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ABSTRACT:
Ever since de Saussure [Course in General Lingustics (Columbia University Press, 1916)], theorists of language

have assumed that the relation between form and meaning of words is arbitrary. However, recently, a body of

empirical research has established that language is embodied and contains iconicity. Sound symbolism, an intrinsic

link language users perceive between word sound and properties of referents, is a representative example of

iconicity in language and has offered profound insights into theories of language pertaining to language processing,

language acquisition, and evolution. However, on what basis people detect iconicity between sound and meaning has

not yet been made clear. One way to address this question is to ask whether one needs to be able to hear sound to

detect sound symbolism. Here, it is shown that (1) deaf-and-Hard-of-Hearing (DHH) participants, even those with

profound hearing loss, could judge the sound symbolic match between shapes and words at the same level of

accuracy as hearing participants do; and (2) restriction of articulatory movements negatively affects DHH

individuals’ judgments. The results provided support for the articulatory theory of sound symbolism and lead to a

possibility that linguistic symbols may have emerged through iconic mappings across different sensory modality—in

particular, oral gesture and sensory experience of the world in the case of speech.
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I. INTRODUCTION

Where does the sound-meaning relationship of a word

come from? In a long tradition of linguistics, it has been

assumed that language-specific conventions create arbitrary

association between linguistic forms and meanings

(Hockett, 1960; de Saussure, 1916). However, words that

sound like what they mean have also been recognized. For

example, people associate novel words with high front vow-

els, such as /i/ (e.g., “mil”), with a small object, and words

with low back vowels (e.g., “mal”) with a large object

(Sapir, 1929). People also associate words such as

“maluma” and “bouba” with rounded objects and words

such as “takete” and “kiki” with spiky objects (K€ohler,
1929; Imai et al., 2015). This shape sound symbolism is rec-

ognized by adult speakers of a broad range of languages

(Cuskley and Kirby, 2013; Spence, 2011). In traditional lin-

guistics, these intrinsic form-meaning relationships are

considered to be a “peripheral” feature of language

(Newmeyer, 1992).

However, recent psychological and neuroscientific

research has established that iconicity, which is perceived

form-meaning resemblance in language that underlies many

cases of sound symbolism, has a broad impact on language

(Perniss and Vigliocco, 2014; Imai and Kita, 2014). Sound

symbolic words make language processing more efficient

(Perniss et al., 2010). Infants who have not begun active

word learning could recognize shape sound symbolism

(Asano et al., 2015; Ozturk et al., 2013), and sound symbol-

ism facilitates infants’ and toddlers’ word learning (Imai

et al., 2008; Imai et al., 2015; Kantartzis et al., 2011). Given
these findings, some researchers argue that iconicity is a

design feature of language (Perniss and Vigliocco, 2014;

Dingemanse et al., 2015; Dingemanse et al., 2020).
Thus far, the importance and pervasiveness of sound

symbolism in languages have been empirically demon-

strated in a number of studies (Voeltz and Kilian-Hatz,

2001; Bremner et al., 2013). However, the essential ques-

tions pertaining to the psychological and biological mecha-

nism of sound symbolism sensitivity—e.g., how the sense of
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iconicity between word sound and meaning arises—have

not yet been uncovered.

Widely recognized sound symbolism may arise from

iconicity between sound and properties of the referents of

words (Ramachandran and Hubbard, 2001; Sidhu and

Pexman, 2018). There are two major non-mutually exclu-

sive hypotheses regarding the mechanisms underlying such

iconicity behind sound symbolism. First, sound symbolism

could arise because people sense similarity between proper-

ties of the referent of a word and acoustic features of speech

sounds (the acoustic account; Hinton et al., 1994; Ohala,
1984). An alternative major account is the articulatory

account, which maintains that properties of the referent and

articulatory movements for speech production are associated

with each other (Sapir, 1929; Ramachandran and Hubbard,

2001; Margiotoudi and Pulverm€uller, 2020).1

Although a number of researchers have discussed the

possibility of the two accounts, there is no definitive evi-

dence for the acoustic or articulatory account. In fact, it may

not be feasible to isolate the effect of only one of the

accounts. For example, the roundness symbolism of sonor-

ant consonants, such as /w, j, ɹ, m/, can be caused by the rel-

atively smooth airstream felt in the vocal tracts

(articulation) and gradual amplitude change (acoustics)

involved in these sounds. Furthermore, articulatory move-

ments are often reflected in acoustic changes (e.g., a slow

articulatory movement generates a slow-changing acoustic

signal). In this sense, what is needed in the field may not be

to determine which of the two hypothesis is correct.

In this research, instead of attempting to determine

which of the two hypotheses is correct, we aim to investi-

gate whether there is evidence for the idea that sound sym-

bolism can arise from iconicity between articulatory

movement and a visual property of objects. As the articula-

tory hypothesis and acoustic hypothesis are not mutually

exclusive, providing such proof should not be taken as evi-

dence against the acoustic hypothesis. However, the articu-

latory hypothesis is important in that it can broaden our

discussion on sound symbolism beyond mere iconic map-

ping between sound and other sensory properties. Humans,

from infancy, sense iconicity between different sensory

modalities such as size and brightness (Walker and Walker,

2016) or tactile and color (Ludwig and Simner, 2013). If we

can establish that articulatory movements are a critical fac-

tor, if not a sole factor, in sound symbolism, this allows us

to account for sound symbolism as arising from a bias (pref-

erence) in mapping between different modalities, which

may not solely depend on the ability to hear speech sound.

An effective way to test this possibility is to examine

whether people with severe hearing loss could detect sound

symbolism and to whom acoustic information for sound

symbolism is unavailable or, at best, severely limited. If the

articulatory movement plays a critical role in sound symbol-

ism detection, then deaf individuals, even those with pro-

found hearing loss, should be able to recognize sound

symbolism in novel words in a way that is similar to how

hearing individuals do, relying on iconicity between the

movement of articulatory organs and referents. In the study

by Eberhardt (1940), deaf children who were orally edu-

cated to speak English could correctly judge the meaning of

antonym pairs. They were visually presented with phonetic

descriptions of antonym pairs that they have not acquired,

yet, and the meanings of the anonyms. The antonyms may

be English word pairs, such as “long” and “short,” or foreign

language word pairs, such as “breit (wide)” and “eng

(narrow)” in German. They pronounced the word pairs and

then judged which word had which meaning. Their judg-

ment was correct above chance. In addition, Eberhart inves-

tigated if orally educated deaf children could sense the

vowel-size sound symbolism of Sapir (1929). Although deaf

children placed some of the vowels in different places in the

hierarchy of size connotation, overall, they associated high

front vowels to small objects and back vowels to large

objects, similar to that of hearing participants in Sapir

(1929) and Newman (1933). We can interpret Eberhart’s

results as supporting evidence for the idea that articulatory

movements associated with words can be the basis of sound

symbolism.

However, Eberhart’s conclusion is limited in two

respects. First, children in that study received explicit

instruction to pronounce the word, which would lead to spe-

cific attention to articulatory movement. Second, Eberhart

did not experimentally manipulate the articulatory move-

ment and, thus, the causal role of articulatory movement

was not directly established.

The current research investigated the role of articulatory

movement in sensing sound symbolism also by asking

whether deaf-and-hard-of-hearing (DHH) individuals can

sense the shape sound symbolism of K€ohler (1929). Like

Eberhart, we expected that individuals with severe hearing

loss could detect sound symbolism through the sense of ico-

nicity between articulatory movement and the visual prop-

erty of the object (i.e., shape in this research). Two

important methodological changes were made from

Eberhart’s study to overcome the two limitations. First, our

task did not involve explicit instruction to pronounce the

stimulus words. Second, in experiment 2, articulatory move-

ment was disturbed such that we could see the role of articu-

latory movement in sound symbolism detection more

directly than that in Eberhart’s study.

Experiment 1 examined whether adult DHH partici-

pants make similar sound symbolic judgments to hearing

participants for various novel words. Experiment 2 exam-

ined whether DHH participants’ sound symbolic judgment

deviates more from that of hearing participants when articu-

latory movements were restricted to further examine the

causal role of articulatory movement in the detection of

sound symbolism.

II. EXPERIMENT 1

We compared the two groups of participants—those

who are DHH and those with typical hearing capacity—on

how they judged the sound symbolic match between novel
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words and novel shapes by using the well-established

bouba-kiki paradigm (K€ohler, 1929; Ramachandran and

Hubbard, 2001).

A. Method

1. Participants

It was difficult to determine the sufficient sample size

for the DHH selection in advance, but it has been known

that shape sound symbolism leads to a highly strong effect

in forced choice tasks in the literature. For example, (hear-

ing) adult participants choose the sound symbolically

matching item highly consistently in a two alternative forced

choice task: about 82% in Maurer et al. (2006), 95% in

Ramachandran and Hubbard (2001), and 82% in Bremner

et al. (2013). Thus, we expected at least a moderately strong

correlation of r¼ 0.5 between the choices made by the hear-

ing group and those made by the DHH group if individuals

in the latter group do detect sound-shape correspondence by

articulatory movements. With the alpha level of 0.05,

power¼ 0.8, and r¼ 0.5, the required sample size is N¼ 29.

Therefore, we aimed to recruit 30 participants.

From a university in Japan for students with total or

severe hearing loss, 34 pupils (15 men and 19 women) vol-

unteered to participate in response to an intraschool adver-

tisement with posters and social media such as Facebook or

X (previously Twitter). To be eligible for admission to this

institution, which the participants were enrolled in, their

hearing must be 60 dB or more for both ears or find it

extremely difficult to hear voices at normal loudness even

with the use of hearing aids or installed implants. Those

who meet this requirement are considered to fit into the class

of severest hearing loss. The participants’ hearing was

severely limited from birth as a result of sensorineural prob-

lems, which were caused by damage to the special cells or

nerve fibers in the inner ear. To these individuals, hearing

aids or implant installation could help hearing to some

degree by making the sound louder, but even with such aids,

their hearing of speech sound is still severely limited: other

people’s voices typically sound mumbled or slurred, and it

is particularly hard to tell high-pitched sounds (such as “s”

or “th”) from one another. Thus, our participants’ level of

hearing is not close to that of typical hearing people, even

with implants installed, in volume and clarity of sound. In

Japan, implant installation is subsidized only for one ear.

Many DHH people in Japan, thus, use a hearing aid on the

other ear instead of getting implants installed on both ears.

In fact, no participants in this research had implants installed

on both ears. Fifteen participants indicated that they used a

device and found it useful. However, 17 participants (out of

34) indicated that they did not find their devices useful and

could not (or hesitated to) provide the information about the

hearing loss range after correction by hearing devices, and 2

participants did not use a device. Hence, we labeled the first

group as device effective, the second group as device nonef-

fective, and the third group as “total non-device use” (see

supplementary material B). We use these labels because on

the post-experiment questionnaire, the DHH individuals

who were aware of the improvement in the quality of hear-

ing by the devices tended to use their hearing devices more

heavily than those who were not aware.

All participants except one use sign language with their

DHH peers or family members (see supplementary material

B) but had experienced articulation training as the training

is mandatory in schools for DHH students in Japan.

Information about hearing and other relevant properties for

each individual participant in experiment 1 are given in sup-

plementary material B. These participants were able to read

Japanese scripts and knew how one would pronounce the

stimulus words. As the two types of phonograms in

Japanese, called hiragana and katakana, roughly represent

moras and are taught with a syllabary of onset consonants

and vowels in schools, these participants were likely to have

some phonological awareness.

An additional 36 individuals (19 men and 17 women)

with typical hearing who were enrolled in an introductory

psychology course in a university in the Greater Tokyo Area

participated to provide the baseline. For both groups, all par-

ticipants’ data were included in the analyses.

2. Stimuli

As the primary purpose of the study was to test whether

DHH individuals with the severest hearing loss were able to

detect sound symbolism, the stimuli were prepared to ensure

that hearing participants would show differential match/

mismatch judgments for the round and spiky shapes. As the

study did not aim to evaluate the strength of sound symbol-

ism for particular sound-shape combinations or the source

of sound symbolic effect, we did not exhaustively and sys-

tematically control consonant and vowel combinations in

the stimuli. Expanding the stimulus set of D’Onofrio (2014),

we created a total of 38 novel words by combining 16

consonants and 5 vowels (Table I). Previous findings

(K€ohler, 1929) indicate that among these segments, sonorant

(/m, n, j, ɾ/) and bilabial consonants (/b, p/) as well as the

rounded vowel /o/ are associated with round shapes,

whereas non-labial obstruents (/d, t, g, k, z, s, ʑ, ɕ, t, ɕ, dʑ/)
and front vowels (/i, e/) are good candidates for spiky shape

sound symbolism (D’Onofrio, 2014; Maurer et al., 2006;
Nielsen and Rendall, 2011). Possible articulatory features of

these segments that may be mapped to shapes include the lip

rounding or protrusion of the rounded vowels and bilabials:

the phonemes associated with round objects have lip round-

ing or protrusion of the rounded vowels and bilabials, but

the phonemes for spiky objects do not. These consonants

and vowels were combined to form words with the /CVCV/

(Consonant-Vowel/Consonant-Vowel) structure, which is a

common word form in Japanese. To make our stimuli maxi-

mally contrastive, most round-sounding consonants were

combined with round-sounding vowels, and most spiky-

sounding consonants were combined with spiky-sounding

vowels. We also added six well-known stimuli from previ-

ous studies examining the shape sound symbolism:
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“maruma” (a Japanese equivalent of “maluma”), “takete”

(K€ohler, 1929), “buuba” (a Japanese equivalent of “bouba”),
“kiki” (Ramachandran and Hubbard, 2001), as well as

“moma” and “kipi” (Asano et al., 2015).
Importantly, the round-sounding consonants tend to fall

into a category of sounds that have been considered to be

relatively easy for individuals with severe hearing loss to

distinguish, whereas spiky-sounding consonants tend to be

difficult to distinguish (Hillis et al., 2023). Thus, if the level
of hearing critically affects sound symbolism sensitivity in

DHH people, we might hypothesize that the judgments of

sound symbolism for round shapes for DHH people would

be more accurate than their judgments for spiky shapes.

3. Procedure

Participants received a two-page booklet. On each page,

either a spiky-shaped figure or round-shaped figure was

depicted at the top (with the order counterbalanced; see Fig.

1), below which 38 novel words (e.g., “moma” and “kipi”)

were listed orthographically in katakana. Among the two

phonographic systems in Japanese, i.e., hiragana and kata-
kana, we chose to present the stimulus words in katakana
because nonsense words are more commonly written in

katakana scripts (see Table I). The order of the figures and

words was different across booklets.

The participants were asked to judge whether each

word would match the target figure on a three-point scale:

(1) good match, (2) neutral, and (3) mismatch. Each partici-

pant judged match for round and spiky figures.

B. Results

The results were analyzed in two ways. First, we con-

ducted a by-item correlation analysis to provide basic

descriptive statistics, which helps to intuitively grasp how

similar responses from DHH participants were to those of

hearing participants. However, correlation analysis, which

averages responses for each stimulus, does not consider

individual differences in the degree of hearing loss. To com-

pensate for this weakness, we employed a generalized linear

mixed model that included the hearing difficulty and stimu-

lus shapes of participants as independent variables in addi-

tion to the correlation analyses. This allowed us to examine

whether the DHH participants’ responses remained similar

to the hearing participants’ responses even when the vari-

ability from individual differences of participants and that

from stimuli were simultaneously controlled for.

We conducted correlation and model analyses because the

two investigations show different sensitivities to data variabil-

ity; correlation analysis sensitively captures the dispersion in

the relationship between two data series, whereas model analy-

sis is good at capturing the magnitude of the slope in the rela-

tionship between variables in the linear model fitted to the

data. These differences allowed us to uncover the characteris-

tics of the data in a multifaceted way.

1. Correlation analysis

For each word-shape combination, we calculated the pro-

portion of participants in each group who gave “good match”

judgment, performed separately for round shape and spiky

shapes (Fig. 1). The distribution of match scores across items

(word-shape combinations) was highly similar between the

DHH and hearing groups (N¼ 34) for the round figures

(r¼ 0.762) and the spiky figures (r¼ 0.832). Remember that

consonants that were assumed to match spiky figures were

considered to be more difficult to distinguish by DHH partici-

pants than those assumed to match round shapes. However,

the correlations between the two groups were both high, and

we did not see that the judgments of spiky sound symbolism

by the DHH group were less accurate than those of round

sound symbolism. We also analyzed the proportion of partici-

pants in each group who gave “mismatch” judgments, and

the results were the exact mirror image of the analysis of

good match (see supplementary material Fig. S1).

We further examined whether the DHH participants’

sound symbolism judgments varied as a function of their

degree of hearing difficulty. To index the degree of hearing

loss, the hearing loss range measured by audiogram is usu-

ally employed. However, as we noted in Sec. IIA1, this index

TABLE I. List of stimulus words for experiments 1 and 2, the Roman script, and International Phonetic Alphabet (IPA). The words were presented to the

participants in the katakana script.

Katakana Roman IPA Katakana Roman IPA Katakana Roman IPA

ガグ gagu /ɡaɡɯ/ タケテ takete /takete/ プパ pupa /pɯpa/

ゴガ goga /ɡoɡa/ チチェ chiche /tɕitɕe/ パプ papu /papɯ/

グガ guga /ɡɯɡa/ チテ chite /tɕite/ ポパ popa /popa/

キキ kiki /kiki/ ブバ buba /bɯba/ ノナ nona /nona/

キピ kipi /kipi/ バブ babu /babɯ/ ヌナ nuna /nɯna/

キケ kike /kike/ ボバ boba /boba/ マルマ maruma /maɾɯma/

ケキ keki /keki/ ブーバ buuba /bɯ+ba/ ムマ muma /mɯma/

ジゼ jize /ʑize/ ティテ tite /tite/ モマ moma /moma/

ゼジ zeji /zeʑi/ テティ teti /teti/ ユヤ yuya /jɯja/

ゾズ zozu /zozɯ/ テチ techy /tetɕi/ ヨヤ yoya /joja/

ドゥダ duda /dɯda/ シセ shies /ɕise/ ルラ rura /ɾɯɾa/

ドダ doda /doda/ セシ seshi /seɕi/ ルロ ruro /ɾɯɾo/

ソス sosu /sosɯ/ ロラ rora /ɾoɾa/
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does not accurately reflect the quality (clarity) of hearing, and

some of the participants were not able to provide this value

with hearing devices. As described earlier, we classified the

DHH participants into three categories: hearing device effec-

tive, hearing effect noneffective, and hearing device total non-

use. However, in the following analyses, we labeled the device

effective participants as “hearing device users,” while combin-

ing the latter two categories, and labeled them as “hearing

device nonusers,” because on the post-experiment question-

naire, the DHH individuals coded as “hearing device effective”

who were aware of the improvement of the quality of hearing

by the devices tended to use their hearing devices more heavily

than those who were not, and the number of participants falling

into the third category—“hearing device total nonuse”—were

too small for the statistical analyses. The correlation between

the device users and hearing participants (r¼ 0.72) and that

between the non-device users and hearing participants

(r¼ 0.79) were high, and the two correlation values did not dif-

fer statistically (from Meng et al., 1992, z¼ –1.5874,

p¼ 0.1124).

Taken together, the correlation analyses showed that

regardless of the level of hearing loss indexed by hearing

device use, the participants in the DHH group judged sound

symbolic match in a very similar way to the participants in

the hearing group.

2. Model analysis

The correlation analyses examined the effects of hear-

ing device use [i.e., whether participants thought that their

hearing was improved by the hearing device(s) they were

using; see Sec. II B 1] and shape of stimuli on DHH perfor-

mance separately, but it is possible that the interaction

between the two affects the performance. Here, we exam-

ined whether the judgments of hearing groups can predict if

DHH participants accepted/rejected each sound-shape pair,

even after controlling for hearing device use and stimulus

shapes in a single model. Thus, the dependent variable of

the model was a binary variable, i.e., whether or not a DHH

participant gave a good match judgment to each shape-word

pair. The critical independent variables were the proportions

of hearing participants who gave a good match judgment for

a given shape-word pair, hearing device use (device user vs

nonusers), shape (round vs spiky), and the interaction among

the three factors. In other words, in this model analysis, we

wished to see if (and to what degree) the sound symbolism

judgment of the hearing people for each word-shape pair

would predict the choice pattern of DHH individuals, and

whether or not DHH participants use hearing devices regu-

larly, and the visual property of the referent object (shape)

would additionally affect DHH participants’ choice pattern.

The three factors were included in the model as fixed

effects, whereas participant identification (ID) and stimulus

ID (the specific sound-shape combination presented) were

treated as random intercepts such that the model could con-

sider variabilities from individual differences and character-

istics of the stimuli.

We fit a mixed effects logistic regression model with

the glmer function in R (R Core Team, 2024). A series of

models were fit with all possible pairs of the factors. The

FIG. 1. (Color online) The percentage of participants in the hearing group and those in the DHH group who judged the novel words to be good sound sym-

bolic match with the shapes in experiment 1. The words are arranged in descending order of the percentages for the hearing group.
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best model (the best combination of the independent varia-

bles) was determined by the BIC (Bayesian information cri-

terion; Bhat and Kumar, 2010), using the MuMIn package

(Bartoń, 2020). The best model only included the proportion

of hearing participants who gave a good match for a given

shape-word pair [b¼ 4.36, standard error (SE)¼ 0.273,

z¼ 16.0]. Other factors were not included in the final model,

indicating that the performances of DHH participants can

predict those of hearing participants regardless of hearing

device use and stimulus shapes. Thus, the model analysis

echoed the key finding from the correlational analyses:

DHH participants and hearing participants gave similar

judgments about match between shapes and words even

after controlling the hearing quality of DHH participants

and stimulus shapes.

C. Discussion

The results of the correlation and model analyses in

experiment 1 suggest that individuals with the severest hear-

ing loss can detect inherent correspondence between sound

and shape, which is consistent with the articulatory hypothe-

sis for sound symbolism. However, the articulatory move-

ment was not experimentally manipulated in this

experiment. To examine the causal role of articulatory

movement more directly, we conducted experiment 2. If

participants’ judgments of sound symbolism deviate when

they cannot move their articulators freely, it will provide

stronger evidence for the articulatory hypothesis.

III. EXPERIMENT 2

Experiment 2 examined whether disturbance of articu-

latory movements changes the judgments of sound symbol-

ism, and whether the effect, if any, is different across

hearing and DHH groups. Oral movement was restricted in

two ways (see Fig. 2). In the on-tongue condition, partici-

pants put a spoon in the month and placed it on the tongue,

hence, movement within the oral cavity and movement of

the lips were restricted. In the between-lips condition, a

spoon was placed between the lips, thereby the lip move-

ment was restricted but articulatory movement within the

oral cavity was freer. Thus, although both conditions

restricted articulatory movements, the on-tongue condition

restricted articulatory movement more than the between-lips

condition.

We expected that hearing participants and DHH partici-

pants should differ in the way that the manipulation affected

sound symbolic judgment. Hearing people may additionally

recruit acoustic information to compensate for the lack of

the articulatory cues. If this is the case, hearing participants

should be less affected by the disturbance of articulatory

movement than DHH participants. We predicted three out-

comes. First, we expected that the DHH participants in

experiment 2 should deviate from the baseline judgment by

hearing participants in experiment 1 more strongly than

DHH participants in experiment 1 (who had no articulatory

restrictions). Second, we predicted that the DHH

participants in experiment 2, overall, should deviate from

the baseline judgment by hearing participants in experiment

1 more strongly than hearing participants in experiment 2.

Third, we expected that DHH participants’ judgment should

deviate from the baseline judgment by hearing participants

in experiment 1 more noticeably in the on-tongue condition

than in the between-lips condition.

A. Method

1. Participants

Thirty-two DHH students participated, where all had

congenital hearing loss and were enrolled in the same uni-

versity for deaf people as those in experiment 1.

Additionally, 61 university students with typical hearing

were recruited from the same universities as those in experi-

ment 1 and participated in this study. None of the partici-

pants took part in experiment 1. They were randomly

divided into the on-tongue condition or the between-lips
condition and judged shape sound symbolism in the same

way as in experiment 1. The profiles of the DHH partici-

pants in experiment 2 were compatible with those in experi-

ment 1 (range of the hearing loss, 30–130 dB;

M¼ 98.09 dB). As in experiment 1, the participants were

asked about the situation of hearing devices. It was indicated

by 21 participants that they used a device and found it effec-

tive, whereas 9 participants indicated that hearing devices

were not effective. Two participants did not use hearing

devices at all. As in experiment 1, we labeled the first group

as device effective, the second group as device noneffective,

and the third group as total non-device use. (see supplemen-

tary material C). One participant reported that his hearing

loss degree was 30 dB when measured by an audiogram at

one time but that he had extreme difficulty hearing

speech in conversation. All participants except one use sign

language in some degree when communicating with their

DHH peers. DHH and hearing participants were randomly

assigned to either the on-tongue condition or the between-

lips condition. The average hearing levels of the DHH

participants in the two conditions were not significantly

different from each other (on-tongue, range 70–120 dB;

M¼ 97.88 dB; between-lips, range 60–130dB; M¼ 98.53 dB).

FIG. 2. Illustrations of the (a) “on-tongue condition” and (b) “between-lips

condition” in experiment 2.
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For both groups, all participant data were included in the

analyses.

2. Stimuli and procedure

The stimuli were identical to those used in experiment 1

as was the procedure except that participants were asked to

hold a spoon with their mouth (Fig. 2). In the on-tongue con-

dition, they put the spoon in the oral cavity with the concave

part of the spoon facing down, placed the concave part on

the tongue, and closed the lips to stabilize the handle of the

spoon. In the between-lips condition, they did not put the

spoon in the oral cavity. They held the handle of the spoon

between the lips in such a way that the spoon was kept

sideways.

The two conditions (on-tongue vs between-lips) were

similar in that the lips were closed. This is because the han-

dle of a spoon was thin, and participants needed to close the

lips to stabilize the spoon. In particular, in the on-tongue

condition, the lips were closed because the spoon would be

unstable and the handle may swing sideways unless the han-

dle was fixed firmly at two points, which were the lips and

teeth. Thus, in both conditions, the tongue movement was

restricted as the oral cavity was narrow. Importantly, the

tongue movement was more restricted in the on-tongue con-

dition than in the between-lips condition because the spoon

was fixed at the lips and teeth in the on-tongue condition to

fixate the tongue position. Moreover, the spoon was touch-

ing the tongue in the on-tongue condition and, thus, the tac-

tile feedback for the tongue position was compromised. In

the between-lips condition, the tongue could move, albeit

within the narrow oral cavity as a result of closed lips, which

may have been sufficient for simulating articulation.

B. Results

As in experiment 1, we first conducted a by-item corre-

lation analysis to grasp how similar DHH and hearing par-

ticipants in the on-tongue condition and between-lips

condition were to the hearing people in experiment 1, which

served as the baseline. Then, we conducted model analyses

to investigate whether the interaction between the hearing

ability and experimental condition predicted the partici-

pants’ judgment on the sound symbolic relations in two

steps. In the first step, as in experiment 1, a model was cre-

ated exclusively for the DHH group, using the same set of

independent variables as employed in experiment 1, to

which the experimental condition (on-tongue vs between-

lips) was added to the model. In the second step, we

examined whether the experimental condition affected per-

formance differently for the DHH and hearing individuals.

(See Sec. III B 2 for further details.)

1. Correlation analysis

We performed the same by-item correlation analysis as

in experiment 1, where the data from the round figure and

the data from the spiky figure are combined. In all analyses,

we took the judgments by the hearing participants in

experiment 1 (who had no articulatory restrictions) as the

baseline and calculated correlations against the baseline to

assess how closely the judgments in different conditions and

groups aligned with the baseline judgments.

Before we examined how two types of disturbance of

articulatory movements affected DHH and hearing partici-

pants, we first tested whether the degree of hearing loss

influenced the performance of the DHH participants in

experiment 2, according to the criterion used in experiment

1 (hearing device users vs nonusers). The analysis showed

no sign for this possibility, as reported in Sec. III B. Because

the performance of DHH participants did not differ across

the two groups in either experimental condition in experi-

ment 2, we used the combined data of the DHH participants

for further analyses.

In all four cells arising from the combination of two

factors in experiment 2 (see Fig. 3), the correlations with the

baseline (the y axis in Fig. 3) were significantly different

from chance (DHH on-tongue, r¼ 0.639, p< 0.001; DHH

between-lips, r¼ 0.788, p< 0.001; hearing on-tongue,

r¼ 0.913, p< 0.001; hearing between-lips r¼ 0.882,

p< 0.001).

First, we compared the performance of DHH partici-

pants in experiments 1 and 2. The correlation with the base-

line (the performance of the hearing participants in

experiment 1) was stronger for DHH participants in experi-

ment 1 (r¼ 0.862) than for DHH participants in the on-

tongue condition (r¼ 0.639; Meng’s z¼ 4.34, p< 0.0001)

and for DHH participants in the between-lips condition

(r¼ 0.788; Meng’s z¼ 1.99, p¼ 0.047). That is, the DHH

participants in experiment 1 gave judgments closer to the

baseline than the DHH participants in the two conditions in

experiment 2.

Second, we examined the performances of the DHH

and hearing participants in experiment 2. In the on-tongue

condition, the correlation with the baseline was higher in the

hearing group (r¼ 0.913) than in the DHH group (r¼ 0.639;

Meng’s z¼ 5.71, p< 0.001). In the between-lips condition,

the correlation with the baseline was also higher in the hear-

ing group (r¼ 0.882) than in the DHH group (r¼ 0.788;

Meng’s z¼ 2.66, p¼ 0.008). That is, overall, the hearing

participants in experiment 2 gave judgments closer to the

baseline than the DHH participants in experiment 2, which

is consistent with our expectation.

Third, we compared the performances in the between-

lips and on-tongue conditions. For the DHH group, the cor-

relation with the baseline was significantly higher in the

between-lips condition (r¼ 0.788) than in the on-tongue

condition (r¼ 0.639; Meng’s z¼ 2.67, p¼ 0.007), which is

also consistent with our prediction. For the hearing group,

the correlation coefficients in the on-tongue condition

(r¼ 0.913) did not significantly differ from those in the

between-lips condition (r¼ 0.882; Meng’s z¼ 1.40,

p¼ 0.162). Thus, again, consistent with our prediction,

while the hearing participants were not affected by the dis-

turbance of articulatory movement regardless of whether the

spoon was placed on the tongue or between the lips, the
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DHH participants were affected, and the effect of articula-

tory disturbance was stronger in the on-tongue condition

than in the between-lips condition.

2. Model analysis

The model analysis examined how closely participants’

judgments in experiment 2 can be predicted by the baseline

judgment by the hearing participants in experiment 1 for

each shape-word pair and the two experimental manipula-

tions in experiment 2, i.e., spoon positions.

In the first analysis, we examined only the DHH group

to see whether the interaction between hearing device use

and spoon position influenced the participants’ judgments

on sound symbolic relations. The dependent variable was a

binary code indicating whether (or not) a participant gave a

good match judgment to each shape-word pair. The critical

independent variables were the proportion of good match

judgment for each word-shape combination by the hearing

participants in experiment 1 (i.e., the baseline), hearing

device use (hearing device users vs nonusers), shape (round

vs spiky), spoon position (on-tongue vs between-lips), and

all interactions among the variables. The first three factors

were the same as those included in experiment 1, whereas

spoon position was newly introduced to examine the effect

of experimental condition. We also incorporated by-

participant random slope for spoon position and random

intercept for stimuli into the model. As in experiment 1, we

fit a mixed effects logistic regression model with the glmer

function in R. The series of models with all possible combi-

nations of the independent variables were ranked by BIC.

The best model included the main effect of baseline judg-

ment (b¼ 4.18, SE¼ 0.307, z¼ 13.6), indicating that the

DHH participants’ judgments of sound symbolism were

consistent with those of hearing participants in the no-spoon

condition in experiment 1. Because the effects of hearing

device use were not found, device users and nonusers were

combined into a single DHH group for subsequent analyses.

In the second analysis, we examined how DHH and

hearing groups differed in how they were affected by the

disturbance of articulatory movements. The dependent vari-

able of the second model was the same as that in the first

model (i.e., good match judgment by participants). The

FIG. 3. (Color online) The scatterplots show how well the judgments in experiment 2 corresponded to the judgments by the hearing participants in experi-

ment 1, who did not hold a spoon with their mouth (i.e., baseline judgment). Each data point in the scatterplots is an item (word-figure combination): blue

circles represent words combined with the round shape, and yellow triangles represent words combined with the spiky shape. The data from the rounded and

spikey shapes were combined in the by-item correlational analyses. The horizontal axis represents the percentage of hearing participants from experiment 1

who judged items to be good sound symbolic matches. The vertical axis represents the percentage of participants in each condition in experiment 2 who

judged items to be good sound symbolic matches: (a) DHH on-tongue, (b) DHH between-lips, (c) hearing on-tongue, and (d) hearing between-lips.
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independent variables were baseline, group (DHH vs hear-

ing group), spoon position (on-tongue vs between-lips), and

all interactions among the variables. As in the first model,

by-participant random slope for spoon position and random

intercept for stimuli were also incorporated into the model.

The effect of shape was excluded from the second model

because this factor did not contribute to the model in experi-

ment 1 or the first model in experiment 2.

The results showed a significant main effect of the base-

line (b¼ 6.17, SE¼ 0.256, z¼ 24.1) and the interaction

between group and baseline judgment (b¼ –1.78,

SE¼ 0.338, z¼ –5.28) in Table II. The negative coefficients

of the interaction indicated that the hearing group in experi-

ment 2 responded more similarly to the hearing group in

experiment 1 than to the DHH group in experiment 2.

C. Discussion

The correlation analyses indicated that when articula-

tory movement was restricted by a spoon, DHH participants’

judgments deviated more from the baseline judgments (by

hearing participants in experiment 1 with no restrictions on

articulation) than the DHH participants in experiment 1.

They were also more strongly affected by the experimental

manipulations than hearing participants in experiment 2.

This deviation in the DHH participants was stronger when

the spoon was on the tongue, which restricted the movement

of the lips and tongue, in comparison to when the spoon was

between the lips, which mainly restricted the movement of

the lips and jaw, suggesting that the sensitivity to sound

symbolism decreased more as the degree of the restriction

of articulatory movements got larger. The hearing partici-

pants were not affected by the position of the spoon.2 The

linear mixed effects modeling confirmed the difference

between the DHH participants in experiment 1 and DHH

participants in experiment 2. It also confirmed the difference

between the DHH participants in experiment 2 and the hear-

ing participants in experiment 2, indicating that DHH people

were affected more strongly by the disturbance of articula-

tory movements, which, in turn, suggests that they relied

more on the actual articulatory movements than hearing

people in sensing iconicity between sound and meaning.

However, the model analysis did not confirm the effect of

spoon position for the DHH participants, which varied from

the correlation analysis.

One possible reason for the discrepancy concerning the

effect of the spoon position between the correlational and

model analyses is that the two analyses are sensitive to dif-

ferent types of deviation from the baseline judgments, which

was noted earlier. The correlation analysis is sensitive to

changes in variability in judgments (spread in the data plot-

ted Fig. 3), whereas the model analysis is sensitive to how

changes in the judgments in experiment 2 relate to the base-

line judgments (slope in the data plotted in Fig. 3). The

correlation analyses indicated that the variability in the

sound symbolism match judgment was higher in DHH

participants than in hearing participants [see Fig. 3(a) vs

Fig. 3(c), Fig. 3(b) vs Fig. 3(d), and correlation values]. The

variability was also higher in the on-tongue condition than

in the between-lips condition for DHH participants (see

Fig. 3(c) vs Fig. 3(d) and correlation values). The same dif-

ference was found for the DHH participants in experiment 1

(no articulatory restriction) and DHH participants in experi-

ment 2 (restriction by a spoon). Thus, DHH participants’

sound symbolism judgment became less stable and deviated

more from the baseline judgments by hearing participants as

the degree of articulatory restrictions became greater.

IV. GENERAL DISCUSSION

In the long history of linguistics, language has been char-

acterized as abstract, amodal, and not directly bound to sen-

sory or bodily experiences. In recent years, a body of studies

have demonstrated empirical evidence that challenges this

assumption (e.g., Perniss et al., 2010). However, a key

question—what mechanism underlies the sense of sound

symbolism—has remained inconclusive. The results of the

present study have offered new insights into this question

from a hitherto untested perspective, one that asked how peo-

ple with severe hearing loss sense sound symbolism.

Individuals with severe hearing loss sensed sound sym-

bolism very well; thus, hearing ability is not as indispens-

able for sound symbolism as one might have assumed. We

found that the DHH participants, even those with congenital

and most profound hearing loss, judged match/mismatch of

sound and shape correspondences in a way very similar to

that of hearing people, as long as the DHH participants

could make articulatory movements freely. However, when

articulation was restricted, DHH individuals’ sense of sound

symbolism deviated away from hearing participants’ sense

of sound symbolism.

Our results build on the study by Eberhardt (1940) and

extended it in an important way. As in Eberhardt’s study,

we found that deaf participants could make similar sound

symbolic judgment as that of hearing participants. Unlike

Eberhardt’s study, we did not explicitly instruct DHH partic-

ipants to pronounce the words before judgment, thus, our

DHH participants were likely to have implicitly simulated

articulatory movement when making sound symbolic judg-

ment. We went beyond Eberhardt (1940) in an important

way as we investigated the causal role of articulatory move-

ment more directly by showing that the sense of sound sym-

bolism by DHH people was deteriorated when their

articulatory movement was restricted.

Our findings offer great insights into a key question in

the literature of sound symbolism, i.e., whether sound sym-

bolism can arise from articulation (Eberhardt, 1940; Sapir,

TABLE II. The fixed effects of the best model. ��, p< 0.01; ��, p< 0.001.

b SE z p

Baseline judgment 6.17 0.256 24.1 < 2� 10�16���

Group 0.762 0.279 2.73 0.0063��

Baseline judgment:group –1.78 0.338 –5.28 1.33� 10�7���
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1929; Ramachandran and Hubbard, 2001; Margiotoudi and

Pulverm€uller, 2020) or acoustic features, such as frequency

(Hinton et al., 1994; Ohala, 1984), or both. The results of

this research provide evidence that articulatory movements

play an important role in sound symbolic judgment and sug-

gests that one can sense correspondence between sound and

meaning, at least in some (or a large) degree, through articu-

latory movements. For example, the vowels and bilabial

consonants associated with round objects have lip rounding

and protrusions, and such features can readily be associated

with roundness. Indeed, the DHH participants judged words

such as “maruma” and “moma” very accurately (see Fig. 1).

It is remarkable that individuals with difficulty in recruiting

the auditory channel can sense sound symbolism by map-

ping oral movements to the meanings.

However, it should be noted that the articulatory

account and acoustic account are not mutually exclusive. In

fact, restricting articulatory movement did not affect the

hearing participants, which suggests that the hearing partici-

pants used acoustic image for sound symbolism even in the

absence of auditory input. It is likely that hearing people can

use articulatory and acoustic bases for sound symbolism

judgment (cf. Fort and Schwartz, 2022).

In addition to the articulatory movement itself, the tac-

tile feedback of the movement may also play a role in sound

symbolism. When the tongue touches the other parts of the

oral tract, it gets tactile feedback, which plays an important

role in speech production. The nature of this tactile sensa-

tion may also contribute to the sense of sound symbolism.

Could our DHH participants use sources other than

articulatory movement in their judgments of sound symbol-

ism? It may be possible. Although DHH individuals were

affected by the restriction of articulatory movement more

strongly than hearing people, their judgments did not

become random in experiment 2. It is possible that DHH

individuals first sensed sound symbolism through iconicity

between articulatory movement and the referents, and this

experience may have developed into an abstract representa-

tion of sound-meaning correspondence, which enabled them

to image it without actual articulatory movements, but this

representation was not as solid as that for hearing people

and vulnerable to disturbance of articulatory movement

compared to people with typical hearing function.

Some may wonder that the sense of sound symbolism

arises through orthographical symbolism, i.e., the iconicity

between the shape of the letters in the word and the shape of

the figure. However, it is not likely that orthographical symbol-

ism can explain all aspects of our results. In particular, it can-

not explain the greater influence of the articulatory restrictions

on sound symbolic judgment in DHH participants than in hear-

ing participants. Thus, even if orthographical symbolism was

at play in our task, that cannot be the whole story.

Furthermore, a recent study by �Cwiek and colleagues (�Cwiek
et al., 2022) investigated whether and to what extent the

bouba-kiki effect could be explained by the letter symbolism

across different cultures. They concluded that the contribution

of letter symbolism is negligible for the bouba-kiki sound

symbolic effect overall but especially for speakers whose first

language uses non-Roman scripts. Taken together, we argue

that the results of the two experiments cannot be explained by

orthographical symbolism. However, it is possible that DHH

people are more sensitive to iconicity between the shape of let-

ters and the meaning of the words than hearing people. Future

research is required to examine whether the sensitivity to

letter-meaning iconicity is different between hearing individu-

als and those with hearing loss.

The articulatory account of sound symbolism has pro-

found implications for theories of language evolution. Hand

gesture has been considered to be a prime candidate for how

an open-ended shared lexicon emerged in early stages of lan-

guage evolution (Stokoe, 2002; Arbib, 2005) because people

can move their hands in a way that can iconically map to enti-

ties in the world such as events and objects (Goldin-Meadow

et al., 1996; Ortega and €Ozy€urek, 2020). The hand-gesture ori-
gin theories of language evolution maintain that hand move-

ments have unique advantage over the movement of tongue

and other articulatory organs when it comes to iconically repre-

senting entities in the world (Stokoe, 2002; Arbib, 2005).

However, the current results may question such an advantage

for hand gestures and suggest that hand movements and articu-

latory movements can be the basis of iconic meaning, offering

a possible account for why language evolved in speech modal-

ity as well as in manual modality.

The current research found a possibility that a novel

word can get its link to a referent object from articulatory

movements. This suggests that articulatory movements may

have mediated the link between word form and meaning in

the dawn of language. A speaker can give sound to a word

by articulatorily mimicking a property of the referent, and a

listener who hears the word infers the meaning by articulat-

ing the sound and sensing iconicity between the articulatory

movement and the referent. This bidirectional process

between sound and meaning may have helped our ancestors

to quickly build a shared lexicon that can be intuitively

understood by members of the community (Kita, 2008; Imai

and Kita, 2014). The current result also adds further support

to the idea that language is an embodied representational

system, where meaning partly originates from how the body

mimics events and things in the world (Fort and Schwartz,

2022; Lakoff and Johnson, 1980; Glenberg and Kaschak,

2002; Lupyan and Casasanto, 2015; Stokoe, 2002).

V. LIMITATIONS AND FUTURE DIRECTIONS

Much more research is needed to fully understand the

mechanism of sound symbolism sensitivity at the psycho-

logical and neural levels. The present research invites future

exploration in a variety of exciting directions.

This study relies on the premise that people simulate

articulatory movement even when they silently read words.

Although there is evidence for such simulation (Yao, 2021;

Yan et al., 2014), this assumption should be directly tested

in future research.
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The generalizability of the present results should be

investigated. Do DHH people sense sound symbolism

equally well in other sensory domains such as tactile,

motion, or magnitude? Do they acquire language-specific

sound symbolism as hearing people do (cf. Saji et al.,
2019)? Do DHH children sense sound symbolism as in

adults and, if yes, is their word learning (in spoken lan-

guage) scaffolded by sound symbolism as in hearing chil-

dren (Imai et al., 2008; Kantartzis et al., 2011)?
Another important question for future investigation is

whether people with hearing loss could detect sound sym-

bolism without training to articulate speech sound. In Japan,

oral language has been heavily stressed in schools such that

all of the DHH participants in this research had extensive

training for understanding and producing spoken language.

It is interesting to test DHH individuals who had not

received articulation training on this task to determine

whether general articulation training is required to

detect sound symbolism. This would help us understand not

only the nature of sound symbolism sensitivity but also the

nature of cross-modal mapping and processing in humans.

SUPPLEMENTARY MATERIAL

See the supplementary material A for the distribution of

mismatch judgments in experiment 1 and supplementary

material B and C for the background of the DHH partici-

pants in experiments 1 and 2, respectively.

ACKNOWLEDGMENTS

This study was supported by Ministry of Education,

Culture, Sports, Science and Technology (MEXT)/Japan

Society for the Promotion of Science (JSPS) Grants-in-

Aids-for Scientific Research (KAKENHI) Grant Nos.

20H00014, 16H01928, and 18H05084 to M.I. We would

like to thank Junko Kimura, Daiki Kondo, and Fumika

Murayama for their help with data collection.

AUTHOR DECLARATIONS

Conflict of Interest

The authors have no conflicts to disclose.

Ethics Approval

The experiments reported in this paper were approved

by the research ethics committee at the Tsukuba University

of Technology for hearing or visually impaired persons

(Approval No. 2022-20) and the Shonan-Fujisawa Campus

(SFC) research and experiment ethics committee at the Keio

University (Approval No. 2019/262). All participants signed

informed consent and agreed on the publication of their ano-

nymized data.

DATA AVAILABILITY

The data that support the findings of this study are

openly available in the Open Science Framework at https://

osf.io/m64eu/.

1As the editor pointed out, the IPA, which most studies on sound symbol-
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