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Abstract

Sound symbolism is a non-arbitrary correspondence between sound and meaning. The majority of
studies on sound symbolism have focused on consonants and vowels, and the sound-symbolic proper-
ties of suprasegmentals, particularly phonation types, have been largely neglected. This study examines
the size and shape symbolism of four phonation types: modal and creaky voices, falsetto, and whisper.
Japanese speakers heard 12 novel words (e.g., /íbi/, /ápa/) pronounced with the four types of phona-
tion and rated the size and roundedness/pointedness each of the 48 stimuli seemed to represent on
seven-point scales. The results showed that phonation types as well as consonantal and vocalic features
influenced the ratings. Creaky voice was associated with larger and more pointed images than modal
voice, which was in turn associated with larger and more pointed images than whisper. Falsetto was
also associated with roundedness but not with smallness. These results shed new light on the acoustic
approaches to sound symbolism and suggest the significance of phonation types and other supraseg-
mental features in the phenomenon.

Keywords: Sound symbolism; Iconicity; Bouba-kiki effect; Phonation; Voice quality

1. Introduction

In the last century, it was widely assumed that the relationship between the form and mean-
ing of linguistic signs is essentially arbitrary (de Saussure, 1916). For example, what is called
dog in English is called Hund in German and inu in Japanese, both phonologically dissimi-
lar to dog. However, numerous linguists and psychologists now acknowledge the ubiquity of
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non-arbitrariness in the lexicon and discuss its role in the typology, acquisition, and evolution
of language (Imai & Kita, 2014; Nielsen & Dingemanse, 2020; Perlman & Lupyan, 2018).

Sound symbolism is “the direct linkage between sound and meaning” (Hinton, Nichols,
& Ohala, 1994, p. 1) that typically involves “iconicity,” perceived resemblance between the
signifier and the signified (Emmorey, 2014; Peirce, 1932). An enormous number of experi-
mental studies have tested the iconic correspondences between segmental sounds (e.g., con-
sonants and vowels) and visual images (for a review, see Lockwood & Dingemanse, 2015).
For example, front and back vowels (or high and low vowels) are known to evoke smaller
and larger images, respectively, as exemplified by Sapir’s (1929) non-word pair mil and mal.
Studies since Köhler (1929, 1947) have shown that sonorant and obstruent consonants, illus-
trated by maluma and takete, are associated with rounded and pointed shapes, respectively
(for a fine-grained examination of the maluma/takete effect (aka “the bouba/kiki effect” since
Ramachandran & Hubbard, 2001), see Nielsen & Rendall, 2011; Nobile, 2015). Some recent
studies suggest that even infants might be sensitive to these sound-symbolic mappings (Asano
et al., 2015; Peña, Mehler, & Nespor, 2011; but see Fort et al., 2018).

Sound symbolism is not unique to non-words. Ideophones, such as English onomatopoeia
(e.g., bowwow, kaboom) and Japanese mimetics (e.g., nikoniko “smiling,” dokin “one’s heart
thumping”), are considered sound-symbolic lexemes whose phonological forms imitate sen-
sory meanings. Moreover, large-scale cross-linguistic studies have demonstrated that even
some non-ideophonic basic words involve non-arbitrary sound–meaning correspondences.
For example, Johansson, Anikin, Carling, and Holmer (2020) identified such correspondences
between the nasal consonant /n/ and the concept “nose” (e.g., hana in Japanese, núːsnu in Nez
Perce) and between the voiceless velar stop /k/ and the concept “hard” (e.g., katai in Japanese,
kəwa in Estonian).

These sound-symbolic correspondences can be iconic in that they appear to have an articu-
latory or acoustic basis. For example, the size of the oral cavity is smaller in the articulation of
/i/ than in the articulation of /a/, and this articulatory contrast may contribute to our perception
of size sound symbolism. Another possible motivation for size sound symbolism is acoustic.
According to Ohala’s (1984) “frequency code hypothesis,” high/low acoustic frequency is
innately associated with a small/large vocalizer as illustrated by animals (e.g., chicks vs. ele-
phants) and musical instruments (e.g., violas vs. contrabasses). As the F2 of /i/ is higher than
that of /a/, the symbolic values of these vowels match the frequency code. Consonants’ shape
symbolism also has acoustic motivations. Sonorants (e.g., maluma) involve smoother air pres-
sure changes than obstruents and, therefore, are readily associated with rounded shapes.

The current paper investigates a neglected aspect of speech sound in the context of sound
symbolism: phonation types. Phonation is “the production of sound by the vibration of the
vocal folds” (Keating & Esposito, 2006, p. 1) or, more precisely, “the use of the laryngeal
system, with the help of an airstream provided by the respiratory system, to generate an audi-
ble source of acoustic energy that can then be modified by the articulatory actions of the rest
of the vocal apparatus” (Laver, 1994, p. 184; see also Laver, 1980). Natural speech involves
various types of phonation, from modal (normal) to creaky voice (aka vocal fry, a very low
voice one often uses at the end of an utterance with falling intonation), breathy voice (aka mur-
mured voice, a sigh-like voice that leaks more air than modal voice), harsh voice (aka pressed
voice, a type of voice one uses when carrying something heavy), whisper (a voiceless sound
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one uses when speaking quietly), and falsetto (a type of voice one uses when singing notes
beyond the pitch range of one’s modal voice). Creaky and breathy voices are phonemic (i.e.,
are used to distinguish different meanings) in some languages (Gordon & Ladefoged, 2001),
but even languages without a phonemic creaky or breathy voice may use marked phonation to
indicate attitude, personality, or emotion. For example, English speakers sometimes whisper
the interjection wow ([{W waʊW}], with a whispered phonation) to stress their surprise. The
current study explores the sound-symbolic properties of phonation types and their general
implications for the mechanisms underlying sound-symbolic perceptions.

This paper is organized as follows. Section 2 summarizes selected previous studies on the
functions of marked phonation types. Sections 3 and 4 report on experiments on the sound
symbolism of four phonation types in the domains of size and shape. Section 5 concludes this
paper by briefly discussing the acoustic basis for both segmental and suprasegmental sound
symbolism.

2. Previous studies

The majority of sound symbolism studies focus on segments, and the sound symbolism
of suprasegmentals, including phonation types, has not been extensively investigated (for
rare exceptions, see Dingemanse, Schuerman, Reinisch, Tufvesson, & Mitterer, 2016; Lacey
et al., 2020; Nygaard, Herold, & Namy, 2009; Perlman, Dale, & Lupyan, 2015). However, the
non-arbitrary uses of some phonation types have been repeatedly noted in the phonetic and
sociolinguistic literature, not necessarily in relation to sound symbolism (see Esling, Moisik,
Benner, & Crevier-Buchman, 2019; Laver, 1994).

Winter and Grawunder (2010) report on their role-play experiments in which female, but
not male, Korean speakers used more breathy voice in formal settings than in informal set-
tings (see also Brown, Winter, Idemaru, & Grawunder, 2014; Hübscher, Borràs-Comes, &
Prieto, 2017). Breathy voice is also common in heroes, but not villains, in Japanese animation
(Teshigawara, 2003; see also Starr, 2015). Yuasa (2010) shows that American undergradu-
ates perceive female creaky voice as not only “hesitant, non-aggressive, and informal but
also educated, urban-oriented, and upwardly mobile” (p. 315), while Anderson, Klofstad,
Mayew, and Venkatachalam (2014) provide supplementary data that suggest that American
adults, especially women, perceive female creaky voice as “less competent, less educated,
less trustworthy, less attractive, and less hirable” (p. 5). All these phonational characteristics
are “indexical,” rather than iconic, of particular communicative intention (e.g., politeness) or
personality traits (e.g., upward mobility) in the sense that they point to or signal these internal
properties. Indexical sounds are often placed outside the scope of sound symbolism research
(cf. Hinton et al., 1994; Sidhu & Pexman, 2018), and the same was true for these indexical
uses of phonation.

Studies on ideophones provide related insights. Ideophones are often uttered with marked
phonation (Childs, 1994, p. 184). For example, Dingemanse and Akita (2017, p. 510) show
that in an interview about the Great East Japan Earthquake in 2011, a Japanese speaker pro-
nounced the adverbial ideophone paat-to “with a rush” as [pḁ:t:o] (with a voiceless vowel)
to vividly depict her dog running away from the tsunami into the house. We can interpret
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that this special phonation represents the dog’s fast, quiet movement and perhaps the tense
situation. Dingemanse and Akita report that approximately 30% of adverbial ideophones in
their interview data involved marked phonation (“phonational foregrounding” in their terms).
Similar iconic uses of phonation are noted for quotations, in which the speaker can mimic the
voice quality of the quoted speech (Clark & Gerrig, 1990, p. 775).

The current study experimentally investigates the iconic properties of three marked phona-
tion types—creaky voice, falsetto, and whisper—in two well-studied semantic domains: size
and shape. Despite the primarily exploratory nature of the experiments, the acoustic properties
of the three phonation types allow us to predict some of their sound-symbolic values. Specif-
ically, the frequency code predicts that creaky voice, which is a particularly low-frequency
sound, is associated with large size, whereas falsetto and whisper, which are high-frequency
sounds, are associated with small size. Moreover, the audible pulses creaky voice makes may
be readily associated with pointed shapes, whereas the smooth pressure changes in falsetto
may evoke rounded images.

3. Experiment 1: Size sound symbolism

We conducted an online experiment with native speakers of Japanese, a language in which
none of the three types of marked phonation are phonemic (e.g., [inɯ] (modal) and [ḭn̰ɯ̰]
(creaky) both mean “dog”). The participants listened to novel size words and rated the size
they seemed to represent (for a similar experimental design, see Shinohara & Kawahara,
2016).

3.1. Participants

Forty-one Japanese monolinguals participated in the experiment (female = 23, male = 18;
age = 19–73, M = 38.27, SD = 14.04). They were recruited through CrowdWorks, a crowd-
sourcing service in Japan. They gave informed consent before starting the experiment. At the
end of the experiment, they were asked whether they knew or heard about “sound symbolism”
or “the bouba-kiki effect.” One participant answered yes and was not included in the current
dataset of 41 participants. All participants were paid 400 JPY for their participation.

3.2. Stimuli

Forty-eight audio stimuli were created. They all consisted of two identical vowels and a
consonant in between (i.e., /V1CV1/), which constitute a common word structure in Japanese.
The vowels were either /i/ (unrounded high front) or /a/ (unrounded low non-front; more
precisely, the Japanese low central vowel /ä/), and the consonant was either a voiced (/b, d, ɡ/)
or voiceless stop (/p, t, k/). A male Japanese speaker pronounced these 12 phoneme sequences,
listed in Table 1, in four distinct phonation types: modal and creaky voices, falsetto, and
whisper. Breathy voice, another frequently mentioned phonation type, was also recorded but
not included, as a Japanese speaker who checked the quality of the stimuli found it hard to
distinguish from modal voice. All stimuli were pronounced with an initial accent: the first
mora was higher-pitched than the second mora. The variations in word length and intensity
were kept minimum. The whole stimulus set is available at https://osf.io/jghs2/.

https://osf.io/jghs2/
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Table 1
The stimulus words. Each of the 12 words was pronounced in four phonation types: modal and creaky voices,
falsetto, and whisper. They all had an initial pitch accent

Voiced Voiceless
Bilabial Alveolar Velar Bilabial Alveolar Velar

/i/ /íbi/ /ídi/ /íɡi/ /ípi/ /íti/ /íki/
/a/ /ába/ /áda/ /áɡa/ /ápa/ /áta/ /áka/

According to previous studies (e.g., Shinohara & Kawahara, 2016), Japanese speakers asso-
ciate non-front vowels (e.g., /a/) and voiced obstruents (e.g., /b/) with larger images than front
vowels (e.g., /i/) and voiceless obstruents (e.g., /p/). It has also been suggested that obstruent
voicing plays a particularly important role in the sound-symbolic system of Japanese (Akita
& McLean, 2021; Kawahara, Noto, & Kumagai, 2018; Saji, Akita, Kantartzis, Kita, & Imai,
2019). Keeping segmental properties consistent and manipulating acoustic parameters, the
present stimulus set allows us to see whether phonation types influence Japanese speakers’
sound-symbolic intuition and, if so, how strong the influence may be in comparison with these
previously documented cases of segmental sound symbolism.

3.3. Procedure

The experiment was conducted on a Google Form. The participants read the following
instructions on the first page (for the original instructions in Japanese, see the supplementary
material):

In this experiment, you’ll hear a language that is spoken somewhere in the world. This
language has as many as 48 words that describe size. Please guess the size each word
represents from their sound alone and rate it on a 7-point scale from 0 “extremely small”
to 6 “extremely large.” The same speaker pronounces all sounds. You may listen to the
sounds as many times as you like, but you don’t need to think too much. Please just trust
your intuition.

The participants were asked to wear headphones or earphones and stay alone in a quiet
room during the experiment. They were also asked to listen to a sentence meaning “Please
adjust the volume on your computer” to adjust the volume on their computer and not to change
it during the experiment.

The 48 stimuli were presented randomly, with one on each page. The Google Form required
the participants to rate all stimuli.

3.4. Results

The sound-symbolic effects of both segmental and phonational features were obtained.
Fig. 1 shows the distribution of the ratings by phonation type and vowel quality.
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Fig. 1. Size ratings (from extremely small to large) by phonation type and vowel quality. The jitters represent the
distribution of the ratings, and the width of violins corresponds to their relative density on the scale. The white
squares are the means. Although /a/ tended to be associated with larger images than /i/, the ratings were more
dependent on the phonation types. Creaky voice tended to be rated particularly large, and whisper particularly
small.

Using the “ordinal” package (Christensen, 2019) on R version 4.0.4 (R Core Team, 2021),
a cumulative link mixed model analysis was run, with size rating as the response variable
and phonation type, vowel quality, obstruent voicing, and place of consonant articulation
as fixed effects (no interactions considered). Random intercepts were included for stimulus
and participant and a random slope for phonation type by participant. The model is given in
Table 2.

Replicating the previous findings, /a/ was judged as larger than /i/ (p < .001). More cru-
cially, the creaky voice was rated as larger than modal voice (p < .01), which was in turn rated
as larger than whisper (p < .001). No significant difference was obtained between modal
voice and falsetto (p = .28). The estimated coefficients suggest that whisper has a particu-
larly strong sound-symbolic effect among these phonetic properties. Interestingly, the effect
of obstruent voicing, which is known to play the central role in the Japanese sound-symbolic
system, did not reach statistical significance (p = .18). This result is presumably attributed to
the weakened voicing contrast in the present stimuli. Creaky voice made the voiceless stops
partly voiced, and whisper made the voiced stops voiceless.
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Table 2
The cumulative link mixed model for size ratings. The baseline is /ába/ (/a/, voiced bilabial) pronounced in modal
voice. /i/ and whisper tended to be rated smaller, and creaky voice larger

Estimate SE z p

Vowel /i/ −1.23 0.19 −6.56 < .001
Consonant Voiceless −0.25 0.19 −1.35 .18

Alveolar 0.03 0.23 0.12 .90
Velar −0.24 0.23 −1.06 .29

Phonation type Creaky 0.80 0.27 2.96 < .01
Falsetto −0.35 0.32 −1.08 .28
Whisper −3.79 0.40 −9.40 < .001

3.5. Discussion

The current results suggest that phonation types do matter in sound symbolism. Given that
actual speech uses diverse phonational types, the previously attested sound–meaning corre-
spondences might be better viewed as idealized results that are more or less different from
our sound-symbolic intuition in actual communication. Despite the novelty of the current
findings, the sound symbolism of each phonation type is largely consistent with the existing
approaches to sound symbolism. The largeness of creaky voice and the smallness of whis-
per serve as new evidence for the frequency code hypothesis (see Section 1). Since creaky
voice has a low fundamental frequency (F0; Gordon & Ladefoged, 2001), it obtains a large
image via the frequency code. Whisper is voiceless, and voiceless sounds have higher acous-
tic frequency than their voiced counterparts. Thus, the frequency code assigns a small image
to whisper. However, the frequency code fails to account for the intermediate size ratings for
falsetto. Falsetto has a higher F0 than modal voice, and the frequency code would associate it
with smallness.

Another possible account of part of the present results would refer to pressure variations.
Whisper involves small pressure variations (i.e., a narrow amplitude range with a low max-
imum amplitude), which may be associated with a small image. In fact, Japanese describes
high- and low-amplitude sounds as ōkii oto “big sound” and chı̄sai oto “small sound,” respec-
tively, and these conventional sound–meaning links may have helped the participants to get
large and small images. This acoustic account is also compatible with the not-so-low size
ratings for falsetto, which tends to have high amplitude. To further illuminate the sound-
symbolic values of these phonation types, the next section examines another semantic domain.

4. Experiment 2: Shape sound symbolism

We conducted another online experiment using the same setting as Experiment 1. Japanese-
speaking participants rated the roundedness/pointedness of the 48 novel shape words seemed
to represent.
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Fig. 2. Shape ratings (from extremely rounded to pointed) by phonation type and vowel quality. /a/ tended to be
rated more rounded than /i/, while creaky voice tended to be judged as pointed; falsetto and whisper tended to be
judged as rounded.

4.1. Method

Forty-two Japanese monolinguals (female = 26, male = 16; age = 21–65, M = 35.12,
SD = 9.73) were recruited through CrowdWorks. None of them participated in Experiment
1 or reported that they knew sound symbolism or the bouba-kiki effect. They were paid 400
JPY for their participation.

The same stimulus set as Experiment 1 was used. The participants rated the 48 stimuli
on a seven-point scale from 0 “extremely rounded” to 6 “extremely pointed” (for the actual
instructions, see the supplementary material). Previous studies on shape sound symbolism
allow us to expect /a/ and the bilabials /b, p/ to receive more “rounded” ratings than /i/ and the
alveolars /d, t/ and velars /ɡ, k/ (D’Onofrio, 2014; Nielsen & Rendall, 2011; Nobile, 2015).

4.2. Results

Again, we obtained the effects of both segmental and suprasegmental features as shown in
Figs. 2 and 3.

A cumulative link mixed model analysis was run, with shape rating as the response vari-
able, the phonational, consonantal, and vocalic features as fixed effects, and stimulus and
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Fig. 3. Shape ratings (from extremely rounded to pointed) by phonation type and place of consonant articulation.
The bilabial consonants tended to be rated more rounded than the velar consonants.

Table 3
The cumulative link mixed model for shape ratings. The baseline is /ába/ (/a/, voiced bilabial) pronounced in
modal voice. /i/, velars, and creaky voice tended to be rated more pointed, and falsetto and whisper more rounded

Estimate SE z p

Vowel /i/ 0.69 0.12 5.98 < .001
Consonant Voiceless −0.19 0.11 −1.67 .09

Alveolar 0.23 0.14 1.64 .10
Velar 0.43 0.14 3.07 < .01

Phonation type Creaky 0.93 0.21 4.35 < .001
Falsetto −1.33 0.32 −4.17 < .001
Whisper −0.90 0.28 −3.26 < .01

participant as random effects, with a random slope for phonation type by participant. The
model is detailed in Table 3.

As expected, the high front vowel /i/ was associated with more pointed shapes than the
low non-front vowel /a/ (p < .001). The rating contrast between the bilabials and the velars
(p < .01) is also consistent with the previous findings. Creaky voice was associated with
more pointed shapes than modal voice (p < .001), which was in turn rated as more pointed
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Fig. 4. Waveforms of /ápa/ in the four types of phonation. Creaky voice creates audible irregular pulses. Falsetto
involves seemingly smooth pressure changes. Whisper creates limited pressure variations.

than falsetto (p < .001) and whisper (p < .01). The effect of obstruent voicing was again not
significant (p = .09).

4.3. Discussion

The different shape ratings obtained for the four types of phonation are interpretable in
terms of the pressure variations they create (Fig. 4). Creaky voice involves irregular vocal fold
vibration that causes irregular pulses, a likely source of a pointed image. In contrast, having
high F0, falsetto causes a seemingly gradual change in pressure, which is readily associated
with a rounded image. The roundedness of whisper is presumably ascribable to the consistent
absence of pressure variations. Taken together with Experiment 1, it appears to be safe to
conclude that, as with segmental symbolism, phonational symbolism has an acoustic basis.

5. General discussion

In this paper, we have opened up a new area of sound symbolism research by reporting
on our first explorations in iconic phonational symbolism. The two experiments revealed
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that phonation types make a considerable contribution to Japanese speakers’ sound-symbolic
ratings of size and shape. We argued that phonational symbolism has relatively clear acous-
tic grounds and, therefore, reinforces the acoustic, rather than articulatory, accounts of sound
symbolism. Generally, acoustic phonetics enables us to discuss segmental and suprasegmen-
tal features within the same framework and arrive at broad, fundamental generalizations that
may be applied cross-linguistically. In this respect, it will be worthwhile to extend the cur-
rent study to other suprasegmental features, such as pitch range, loudness, speech rate, and
rhythm. Since, in our everyday conversation, we say the same word with various supraseg-
mental adjustments, scrutinizing the sound-symbolic relevance of suprasegmentals will mean
approaching the reality of sound symbolism in human language.

To be more specific, the relatively limited significance of voicing, a central segmental fea-
ture in Japanese sound symbolism, observed for size and shape sound symbolism suggests
that suprasegmental symbolism can override segmental symbolism. Moreover, the greater
sound-symbolic significance of amplitude than F0 observed for the size symbolism of falsetto
indicates that suprasegmentals may reveal unknown aspects of sound symbolism. Thus, the
consideration of suprasegmentals may allow us to discover what we cannot easily discover in
segmental symbolism.

Furthermore, it will be worth discussing whether the observed phonational symbolism is
universal or language-specific. The likely acoustic basis of the sound–meaning mappings sug-
gests their cross-linguistic availability. However, given the language- or culture-specificity of
some indexical uses of marked phonation, such as female Americans’ creaky voice (Sec-
tion 2), the iconic values of phonation types might also differ from language to language.

Finally, it is expected that two more approaches will advance the study of phonational (and
other types of suprasegmental) symbolism. One is a lexical-typological approach. The present
study targeted speakers of Japanese, in which the four phonation types are not phonemically
distinctive. A lexical survey in languages with phonemic breathy or creaky voice (e.g., Newar,
Jalapa Mazatec) might reveal the lexical uses of phonational symbolism. For example, words
for large concepts might be more likely than words for small concepts to contain creaky voice.
The semantic properties of phonationally marked ideophones (see Section 2) will also be
worth close attention. The other possible approach to phonational symbolism is an acoustic
one. The current study used descriptive categories for phonation types. Employing a set of
specific acoustic measures will make a more fine-grained observation possible (see Lacey
et al., 2020; Perlman & Lupyan, 2018).
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Notes

1. There will be at least two other possible mechanisms for the sound symbolism of the
observed phonation types: the indexicality of individuals typically using these phonation
types and the iconicity of situations in which these phonation types would be used (Sidhu
& Pexman, 2018).

2. Johansson et al. (2020) explored the sound–meaning correspondences in the words for
344 near-universal concepts in 245 languages that represent 245 language families. In
their database, we can find phonemic creaky voice in only one large property word
([waj ̰at] “deep” in Nez Perce (Sahaptian, North America)) and two small property words
([taʔaw̰] “empty” and [hɪcaaw̰ɪc] “light (of weight)” in Nez Perce).
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