f) than in males’ was found. However, in the second
version of the experiment (when the mid-pitched male and female voices were more closely
matched), the gender difference in both creaky conditions disappears. In the modal condition,
participants were more accurate at detecting the absence of creak in the hi-f voice, and less
accurate for the lo-m voice, falsely detecting creak when there was none. Due to inconsistencies
in the results of both versions of the experiment, Davidson (2019a) concludes that there is no
robust evidence for either an acoustic bias or a gender bias. Aside from gender and pitch, across
both of Davidson’s (2019a) experiments, participants were worse at identifying creak in the
partially creaky condition than the wholly creaky condition, suggesting that creak is less salient

in a prosodic position where it is expected (utterance-finally).

White et al. (2024) find similarly mixed evidence for a gender or acoustic bias. In the creaky
voice condition, creak identification is slightly less accurate for the lo-m voice (but the mid-m
voice patterns with the female voices), either partially corroborating Davidson’s female voice
skewed gender bias effect in her first study (2019a) or supporting the acoustic bias towards
more creak identification for women’s higher pitched voices. Moreover, the strong false-alarms
of creak in the lo-m voice in the modal condition from Davidson’s second study (2019b) are
also replicated, indicating an acoustic bias in the opposite direction as predicted (i.e., men’s
voices inducing more creaky voice percepts). These two findings show that for men’s low-pitched
voices, listeners are less likely to identify creak when it is present (creaky voice condition), while
also being more likely to identify creak when it is not present (modal voice condition). Lower

overall creaky voice identification accuracy for the lo-m voice suggests that listeners struggle
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more to distinguish creaky voice from low modal pitch in men’s voices compared to other voices
(hi-f, mid-f, and mid-m). Interestingly, White et al. find additional evidence for the predicted
gender effect in the modal voice condition, more creak inaccurately identified (false-alarmed
creak) in the mid-f voice than the mid-m voice in this case. In view of the two false-alarmed creak
findings, White et al. conclude that the combined pitch contrast and gender bias scenarios have
explanatory power, but suggest an alternative underlying mechanism: a pitch given gender bias.
When listeners hear modal voices that are low given the listeners’ expectations for gender (i.e.,

lo-m and mid-f), they are more likely to identify creak when there is none.

Li et al. (2023) conduct a comparable study in Mandarin, a language which, importantly,
has not been reported to carry any social associations between gender and creaky voice. Stimuli
originated from declarative sentences produced with modal and creaky voice by a high-pitched
female speaker recorded in a lab. FO and formant manipulations were performed to create the
low-pitched male stimuli. Conditions included pitch range/gender (hi-f vs. lo-m), creak extent
(mono-syllabic creak vs. multi-syllabic creak), and prosodic position (final vs. non-final). Forty
native Mandarin listeners were tasked to identify characters pronounced with creaky voice. Li et
al. find that Mandarin listeners consistently identify more creak in the low-pitched male voice:
low pitch facilitating creak identification but also increasing false-alarmed creak identification
in modal speech as in Davidson (2019a) and White et al. (2024). Furthermore, they find that
sentence-final position inhibited the identification of creak, confirming the same effect of

prosodic position in Davidson (2019a).

Altogether, these results do lend some support to the combined pitch contrast and gender
bias scenario (summarized in Table 2). Confirming at least a small effect of the predicted
gender bias, Davidson (2019a) finds slightly more creak identified in women’s voices than in
men’s voices, though only in one of two versions of her experiment, and White et al. (2024)
find slightly more creak identified in women’s modal voices compared to men’s, when pitch is
matched and comparing women’s creaky voices (high and mid-pitched) to low-pitched men’s
creaky voices. Confirming a stronger acoustic effect related to pitch but in the unexpected
direction, Davidson (2019a), White et al. and Li et al.’s (2023) studies all find increased creak
identified in low-pitched men’s (modal) voices. Considering the broader motivations for
these perception studies, these results alone do not fully explain the overwhelming tendency
to identify more creak in women’s voices in impressionistic studies across the sociolinguistic
body of literature. If there is a dominant acoustically-grounded inclination to find more creak
in low-pitched men’s voices, evidenced to largely eclipse effects of social stereotypes which
lead to women’s voices being perceived as creakier, then how do so many listeners (trained
phoneticians and speech-language pathologists alike) consistently continue to identify more

creak for women?

1
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Creaky voice Bias Modal voice condi- Bias
condition tion
Davidson hi-f = mid-f > Gender hi-f = mid-f = mid-m None
(2019a): exp. mid-m = lo-m = lo-m
ver. 1
Davidson hi-f = mid-f = None hi-f > mid-f = mid-m Acoustic
(2019a): exp. mid-m = lo-m > lo-m
ver. 2
White et al. hi-f = mid-f = None hi-f > mid-m > mid-f | Acoustic +
(2024) mid-m > lo-m > lo-m Gender
Li et al. lo-m > hi-f None hi-f > lo-m Acoustic or
(2023) Acoustic +
Gender

Table 2: Actual results on listener accuracy in the identification of creaky voice from Davidson
(2019a), White et al. (2024), and Li et al. (2023) alongside the hypotheses (see Table 1) supported.

2.5 Research questions

Public discourse from roughly the last decade often reports on extreme creaky voice usage by
women, a pattern attested in recent sociolinguistic and sociophonetic research (e.g., Podesva,
2013; Yuasa, 2010), despite acoustic evidence consistently showing that men tend to produce
more creaky voice (Gittelson et al., 2021; Klatt & Klatt, 1990; among many others). The goal of
this project is to reconcile differences between the production and perception of creaky voice
by uncovering the perceptual pathway by which this discrepancy arises. We test two hypotheses
(originally from Davidson, 2019a): an acoustic pitch contrast bias in which creak is more
perceptible in higher-pitched voices due to greater contrast with modal pitch, and a gender
bias in which listeners expect women to be creakier. The primary research question addressed
here investigates whether voice fO and visual face gender both independently show quantifiable
effects on creaky voice perception in Canadian English. Using a matched-guise paradigm, we
isolate the social effect from the acoustic effect to determine whether either or both contribute

to a perceptual asymmetry.

The precise experimental design implemented to test these questions draws from the methods
from Davidson (2019a), White et al. (2024), and Strand & Johnson (1996). To disambiguate
effects of an acoustic bias from a gender bias on the perception of creaky voice, f0 and
gender need to be treated independently. FO values are therefore restricted to a fO range (and
formant structure) ambiguous for gender, and clearly gendered faces are then paired with the
ambiguously-gendered voices in a matched-guise paradigm. If a gender bias exists in creaky

voice perception, then a priming effect of face gender should be observable even if voice quality
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and pitch are held constant. Specifically, if the listeners’ gender bias leads them to expect more
creak in women’s speech, then a woman’s face should prime increased creakiness percepts, but if
their gender bias presumes more creak in men’s speech, then a man’s face should prime increased
creakiness percepts. Alternatively, if an acoustic bias exists, then fO values, independent of gender
perception, should influence creaky voice perception. Predictions of an acoustic bias can also
differ depending on the direction of the f0 effect: If a larger pitch differential between modal and
creaky voice is crucial in the perception of creak, then a higher fO value should result in more
creaky percepts; otherwise, if low pitch is the most relevant cue to creaky voice, then a lower fO
value should induce more creaky percepts. A combined acoustic and gender bias (like the pitch
given gender bias in White et al., 2024) is also possible and would be substantiated by a face

gender effect that differs as a function of f0.

This line of inquiry opens up new avenues for understanding of how voice perception is not
merely a function of physical (acoustic) input, but also of socially structured expectation. In the
broader landscape of sociophonetic research, this study also contributes to filling gaps in the
existing literature. While there has been increasing interest in creaky voice, few studies have
directly tested how social perception shapes creaky voice perception, especially in non-American
varieties of English. Although prior work has shown that speech perception is influenced by
social expectations, especially around gender, this research has largely focused on segmental
features like sibilants and vowels. Thus far, there has been comparably less attention given to
more complex and multi-dimensional features of speech, notably non-modal voice qualities like

creak.

3. Method

First, a norming study (Section 3.1) was conducted to determine what voice settings would
be appropriate for our ambiguously gendered stimuli. Clearly gendered faces were then paired
randomly with the gender-ambiguous audio stimuli in a matched-guise paradigm (Section 3.2)
to assess the effect of face gender priming on creak perception. Listener ratings of creaky and
modal voices were elicited along a continuous scale from not creaky at all to extremely creaky.
All stimuli from the norming study and creaky voice perception experiment (training, practice,
and trials), original audio recordings, scripts, datasets, and saved models are available on the
paper’s OSF page (https://osf.io/f45yh/).

3.1 Norming perceived gender

To create a gender ambiguous voice, the Praat (Boersma & Weenink, 2025) “Change gender”
function was used, which varies both formant ratio and f0. A norming study was conducted to

choose stimuli that were rated as ambiguously gendered.
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3.1 Participants

Eighteen English-dominant speakers, born and raised in (and currently living in) Canada, without
any hearing difficulties nor cochlear implants (9 women, 9 men, 18 to 71 years of age, median

age: 38) were recruited online through Prolific (Palan & Schitter, 2018).

3.1.2 Stimuli

A 27-year-old female native Canadian English speaker’s voice was recorded using a MixPre-3
audio recorder and a Shure SM10A headset microphone. Sampling rate was 44.1 kHz and
intensity was set to 70 dB for all recordings. Ten phonetically balanced utterances, Harvard
Sentences (IEEE, 1969; list 1), were pronounced in a neutral modal voice and intonation was
kept consistent across sentences, with a falling contour. The fO0 was manipulated to create three
new median fO values: 115 Hz, 135 Hz, and 155 Hz, roughly matching the ambiguous gendered
pitch values used in Davidson (2019a) and White et al. (2024). The formant shift ratio was
manipulated to create five values ranging from most prototypically male-like (longer vocal tract)
formants to most prototypically female-like (shorter vocal tract) formants: 0.8, 0.85, 0.9, 0.95,
1. Both variables were fully crossed for all 10 modal utterances, creating 150 trial stimuli. All
experimental trials were randomized, and each participant was only shown 75 of the 150 total
stimuli in order to keep the task short. Creaky voice utterances were not used in the norming
study because the goal was to elicit gender judgements based solely on fO and formant values,

and modal voice is best for maintaining a clear fO throughout the utterances.

3.1.3 Experimental design

The experiment was conducted online using Gorilla Experiment Builder (Anwyl-Irvine et al.,
2020). The task was estimated to take roughly 15 minutes and participants were paid at a rate
of £9.00/hour, amounting to £2.25 per participant. Participants began a headphone screener

(Woods et al., 2017) and were given a maximum of two attempts to pass it.

Instructions for the gender rating task were presented on the first screen, followed by three
practice trials. The practice trials included audio of one utterance at the mid-point and both ends
of the manipulated continua (lowest fO and most male-like formants, highest fO and most female-
like formants, and mid fO and ambiguous formants). In both the practice and experimental trials,
participants were presented with a fixation cross alongside audio from the continua of manipulated
utterances. As soon as the audio finished playing, the next screen prompted participants to rate
the voice along a 5-point scale for gender prototypicality, with 5 indicating a very feminine voice

and 1 indicating a very masculine voice. Participants then clicked to continue to the next trial.

3.1.4 Results

The results in Figure 1 (right) show a clear trend towards more masculine-sounding ratings as

median fO and formant shift ratio decreases, and more feminine-sounding ratings as median f0O
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and formant shift ratio increases. It was determined (through visual inspection of Figure 1 left)
that a formant shift ratio of 0.9 provided the most ambiguously gendered responses, and all three
fO values were retained to examine the effect of pitch (within a generally ambiguous range) on
creakiness ratings.

54
Rate the voice you just heard for gender prototypicality by clicking the ﬁ oo
levels along the slider bar. p=s -~
o4 =2 =
£ - =
® a7 - i
. o G - Median f0 (Hz)
£ 50 e =
8 34 = 115
s = 135
S
k] = 155
most a most g
masculine O feminine 5
sounding sounding g
(O]
m 0.80 0.85 0.90 0.95 1.00
Formant shift ratio

Figure 1: Gender prototypicality rating screen that was presented to participants (left) and
aggregated gender prototypicality ratings (1 = most male-sounding, 5 = most female-sounding)
plotted by formant shift ratio and median fO (right).

While there was minor variation by utterance, no particular utterances elicited qualitatively
different responses than the others, observable in Figure A1 (Appendix A) and from a Bayesian
ordinal cumulative regression model (utterance: ﬁ = —0.36, 0 = 0.21, CI = [—0.79, 0.071;
Table A2 in Appendix A). Individual variation in gender prototypicality ratings can be observed
in Figure A3 (of Appendix A). While some participants skewed towards more feminine-sounding
ratings across most of the manipulated continuum (see participant 44382292 and 44382167),
no participants skewed towards more masculine-sounding ratings. This can be explained by
the source of the original recordings, which was a female speaker, causing certain listeners to

perceive a more feminine voice regardless of the manipulated fO and formants.

3.2 Creaky voice perception experiment

The main perception experiment addressed the study’s primary research question targeting how
creaky voice perception might be influenced by an acoustic bias or a gender bias, i.e., whether

manipulated fO and presented face gender independently affect listeners’ creakiness ratings.

3.2.1 Participants

Recruitment for the creaky voice perception experiment followed the same procedure and
recruitment criteria as in the norming study. We had a target sample size of 40 and we excluded
and replaced any participants who failed to complete the study (n = 6). We had planned to also
exclude participants with evidence of poor understanding or attention to the task as evidenced

by a pattern of random responses, however no participants met this exclusion criteria. Forty new
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English dominant speakers, (14 women and 26 men, aged 18 to 71 years old, median age: 32)

were included. None were involved in the norming study.

3.2.2 Stimuli

The same 27-year-old female native Canadian English speaker’s voice was recorded using a
MixPre3 audio recorder and a Shure SM10A headset microphone. Sixty new phonetically
balanced sentences (i.e., not those used in the norming study), lists 3-8 of the Harvard Sentences
(IEEE, 1969), were pronounced by the speaker. We chose to elicit somewhat natural productions
of modal and creaky voice (like Davidson, 2019a) to avoid complications in simulating
creaky voice acoustically. Thirty sentences were produced in a neutral modal voice, and 30
sentences were produced with roughly the first half of the sentence in modal voice and the
second half in creaky voice. FO tracks are often unreliable in creaky voice production due to
their characteristic fO irregularity, therefore fO manipulations are often ineffective on creaky
voices. As such, partially creaky sentences were preferred over fully creaky sentences so that
the fO manipulations could be perceived across all stimuli, obvious in the modal voice portions.
Because the creaky utterances were produced naturally, the exact timing of creaky voice was
variable. To provide clearer characterization of the original creaky utterances, we examined
the range of variation in the proportion of creaky voice. Durations of creak were estimated
using an audio-visual coding method to identify the onset of creak within the original creaky
utterances. Approximate proportions of creak were then calculated (by dividing the duration of
creak by the entire utterance duration) and are plotted in Figure A4 (Appendix A). The range of
proportions of creak was 0.40 to 0.77 with a mean of 0.58 for all 30 creaky utterances. Original
modal utterances did not contain any creak. Speech rate varied to some extent, ranging from
2.16 to 3.94 vowels per second with a mean of 3.15 vowels/second (see Figure A5 in Appendix
A for speech rate plots by voice quality and median f0). Intonation was again kept consistent
across sentences by the speaker, with a falling contour. The mean fO across vowels within all the
utterances in the original recordings was 187 Hz. Instead of using multiple speakers with varying
mean modal pitches (as did Davidson, 2019a), we followed White et al. (2024) in manipulating
fO values to achieve more control. As described above, we used three levels of f0: 115 Hz, 135
Hz, and 155 Hz. The 30 unique modal and 30 unique creaky utterances were each split into three
groups of 10, and each group was fO-shifted to one of the three values, creating 60 audio stimuli.

Following results of the norming study, the formant shift ratio was set to 0.9 for all stimuli.

Impressionistically, the “change gender” function introduced some distortions that may lead
to a percept of creakiness in some of the modal stimuli. To check whether the creaky stimuli were
still objectively creakier and, importantly, that the different levels of fO were equally creaky, we
implemented an acoustic analysis on all formant and fO-shifted stimuli. The acoustic analyses of
the 60 audio stimuli were conducted using PraatSauce (Kirby, 2018), a Praat script for spectral

measures, and another Praat script for fO-related measures (Brown & Sonderegger, 2025). A
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total of 533 vowels were analyzed, measured at 3 equidistant points, at 25, 50 and 75% of
the vowel duration, from which vowel means were calculated. The acoustic correlates of creak
examined in this analysis include the proportion of unreliable fO tracks (i.e., the proportion
of vowels for which Praat could not track the fO consistently), in addition to more common
measures within the creaky voice literature, specifically H1* —H2*, CPP, and HNR < 500 Hz
(see method in Brown & Sonderegger, 2025, for a more in-depth discussion of these measures
and how they relate to creaky voice). H1* —H2* values that depended on unreliable (0 or NA) fO
values were removed (n points = 495, 30.96% of points over all H1* —H2* tracks and n vowels
= 128) and extreme HNR < 500 Hz values were excluded (n vowels = 14). Figure 2 illustrates
empirical differences between vowels in modal utterances and those in creaky utterances across
median fO values. Observational trends show higher proportions of unreliable fO tracks and lower
H1*—H2*, CPP and HNR < 500 Hz values for creaky utterances compared to modal utterances,
providing acoustic evidence for increased creakiness in the creaky stimuli. This voice quality
difference in acoustic measures is mostly consistent across fO values (with the exception of H1* —

H2%*), indicating that the fO manipulation did not seem to directly affect creakiness in the stimuli.
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Figure 2: Selected acoustic correlates of creak (mean proportion of reliable/unreliable fO tracks,
mean H1* —H2* in dB, mean CPP in dB, and mean HNR < 500 Hz in dB) plotted by voice quality
and median fO.
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The 60 audio stimuli were paired with 60 faces from the London Set of Faces from the
Faces Research Lab (Debruine & Jones, 2017); 30 were presented with a unique male face
and 30 with a unique female face. The faces selected from this database came from people
under 30 years old, as these faces would match the original speakers’ age more closely. The
sampled faces also matched the general distribution of ethnicities across the larger database,
including 20 white, 4 black, 3 East Asian and 3 West Asian faces (per gender). All participants
were exposed to all fO levels, but in order to achieve randomization of the unique faces
within gender and across utterances, participants branched off into two alternating groups.
Odd-numbered participants (in terms of order of recruitment) were shown utterances ending
in numbers 1, 2, 3, 4, or 5 with female faces and utterances ending in numbers 6, 7, 8, 9,
or 0 with male faces, while even-numbered participants were shown the same utterances
with flipped face gender assignments. As such, face gender variation within utterances is
between-subjects. Table 3 shows the distribution of stimuli across conditions. All stimuli
(audio utterances paired with randomized faces within gender) were then randomized in the

experimental trials.

Median fO / FSR | Face 0dd participants (n = 20) | Even participants (n = 20)

gender Modal Creaky Modal Creaky
115Hz/09FSR | F Utt. 1-5 Utt. 31-35 Utt. 6-10 Utt. 36-40

M Utt. 6-10 Utt. 36-40 Utt. 1-5 Utt. 31-35
135Hz/09FSR | F Utt. 11-15 | Utt. 41-45 Utt. 16-20 | Utt. 46-50

M Utt. 16-20 | Utt. 46-50 Utt. 11-15 | Utt. 41-45
155Hz/09FSR | F Utt. 21-25 | Utt. 51-55 Utt. 26-30 | Utt. 56-60

M Utt. 26-30 | Utt. 56-60 Utt. 21-25 | Utt. 51-55

Table 3: Structure of stimuli across all conditions: median fO (115 Hz, 135 Hz, 155 Hz)
and formant shift ratio (FSR, 0.9), voice quality (modal, creaky), face gender (F, M), and
branching of participants. Utterance numbering has been modified from that in the larger
list of Harvard Sentences to better convey that utterances are unique (correspondences to the
original list and utterance numbering from the Harvard Sentences are provided in Table A6
of Appendix A).

3.2.3 Experimental design

The experiment followed the same protocol as the norming study, including the headphone
screener, but instead of the gender prototypicality task, they performed the creakiness rating
task. Instructions were presented on the first screen, followed by a training session, four practice

trials, and 60 experimental trials.
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The training phase aimed to orient participants to the acoustic and social cues to creaky
voice, ultimately intending to reduce variability in participants’ ratings that might arise from
unfamiliarity. The training first described creaky voice to the participants in an accessible and
simplified way, noting its rough, croaking/crackly sound to the ear, acknowledging its common
name in public discourse, vocal fry, and contrasting it with modal voice. We avoided descriptions
that made any mention of low pitch so as not to prime participants into associating creaky voice
with low pitch a priori. Participants were presented with four examples of creaky voice. Next,
participants were shown two faces that matched the broad popular perceptions of speakers
associated with creaky voice use: a young female American celebrity (Kim Kardashian) and an
old British actor (George Sanders, a.k.a. Shere Khan, from The Jungle Book). Text explained that
these speakers are known for their very creaky voices. An image of their face, an audio excerpt
of a fully creaky utterance, and the corresponding transcription for each was included. On the
following screen, participants were exposed to two, more local, speakers (both public figures
in Canada but less well-known than the previous American and British celebrities), a young
man (Lenni-Kim Lalande) and a young woman (Francesca Farago), roughly the same age as the
speaker who recorded the stimuli. On-screen text explained that speakers can manipulate their
voice quality and make use of both modal and creaky voice within an utterance. An image of
their faces, an audio excerpt of a partially creaky utterance, and its transcription (with the creak
in bold font), were presented. Unlike other studies that only expose participants to training
stimuli similar to the experimental materials, our training included (American and British)
stereotypical examples of creaky voice. This approach provides participants with familiar
anchors, allowing them to recognize and contextualize creak as a socially and acoustically

meaningful feature.

The practice trials included stimuli from both ends of the manipulated continua (lowest fO
and ambiguous formants with male face, highest fO and ambiguous formants with female face) in
modal and creaky voice. In both the practice and experimental trials, participants were presented
with the image of a person’s face (either male or female) alongside audio from the continua of
manipulated utterances (see Figure 3 left). As soon as the audio finished playing, the next screen
prompted participants to rate the voice along a visual analog scale (VAS) for creakiness (see
Figure 3, right), with 100 indicating an extremely creaky voice and 0 indicating modal voice
(no creak at all). We preferred to use a gradient measure of creaky voice perception (motivated
in other acoustic perception work, Munson et al., 2010; Urberg-Carlson et al., 2008), requiring
listeners to rate the level of creakiness rather than provide binary judgements (as in Davidson,
2019a and White et al., 2024). Participants then clicked to proceed to the next trial. Reaction
time was measured from the moment the screen with the creakiness rating scale appeared to the
moment the “Next” button was clicked. Participants were allowed to change their selection freely

prior to clicking “Next.”
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Rate the voice you just heard for creakiness by dragging the slider
along the scale.

Not creaky O Extremely
at all creaky

Figure 3: Screen with face and audio stimuli (left) and creakiness rating screen (right) presented
to participants.

Following the experimental trials, a short debrief questionnaire was administered. Participants
were asked three open-ended questions: whether they found the task difficult, what cues (both
auditory and visual) they thought influenced their ratings, and if there was any additional

information they would like to share.

3.2.4 Statistical analysis

Using the brms package (Biirkner, 2017) in R, a Bayesian zero-one-inflated beta regression model
was fitted to the response data (creakiness ratings). A beta regression was chosen because the
dependent variable is bounded (by the VAS) (Sonderegger & Séskuthy, 2025) and the zero-one-
inflated variant was implemented because the endpoints (0 and 100 on the original VAS or 0
and 1 in proportions) are included in the possible responses (Heiss, 2021; see also Zellou et al.,
2024). The exact model formula can be found in Table A7 of Appendix A. Model structure was
chosen based on theoretical importance of the predictors to the research questions. Fixed effects
included face gender, voice quality and median f0, henceforth f0. The effect of face gender
on creakiness ratings is of primary interest for the research questions in this paper, crucial to
the investigation into how (perceived) gender might affect the perception of creaky voice. The
individual effect of voice quality on creakiness ratings is included to confirm that participants
are capable of distinguishing between modal and creaky voice. The effect of fO is included to
test the two hypotheses: i) that a higher modal-to-creaky fO difference (higher fO values) leads
to increased creakiness percepts (acoustic bias); and ii) that low pitch is an important cue to

creaky voice, leading to more creakiness ratings for lower fO values. All two-way and three-
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way interactions between these predictors were also included to assess whether a face gender
effect on creakiness ratings differs by voice quality or by fO value, but also to confirm that
voice quality contrasts (measured perceptually by creakiness ratings) are maintained across
different ambiguous pitch ranges. Both two-level predictors, face gender and voice quality, were
standardized (centered and divided by 2 standard deviations) and the only multi-level predictor,
f0, was Helmert contrast coded (centered and orthogonal) so that each contrast corresponded
to the difference between that level and the mean of the previous levels (Sonderegger, 2023).
Maximal varying-effect! structure was implemented into the model. By-participant, by-utterance,
and by-face varying intercepts were included, allowing participants, utterances and faces to vary
in their baseline creakiness ratings. Varying correlated i) by-participant slopes for face gender,
voice quality, fO, and their two-way and three-way interactions; ii) by-utterance slopes for face
gender; and iii) by-face slopes for voice quality, fO, and their interaction, were also included,
allowing the effects of the predictors on creakiness ratings to vary in direction and size by
participant, utterance, and face. In addition, to account for more participant variability in the
use of the 0-100 slider scale, we included by-participant varying intercepts on the ¢, a and vy
parameters. This allowed participants to differ (within the model) in the precision of responses
(i.e., variance/dispersion; ¢) and in endpoint usage (a and vy). The model was fitted with flat

priors on all parameters and a weakly informative LKJ(1.5) prior on the correlation terms.

A shifted log-normal regression model was also fitted to the reaction time data, using the same
model structure as for the creakiness rating data (see Table A12 in Appendix A). A log-normal
regression was chosen because the dependent variable is bounded and can only be positive
(Sonderegger & Soskuthy, 2025), and the shifted variant was chosen because it has been shown
to be particularly well-suited to reaction time data, which has a shifted lower bound from 0 to at
least 200 ms (Lindelgv, 2019). Because the reaction time data is not directly related to the main

research questions, it will only be discussed briefly in the results that follow.

4. Results
41 Creakiness ratings

A total of 2,400 responses (40 participants x 60 trials) were collected. The distribution of
creakiness ratings is plotted below in Figure 4. The distribution appears to be bimodal, suggesting
that many tokens are rated as very creaky (50-100), and fewer are rated less creaky (0-50), with
a limited number of tokens rated as modal (~0-10). When split by voice quality condition, it is
observed that few creaky utterances are rated as somewhat modal, but that comparably more

modal utterances are rated as somewhat creaky.

! Varying effects are the Bayesian equivalent to random effects in frequentist models (McElreath, 2018).
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Figure 4: Distribution of creakiness ratings, colored by voice quality condition.

Group-level results are plotted in Figure 5, and the zero-and-one-inflated Bayesian regression
model table for fixed effects is shown in Table 4 (the full model summary is available as Table A7
of Appendix A). As expected, the main effect of voice quality on creakiness ratings is significant
and clearly observed at all fO levels and face gender levels (compare x-axes in Figure 5). In the
creaky voice condition (when the second half of the utterance contains creak), the voice is rated
to be creakier than in the modal voice condition (when the entire utterance is modal) (creak —
modal: ,é = 1.04, o= 0.12, CI = [0.80, 1.30]; Table 4). Corroborating the distribution by voice
quality in Figure 5, modal stimuli creakiness ratings center around approximately 0.5, meaning
that participants judged most modal stimuli as still containing some level of creaky voice. On the
other hand, few of the creaky stimuli were rated as modal (visible from the empirical creakiness
ratings in Figure 5). While more subtle, the main effect of manipulated median f0 is also
significant. When 0 values increase, creakiness ratings decrease (135Hz—115Hz: f = —0.12, &
= 0.05,CI = [—-0.22, —0.02]; 155Hz— (135Hz + 115Hz): [§= —0.10, 0= 0.03,CI = [—0.16,
—0.04]; Table 4). This is consistent with more creakiness perceived at lower fO values, which is
borne out in Figure 5 (compare facets). The face gender effect alone does not reach significance
(F—M: ,é = 0.03, 0 = 0.03, CI = [—0.04, 0.10]; Table 4), only significant in interaction with
f0. When f0 values increase to 155 Hz, the face gender effect reverses relative to the two lower
f0 values, 115 Hz and 135 Hz (facegender*(155Hz — (135Hz+ 115Hz)): ﬁ = —0.05, o = 0.02,
CI = [-0.10, —0.01]; Table 4). However, when comparing estimated marginal means using
the emmeans package (Lenth, 2023) in R, that is, calculating the predicted effect of face gender

at different fO levels, there is insufficient evidence for any significant effect at any given level.
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Averaged over voice quality levels, when the median f0 is 115 Hz, 135 Hz, or 155 Hz, the face
gender effect fails to reach significance, but trends are compatible with the aforementioned
face gender effect reversal (respectively, F—M: ,6; = 0.08, CI = [—0.04, 0.20]; ﬁ = 0.08, CI =
[—0.04, 0.20]; ,6; = —0.08, CI = [—-0.19, 0.03]). From visual observation of Figure 5, we can
see that at both 115 Hz and at 135 Hz, female faces prime creakier ratings (the blue triangular
points are slightly higher than the orange circular points) but that this trend reverses at 155 Hz,
male faces priming creakier ratings instead (orange circular points are higher than blue triangular
points), though these observations remain speculative in the absence of statistical confirmation.

In any case, the data from this experiment shows that a face gender effect is limited at best.
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Figure 5: Predicted creakiness ratings (foreground points) with 95% credibility intervals and
empirical creakiness ratings (background points) by face gender (color and shape), voice quality
(x-axis) and fO (facets).

Empirical individual variation plots for creakiness ratings are available in Appendix A (Figure
A8, A9 and A10) but will not be extensively discussed here. Figure A8 shows that participants
do not differ in the direction of the effect of voice quality; utterances containing creaky voice are
consistently rated as creakier than the modal utterances across all participants. In comparison
to the effect of voice quality, there is much more individual variation in the effect of fO (see
Figure A9), which suggests that this effect is less robust. Likewise, there is individual variation
in the direction of the effect of face gender, at least for the participants who do show observable
differences between gendered faces (see Figure A10). Overall, participants do vary in the range of
ratings they attribute to the predictors (voice quality, fO and face gender). Some participants make

use of the full VAS scale while others display more moderate responses, and some participants
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exhibit large rating differences between experimental conditions whereas others only show slight
differences. These differences in quantity of between-participant variation are confirmed by the
by-participant varying intercept estimates in the model (sd ¢ intercept: § = 0.61; sd a intercept:
B = 1.73; sd y intercept: f = 1.81; see Table A7 in Appendix A).

Fixed effects

Coefficient ﬁ SE ('57) 95% CI P,
Intercept 0.48 0.11 [0.27, 0.69] 100

¢ (phi) Intercept 2.10 0.10 [1.91, 2.30] 100
a (zoi) Intercept —4.06 0.36 [—4.82, —3.42] 100

vy (coi) Intercept 0.75 0.53 [—-0.19, 1.88] 93.97
FG(F—-M) 0.03 0.03 [-0.04, 0.10] 79.40
VQ(cr —mo) 1.04 0.12 [0.80, 1.30] 100
f0_1(135-115) -0.12 0.05 [-0.22, —0.02] 98.92
f0_2(155—(135+115)) -0.10 0.03 [-0.16, —0.04] 99.98
FG(F —M):VQ(cr —mo) —0.04 0.06 [-0.16, 0.08] 73.00
FG(F—-M):f0_1(135-115) 0.00 0.05 [—0.09, 0.09] 52.18
FG(F—M):f0_2(155—(135+115)) —0.05 0.02 [-0.10, —0.01] 98.98
VQ(cr—mo):f0_1(135-115) 0.10 0.10 [—0.09, 0.29] 84.00
VQ(cr —mo):f0_2(155—(135+115)) —0.01 0.06 [-0.12, 0.10] 59.95
FG(F—M):VQ(cr —mo):f0_1(135—-115) -0.10 0.08 [—0.26, 0.06] 88.60
FG(F —M):VQ(cr —mo):f0_2(155 — 0.03 0.04 [-0.06, 0.11] 74.40
(135+115))

Table 4: Zero-and-one-inflated Bayesian regression model table for fixed effects (FG = face
gender, VQ = voice quality, f0 = new median fO) on creakiness ratings. Probabilities of direction
(p,) of credible effects are bolded.

4.2 Reaction time

For the reaction time data, long reaction times were excluded based on visual inspection of the
distribution plot (see Figure A11 left panel in Appendix A), eliminating responses with reaction
times over 15 seconds from the data (n = 153). The full summary of the shifted log-normal
Bayesian regression model results is available in Table A12 of Appendix A. The main effect of
voice quality on reaction time (in milliseconds) is significant. Overall, the modal voice condition

leads to longer reaction times than the creaky condition (creak —modal: ,é = —0.06, o = 0.03,
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CI = [—-0.11, —0.01]; Table A12), shown in Figure 6 (negative slopes of lines). The main effects
of fO and of face gender were not found to be significant individually (see Table A12), but did
reach significance thresholds in interaction, suggesting an opposite face gender effect at 135
Hz compared to 115 Hz (facegender*(135Hz — 115Hz)): ,[f = —0.06, 0 = 0.03, CI = [—0.12,
—0.00]; Table A12). While a comparison between estimated marginal means does not reach
significance for any of the fO levels, it appears from Figure 6 that male faces lead to longer
reaction times than female faces at 135 Hz (in both modal and creaky voices) and at 155 Hz
(for creaky voices), but at 115 Hz, female faces lead to longer reaction times (specifically for
modal voices). Because these reaction times are relatively long and may reflect more than just
immediate processing, these results should be treated with caution. However, they do provide
some evidence that incongruence between the face gender and the expected fO for that gender

lead to slower responses. This suggests that the faces and voices were integrated by participants.

115 135 (155

3500

32501
m
E
® 3000 A Face gender
£ ¢
c A ¢ M
o * o © L EF
5 o
§ 27501 ot 4 A
4 A

2500 1

Modal  Creak Modal  Creak Modal  Creak
Voice quality

Figure 6: Predicted reaction times (in ms) with 95% credibility intervals by voice quality (x-axis),
f0 (facets), and face gender (color and shape).

Empirical individual variation plots for reaction time are available in Appendix A (Figure
A13, A14 and A15) but will not be discussed here.

5. Discussion
5.1 General discussion of results

The acoustic analysis of the stimuli showed more acoustic creakiness (higher proportions of
unreliable fO tracks, lower H1* —H2*, lower CPP and lower HNR < 500 Hz) for the (partially)
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creaky utterances compared to the modal utterances. In the creakiness perception experiment,
participants rated utterances containing creaky voice as creakier than those containing little to
no creak (in modal voice). These results confirm that listeners can consistently recognize and
distinguish creaky voice from modal voice in our experiment, validating that our fO and formant-

altered modal and creaky voice stimuli induced perceptually distinct creakiness judgments.

Despite some individual variation across listeners, voices with lower median fO were rated
as creakier than voices with higher median fO overall. This provides evidence that low pitch is
closely related to perceptual creakiness, even within a relatively restricted range, aligning with
previous perceptual studies (Davidson, 2019a; Li et al., 2023; White et al., 2024). Notably, our
acoustic analyses of the stimuli did not clearly show increased creakiness for lower fO utterances.
The proportions of unreliable fO tracks, CPP values and HNR < 500 Hz values were roughly
similar for all fO levels, while only H1* —H2* values decreased (indicative of more acoustic
creak) alongside f0. This suggests that low fO is a perceptually useful cue to creaky voice, but
that low fO does not necessarily lead to stronger acoustic cues to creaky voice. However, acoustic
work has found covariation between creaky voice and low f0, suggesting that the relationship
may be bidirectional (e.g., in American English in Davidson, 2020; in White Hmong in Garellek et
al., 2013; in Mandarin in Kuang, 2017; and in Cantonese in Zhang & Kirby, 2020). Additionally,
a recent study applying mediation analysis to creaky voice claims that a number of its acoustic
correlates are at least partially mediated by fO (Brown, 2025). While the results of this study do
show trends towards raised creakiness ratings for lower-pitched modal voices specifically (around
115 Hz), they are not statistically supported. Nevertheless, this trend is consistent with previous
work showing increased false-alarms rates in lower low-pitched (roughly 100 Hz) modal voices
(Davidson, 2019a; Li et al., 2023; White et al., 2024).

Face gender priming weakly influenced creakiness ratings in relation to fO values, despite
not affecting creakiness ratings in isolation. Observational trends suggest that for ambiguously-
gendered voices, a female face might prime increased creakiness perceptions for lower-pitched
voices, but a male face might prime increased creakiness perceptions for higher-pitched voices.
While not identical, these results share distinct similarities to those in White et al. (2024) in a call
back to their speculation about a pitch given gender bias scenario. At matched mean f0 values
of 135 Hz, they found more creak identified in the woman’s voice than the man’s voice (and
also more creak for a low-pitched man’s modal voice), thus proposing that the underlying cause
of this gender effect is low pitch, given the expected pitch range for gender. This hypothesis
can account for our study’s increased creakiness ratings for low-pitched voices (115 Hz and
135 Hz) primed by a female face, but fails to explain why a male face might prime listeners to
perceive more creaky voice at a higher pitch (155 Hz). It is important to note, however, that this
pattern of reversal is only observed in the empirical and model prediction plots and is not clearly
statistically significant. If (and only if) we assume that this trend is reliable, we could argue that

the pitch given gender bias may be less restricted than White et al. initially proposed, affecting
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not only low pitch given gender but also high pitch given gender in a more general expectation-
reliant hypothesis. Some motivations and implications of such a hypothesis are explored further

in following sections (5.2 and 5.3).

As for reaction time results, slower reaction time was observed for modal voice
utterances than for creaky voice utterances, possibly indicating that listeners experienced
more difficulty in determining whether there was absence of creak. Visual trends (Figure 8)
point to longer reaction times for unexpected pitch-gender combinations, that is for lower-
pitched utterances (115 Hz) primed by a woman’s face and higher-pitched utterances (135
Hz and creaky 155 Hz) primed by a man’s face. This is consistent with the idea that linguistic
perception is influenced by social expectations. Walker & Hay (2011) show that when word
age (determined by the typical age of speakers who often use that word) and voice age are
congruent, lexical access is facilitated, resulting in faster reaction times and higher accuracy
than when they conflict. They take this as evidence that incongruency between linguistic and
social information increases processing costs. Following the same reasoning, when speaker
fO and face gender create conflicting gender expectations, this could lead to increased
processing demands and uncertainty, even though they are not being asked to make a gender
judgement. These reaction time effects therefore give tentative support that our face gender
manipulation created gendered social expectations for the stimuli. That said, surprisingly,
this proposed effect reverses for modal voices at 155 Hz, with women’s faces showing slightly
higher reaction times. However, given that our reaction times are not based on button-press
responses and thus our data is very noisy, conclusions drawn from only reaction time data

remain speculative.

Overall, this study shows that (Canadian English) listeners’ perception of creaky voice
is affected by speaker fO even when controlling for gender biasing formant ratios. However,
creakiness is less convincingly impacted by independently providing a gender cue with a face.
Situating these results with respect to the hypotheses or scenarios described by Davidson (2019a)
and White et al. (2024), they provide additional evidence for an acoustic hypothesis (pitch contrast
bias), but again in the opposite direction as predicted: lower pitch (and/or a smaller modal-to-
creaky-voice pitch differential) increasing perceived creakiness, as well as weak evidence for a
bias hypothesis (gender bias) in which the exact direction of said bias is inconclusive—but seems

to differ according to pitch (see Table 5).

Creakiness ratings Hypothesis tested Hypothesis predictions
155Hz < 135Hz < 115 Hz Acoustic low-f0 < high-f0
M <F M < F F<M Gender M < F

Table 5: Summary of the listener creakiness ratings across median fO values and face genders
(for both voice qualities), with respect to the hypotheses and predictions tested.
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As perception work on creaky voice has expanded, the results have revealed reliable trends.
First, lower-pitched voices are perceived as creakier, which coincides with the acoustic literature
that finds stronger creaky voice correlates for men (whose voices are typically lower-pitched)
than for women (whose voices are typically higher-pitched). Second, briefly setting Li et al.
(2023) aside because it does not vary fO within gender, there is limited evidence in support of
stronger creak judgements for women. Collectively, the tendency to find more creak in actual/
perceived women’s voices compared to men’s is inconsistent in Davidson (2019a), which only
occurs in the first study, but not the subsequent replication; and in White et al. (2024), creak is
unlikely to occur in the real world, given that it is only observable if male and female voices are
matched at ambiguous pitch values. If anything, creak is weak in the current study and largely
dependent on pitch as well. Thus, perception studies are not at odds with production studies of
creaky voice. Rather, the perception of creaky voice in recent sociolinguistic and sociophonetic
studies relying on impressionistic coding is at odds with i) (almost) all previous acoustic studies
of creaky voice (e.g., Brown & Sonderegger, 2025; Gittelson, 2021; Klatt & Klatt, 1990); ii)
older sociolinguistic studies of creaky voice (in the U.K.), also relying on impressionistic coding
(e.g., Henton & Bladon, 1988; Stuart-Smith, 1999); and iii) to some degree, current systematic
perceptual sociophonetic studies of creaky voice (e.g., Davidson, 2019a; White et al., 2024).
Given this, the central question now shifts from explaining a production-perception mismatch in
creaky voice to explaining how so many recent sociolinguistic studies converge on increased creak
in women’s voices through impressionistic coding. What makes the perception of creaky voice in
recent impressionistic studies so different from both its acoustic realization and its perception in
older impressionistic studies and controlled perception studies? This paper argues that neither
a social gender bias nor an acoustic pitch-contrast bias fully accounts for the inflated perception
of creak in women’s voices. Identifying the source of conflict between diametrically opposed
findings on gendered creaky voice use has proven to be complex and multifaceted, requiring
further investigation. The rest of this discussion is dedicated to providing directions for future

sociophonetic research on creaky voice.

5.2 Questioning the validity of measures

If incongruent pitch-gender pairings subvert listener expectations, then how does this lead to
increased perception of creak? As mentioned above (Section 5.1), White et al. (2024) suggest
that this mechanism is related to low pitch with respect to the expected pitch of that gender.
Assuming that low pitch is an important cue to creaky voice, this proposal follows. What is not
so clear is why, in the current study’s results, a higher-pitched voice relative to expected pitch
of a given face gender might lead to increased perceived creakiness. One possibility is that
while our experiment (and potentially other creak perception experiments) was designed to

evaluate perceived creakiness, listeners may not clearly be basing their ratings on creakiness
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alone. Listeners could be integrating other perceptual judgements of gender non-conformity,
unnaturalness, or salience, for example, into their ratings. As a result, increased “creakiness”

could in theory reflect increased “weirdness” to listeners instead.

This paper highlights how the perceptual identification of creaky voice is subject to social,
cognitive or acoustic biases. It is worth noting, however, that existing acoustic studies also suffer
from methodologically heterogeneity. Altogether, they implement a varied range of acoustic
correlates to quantify/identify creaky voice: Some rely on one or two measures, usually low
fO or H1* —H2* (Pépiot, 2014; Loakes & Gregory, 2020; Syrdal 1996; Szakay, 2012; Szakay &
Torgersen, 2015); some argue for a minimum of two measures, H1* —H2* and CPP (Garellek &
Esposito, 2023; Seyfarth & Garellek, 2018); whereas others employ numerous measures (Brown
& Sonderegger, 2025; Hanson & Chuang, 1999; Iseli et al., 2007; Kuang, 2017; Lortie et al.,
2015), and even apply dimensionality-reduction methods (Johnson & Babel, 2023; Keating et
al., 2023a); and some others use automatic creak detection tools which can be variably based
on a single acoustic cue (Sebregts et al., 2023; Szakay & Torgersen, 2019) or multiple acoustic
cues (Irons & Alexander, 2016; Kuang, 2017). This is a testament to the lack of consensus on
the precise set of acoustic correlates to creak. The psychoacoustic model of voice (Kreiman et
al., 2014; Kreiman et al., 2021) (introduced in Section 2.2) describes various acoustic cues as
perceptually validated and individually necessary to the analysis of voice, and Keating et al.’s
(2023a) cross-linguistic multi-dimensional analysis of voice argues for even more cues to be
implemented. However, few perceptual studies thereafter (and even fewer perceptual studies of
creaky voice) have made use of all of these reportedly key parameters, usually selecting a subset
of these. As such, another possible explanation for the production-perception mismatch could
postulate that previous studies do not use acoustic measures that reflect perceptual creakiness
ratings. Perhaps dimensionality reduction methods could better integrate the various acoustic
measures, including those from the psychoacoustic model of voice, and better represent the multi-
dimensionality of the holistic percept of creaky voice. At the same time, some acoustic cues may
be less perceptually relevant to creak than presumed in previous acoustic studies (e.g., Huang,
2019; Keating et al., 2023b; Khan et al., 2015). Without more in-depth empirical examination of
this proposal, it cannot be certainly refuted. That said, given the abundance, breadth and varied
use of cues, as well as consistency in results of previous acoustic literature of creak, it would be
surprising if a slight modification to the method of analyzing acoustic measures would suddenly

result in opposite findings (i.e., those that would support more creak acoustically for women).

Another alternative is that the use of creaky voice varies by gender in a way that is not
captured by rates or averages used in previous studies and is more perceptually salient in women
than in men. Investigations into creaky voice thus far have largely been restricted to descriptions
of prevalence or average quantities of creak in the voice, often ignoring nuances in creaky voice

usage. Burin (2022), for instance, notes more variability in women’s production of creaky voice
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than in men’s in American English, and increased pitch variability for women is reported to be
widespread (e.g., Gisladottir et al.,, 2023). It is therefore conceivable that there exist gender
differences in creaky voice usage as a function of creak location, intensity, type, or variance, for
example. Whether these differences in use map to more perceptual salience remains empirically

understudied, however.

5.3 Effects of expectation, awareness, and salience

In traditional impressionistic studies of creaky voice (e.g., Henton & Bladon, 1988, Stuart-Smith,
1999), the social expectation was for men, older upper-class men in particular, to have creakier
voices. This expectation is in alignment with phonetic work corroborating this pattern in voice
acoustics (e.g., Klatt & Klatt, 1990) and voice articulation, indicating physiological differences
in vocal fold length and thickness as a function of gender (e.g., Hollien, 1974). Prior to the
early 21st century, social expectations and acoustic expectations of voice were compatible. As of
roughly 2010, it has become apparent that social expectations of voice have shifted to women
exhibiting creakier voices (at least among most North American, English-speaking communities),
despite a clear lack of evidence for any change in articulation (e.g., Zhang, 2021) or acoustics
(e.g., Brown & Sonderegger, 2025) over time. At present, it appears that social expectations of

voice conflict with phonetic expectations of voice.

Labov (1972) proposes a classification of sociolinguistic variables (i.e., socially-stratified
linguistic behavior) as a function of speaker/listener awareness. The concept of awareness is
then often attributed to salience of the linguistic variable (but see Jaeger & Weatherholtz, 2016,
for a more information theoretic model of salience as a function of surprisal, frequency, and
perceived social informativeness). Labov describes three levels of awareness: 1) indicators are
below the threshold of conscious awareness, never noticed by speakers/listeners; 2) markers
are typically perceived at least subconsciously as listeners can manipulate the variable usage
depending on context, suggesting implicit awareness of them; and 3) stereotypes are socially
marked (often stigmatized) features characterized by explicit awareness, usually subject to meta-
linguistic commentary. Considering this classification, creaky voice does not clearly fall under
one single level of awareness. In American popular discourse, creaky voice (better known as
vocal fry) is likely considered to be a stereotype associated with young women. Speaker and
listeners are highly conscious of it and are often advised to avoid using it due to its controversial
social evaluation. These strong opinions in the mainstream media have potential to influence
general perception of creaky voice but are less likely to be an entirely faithful representation
of widespread views of creak (see Coupland, 2014; Trudgill, 2014, for discussions of media
and language). More broadly, it seems that creaky voice could be considered a marker, used by
different social groups but often in a subconscious way, i.e., speakers are not fully aware that
they are using it. As such, it is possible that creaky voice variation by gender is twofold, acting

as a stereotype when women use it, but as a mere marker when men use it. In the current state
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of affairs, these pressures are both at odds, pulling creaky voice perception in two different
directions and obscuring direct gender effects (independent of f0) in this study. In fact, explicit
and implicit social evaluations might induce different perceptual behaviors and involve separate
cognitive processing (see Evans, 2008, for a review). From another perspective, Juskan’s first
necessary condition for effective priming is sufficient social salience of the variable (2016), and

conflicting social expectations might prevent the satisfaction of this condition.

Campbell-Kibler (2009) introduces a similar concept to this, sociolinguistic “bullet-proofing,”
showing that the social meaning of the variable (ING) (i.e., the use of —ing vs. -in) depends on
listeners’ perceptions of the speaker. While -ing is generally associated with higher intelligence
and -in with lower intelligence, this pattern only emerged for working-class non-Southerners.
Southerners were consistently rated as less intelligent regardless of their (ING) use, and middle-
to-upper class (non-Southern) speakers were effectively bullet-proof to any effect of (ING)
variation on perceived intelligence. This demonstrates that the social evaluation of linguistic
variation can differ greatly as a function of listeners’ expectations for/stereotypes about distinct
social groups. It is possible that men’s voices are bullet-proof to creaky voice use in the sense that
creaky voice use is not perceived as socially significant for them and is therefore somehow less

salient or perceptible to the listener.

Another possible explanation for the increase in reported creakiness in women’s speech found
in recent sociolinguistic studies is creaky voice in men may undergo perceptual normalization
due to its frequency, an automatic process that is below the level of consciousness. Because
creaky voice is acoustically common in men’s voices and listeners are frequently exposed to
instances of creak in men’s voices, its presence may be filtered out or perceived as less salient
(akin to exemplar-based categorization, see Drager & Kirtley, 2016, or Johnson, 1997). This
process would be comparable to reduced salience of creak in prosodically expected positions,
identified consistently less utterance-finally (Davidson, 2019a; Li et al., 2023). This could
make creaky voice in men less noticeable and thus under-identified in impressionistic coding,
artificially inflating the identification of creak in women’s speech. However, this account does
not explain why controlled perceptual experiments such as Davidson (2019a) do not similarly
show increased creak judgments for women. If creaky voice in men was genuinely less salient,
we might expect listeners in these perception studies to rate male voices as less creaky overall.
Given that the opposite occurs, normalization effects alone are not sufficient to account for the
gender asymmetries found in impressionistic sociolinguistic studies and controlled perceptual

experiments.

5.4 Limitations of the current study
Participant demographic characteristics were not considered in this analysis, following Davidson’s
(2019a) finding that listener gender did not affect creaky voice identification and White et al.’s

(2024) concurring decision not to account for listener effects. There is some evidence, however,
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that listener characteristics can influence perception (e.g., Yu & Zellou, 2019, among others).
Preliminary empirical plots by listener gender and age are provided in figures A16, A17 and A18
(Appendix A) and suggest a possible gender effect whereby female listeners are more likely to
rate voices as creakier than male listeners, but no consistent effects of age. As such, the inclusion
of listener demographic information in formal modelling of creaky voice ratings may allow for a

more thorough understanding of creaky voice perception.

In addition, closer examination of the stimuli and questionnaire data from the creak
experiment provided some useful information about how participants perceived the stimuli and
felt about the experiment. Generally, participants did not find the task to be very difficult. A
few participants noted that the voices did not match the faces or that they ignored the faces
entirely, suggesting that they may have been less influenced by the face gender primes. This
could explain the weak face gender effect observed in this study. Other participants remarked
that the voices/audio sounded a bit unnatural, distorted or noisy, which could be concern for
the ecological validity of the stimuli. The Praat “Change gender” function did seem to introduce
some distortion into the voice signal (both the original recordings and manipulated stimuli can
be accessed on the OSF page), possibly leading some listeners to identify creakiness even in
the modally-voiced utterances as seen in Figure 4 above. The modal stimuli also appeared to
be produced at a slightly faster speech rate than the creaky stimuli (see Figure A5 in Appendix
A), which could facilitate creak (Brown & Sonderegger, 2025), also potentially contributing to
the somewhat creaky-rated modal stimuli. As a result, differences in creakiness ratings between

modal and creaky stimuli may be less pronounced.

Moreover, in the questionnaire data, a few participants shared that they were familiar
with creaky voice; one participant explicitly stated their dislike for it. However, a systematic
assessment of listeners’ attitudes towards creak, or their stereotypes about it prior to participation
in the experiment, was not included in this study. At present, it has not yet been empirically
demonstrated that Canadian English listeners hold the same social biases as American English
listeners, potentially explaining weaker face gender priming in the current study. There is
some evidence (also from a matched-guise face priming design) that Canadian English listeners
differ in their perception of speech and stereotypes compared to American English listeners
(Kutlu et al., 2022). Nevertheless, it has been shown that Canadian listeners do hold similar
negative judgements of women who use creaky voice (Goodine & Johns, 2014) as American
listeners (e.g., Anderson et al., 2014). Narratives promoting criticism of creaky voice are likely
to reach Canadian audiences due to the pervasive influence of American media complemented by
coverage in mainstream Canadian outlets and internet blogs/op-eds (e.g., Chattopadhyay, 2015;
Weber, 2017). Furthermore, the training phase itself may have affected participants’ responses.
The presentation of two stereotyped and comparably extreme examples of creak could have

inadvertently raised the perceptual threshold for what counts as creaky, possibly decreasing
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sensitivity to local and/or more subtle instances of creak. On the other hand, although our
description of creaky voice deliberately avoided reference to low fO/pitch, participants still

tended to associate lower fOs with greater creakiness, which supports the reliability of this effect.

It is also possible that some of the ambiguous voices and their pairings with some of the
faces could have led to transgender or non-binary gender voice percepts. Gender expectations
and stereotypes related to transgender and non-binary creaky voice use remain severely
understudied (Eckert & Podesva, 2021), and the few studies that do exist present opaque results.
As a consequence, it is unclear how and to what extent these might impact listener creakiness
ratings. Becker et al. (2022) find that creaky voice variation is only predicted by gender in
interaction with speech style and hypothesize that larger style-shifts amongst non-binary AFAB
individuals on testosterone and trans men (regardless of hormonal status) may be attributable to
an avoidance of features ideologically associated with cis women’s speech. This study’s findings
are indicative of the complex relationship between creaky voice use and projections of personal

identity (with respect to gender in this case).

By the same token, it is possible that the (often negative) stereotypes surrounding young
women’s creaky voice are not specific to creaky voice, but rather to a particular persona. The
combination of individual meaningful elements (e.g., linguistic features) to construct a more broad
and complex meaningful entity (e.g., a persona) is referred to as bricolage within the domain of
third-wave sociolinguistics (Eckert, 2008; originating from fields of sociology and anthropology,
Hebdige, 1984; Lévi-Strauss, 1962). In Podesva’s (2007) study of a young gay doctor’s speech, he
determined that this speaker made use of extensive falsetto voice quality (greater duration, fO range
and maximum), exaggerated stop releases (longer and more intense bursts), and lexical choices
(e.g., “dear”) to form a so-called diva persona. Likewise, in some cases, creaky voice may be used
concurrently with other sociolinguistic variables to construct specific personae. Generalization
towards exact personae is not clear at present: Creaky voice has been proposed to be linked to
the indexation of character or affective traits like aloofness, disengagement, and negativity (e.g.,
Podesva, 2018; Pratt, 2018), but also to upward-mobility, authority, and toughness (e.g., Dilley et
al., 1996; Mendoza-Denton, 2011; Yuasa, 2010). For instance, creaky voice in combination with
uptalk and the use of “like” as a discourse marker could convey a persona of a ditzy Millennial or
Gen Z woman, whereas in combination with low modal pitch and slow speech rate it could convey
the entirely different persona of a confident businesswoman. The distinct personae, instead of
creaky voice use specifically, could also prompt different social and affective evaluations by

listeners, influencing their perception of creaky voice in a variety of ways.

6. Conclusion

This study found evidence that speaker fO affects the perception of creaky voice, with low fOs

increasing creakiness ratings even within a gender-neutral pitch range with gender-neutral
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formant structure. While face gender primes did not independently influence creakiness ratings,
subtle interactions between perceived face gender and fO suggest that socio-physiological
expectations may shape listener judgements to some extent, especially when pitch and gender
cues are incongruent. These effects were weak at best, however, failing to provide convincing
evidence for a robust social gender bias in creaky voice perception. Crucially, our findings do
not support the notion that increased creak perception in women’s voices can be explained by a
widespread gender bias or an acoustic bias alone. Instead, they point to a more complex interplay
between acoustic cues and social expectations, one that may be contingent on methodological
decisions, listener awareness and/or the salience of gendered voice norms. Alongside previous
systematic production and perception studies of creaky voice, the present results demonstrating
a marked lack of empirical evidence for greater perception of creakiness in women’s voices cast
further doubt on the pervasive narrative—perpetuated in popular discourse and recent influential
sociolinguistic studies—that women are often creakier. From a methodological standpoint, these
findings raise important questions about impressionistic coding practices in analyses of voice,

especially when divorced from acoustic or perceptual validation.

Broadly, this paper explores how acoustic and social cues to speaker identity can influence
listener voice perception. It highlights the limitations of phonetically-grounded but socially
agnostic models of voice perception, advocating for more nuanced approaches that integrate
acoustic and social information into cognition. By bringing together acoustic, perceptual, and
social dimensions of speech, we can better understand how creaky voice manifests in production,

molds listener judgements, and reveals broader patterns of language use and social meaning.
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