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Abstract
Humans robustly associate spiky shapes to words like “Kiki” and round shapes to words like “Bouba.” According to a popular
explanation, this is because the mouth assumes an angular shape while speaking “Kiki” and a rounded shape for “Bouba.”
Alternatively, this effect could reflect more general associations between shape and sound that are not specific to mouth shape or
articulatory properties of speech. These possibilities can be distinguished using unpronounceable sounds: The mouth-shape
hypothesis predicts no Bouba-Kiki effect for these sounds, whereas the generic shape-sound hypothesis predicts a systematic
effect. Here, we show that the Bouba–Kiki effect is present for a variety of unpronounceable sounds ranging from reversed words
and real object sounds (n = 45 participants) and even pure tones (n = 28). The effect was strongly correlated with the mean
frequency of a sound across both spoken and reversed words. The effect was not systematically predicted by subjective ratings of
pronounceability or with mouth aspect ratios measured from video. Thus, the Bouba–Kiki effect is explained using simple shape-
sound associations rather than using speech properties.
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Introduction

Languages often contain systematic associations between ob-
ject names and their visual properties (Dingemanse et al.,
2015; Lockwood & Dingemanse, 2015; Sidhu & Pexman,
2018). Indeed, there are many cross-modal associations

between shapes and sounds (Spence, 2011). A famous exam-
ple is the Bouba–Kiki effect, whereby people associate round-
ed shapes to words like “Bouba” and spiky shapes to words
like “Kiki” (Fig. 1a). This effect, first reported by Köhler
using the words “baluba” and “takete” (Köhler, 1967), was
subsequently termed the Bouba–Kiki effect (Ramachandran
& Hubbard, 2001). This effect has since been reported robust-
ly across diverse populations (Bremner et al., 2013; Chen
et al., 2019; Davis, 1961; Hung et al., 2017; Sučević et al.,
2015) with a few exceptions (Gold & Segal, 2017; Oberman
& Ramachandran, 2008; Occelli et al., 2013; Rogers & Ross,
1975; Styles & Gawne, 2017). It has also been observed in
preverbal children and infants (Asano et al., 2015; Imai et al.,
2015; Maurer et al., 2006; Ozturk et al., 2013). This effect is
predicted by specific articulatory features (stop consonants or
close front vowels for Kiki-like words, continuant consonants
or open back vowels for Bouba-like words) in sounds
(D’Onofrio, 2014; Fort et al., 2015; Knoeferle et al., 2017;
Westbury et al., 2018) and specific visual features (low spatial
frequency for Bouba-like and high spatial frequency for Kiki-
like) in shapes (Chen et al., 2021, Chen et al., 2016; Kim,
2020; Turoman & Styles, 2017).

How does the Bouba–Kiki effect arise? A popular ac-
count suggests that the Bouba–Kiki effect arises due to
neurological cross-activation between motor and auditory
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cortices. In other words, representations of lip/tongue
movements may be nonarbitrarily mapped to certain
sounds. Since our mouths make rounded shapes on
uttering Bouba-like words and angular shapes on saying
Kiki-like words (Fig. 1b), we learn to associate these
shapes to these words (Ramachandran & Hubbard, 2001;
Sapir, 1929). Evidence in favour of this account comes
from associations between happy/sad emotions and Kiki/
Bouba-like words regardless of whether the emotion is
conveyed through round or angular features (Karthikeyan
et al., 2016; Sievers et al., 2019). However, this observa-
tion could reflect higher level associations between facial
emotion and sounds. An alternate possibility is that the
Bouba–Kiki effect reflects generic associations between
the shapes of objects and the sounds they produce that
are not specific to speech (Fig. 1c). This possibility is
supported by the presence of the Bouba–Kiki effect in
preverbal infants (Asano et al., 2015; Imai et al., 2015;
Maurer et al., 2006; Ozturk et al., 2013; P. Walker et al.,

2010), and also by the many other general cross-modal
correspondences reported between vision and sound
(Albertazzi et al., 2015; Ben-Artzi & Marks, 1995;
Bernstein & Edelstein, 1971; Cowles, 1935; Evans &
Treisman, 2010; Gallace & Spence, 2006; Guzman-
Martinez et al., 2012; Hubbard, 1996; Ković et al., 2017;
Liew et al., 2018; Lim & Styles, 2016; Ludwig et al.,
2011; Marks, 1987; O’Boyle & Tarte, 1980; Parise &
Spence, 2012; Walker et al., 2012).

To summarize, the Bouba–Kiki effect can be explained
either as a specific association between mouth shape and
sound, or as a more general association between object shape
and sound. A critical test of these two explanations is sounds
that are hard to pronounce such as reversed words or environ-
mental sounds (Fig. 1d). According to the mouth-shape hy-
pothesis, since such sounds cannot be articulated easily, the
Bouba–Kiki effect should be abolished or reduced in magni-
tude. By contrast, the generic shape-sound hypothesis predicts
a robust Bouba–Kiki effect even for such sounds.
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Fig. 1 The Bouba–Kiki effect and its explanations. aAcross cultures and
even at a young age, most people will associate rounded shapes to words
like “Bouba” and spiky shapes to words like “Kiki.” Image source:
Ramachandran and Hubbard (2001). b According to the mouth-shape
explanation, the mouth forms a rounded shape while uttering “Bouba”
and an angular shape while uttering “Kiki,” and the Bouba–Kiki effect
reflects these associations. Image source: Authors own photograph. c
According to the generic shape explanation, real-world objects make
systematically different sounds depending on their shapes, and the
Bouba–Kiki effect reflects these associations. Image source: Wikimedia
Commons. d The mouth shape and generic shape hypotheses both ex-
plain the Bouba–Kiki effect observed for spoken words (left bars) but

yield different predictions for unpronounceable sounds such as reversed
words, real object sounds, and pure tones (middle and right bars). Since
such sounds cannot be pronounced, the mouth-shape hypothesis predicts
no effect (middle bars). By contrast, since such sounds can be produced
by real-world objects, the generic shape hypothesis predicts systematic
associations (right bars). e Experimental design for key experiments: In
Experiment 1 (left panel), we validated the Bouba–Kiki effect by present-
ing a shape along with two words (one Bouba-like and one Kiki-like
word) and asking participants to choose the word that best fits the shape.
In Experiments 2 & 3 (right panel), we played a sound and presented two
shapes (one round, one spiky shape), and participants had to indicate the
shape best fits the sound. (Color figure online)
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Overview of this study

In this study, we set out to discriminate between these two
hypotheses by measuring the Bouba–Kiki effect on unpro-
nounceable sounds. In Experiment 1, we confirmed the
Bouba–Kiki effect to be present on a novel set of 20
rounded/spiky shapes and 20 Bouba–Kiki words. In
Experiment 2, we measured the Bouba–Kiki effect on re-
versed words created by playing each spoken word backwards
in time. These sounds have identical frequency content as the
original words, while at the same time being less pronounce-
able, making them ideal probes for testing the mouth-shape
hypothesis. We also measured the Bouba–Kiki effect on high/
low pitched natural sounds recorded from real-world objects
when they are struck. Since these sounds are also hard to
pronounce, the mouth-shape hypothesis predicts that the
Bouba–Kiki effect would be abolished.

In Experiment 3, we collected subjective ratings of
pronounceability for spoken and reversed words to con-
firm that the reversed words were indeed harder to pro-
nounce, and to investigate whether the Bouba–Kiki effect
was predicted using pronounceability. In Experiment 4,
we measured mouth shape from a participant’s video
and asked whether the Bouba–Kiki effect can be predicted
using mouth aspect ratio. In Experiment 5, we measured
the Bouba–Kiki effect for pure tones varying in frequen-
cy, to confirm that the effect was driven by sound prop-
erties rather than speech articulatory properties.

Experiment 1. Bouba-Kiki effect

Before testing the Bouba–Kiki effect on unpronounceable
sounds, we set out to first confirm the effect to be present on
the specific shapes and spoken words used in this study.

Methods

All participants gave informed consent to experimental proto-
cols approved by the Institutional Human Ethics Committee at
the Indian Institute of Science, Bangalore.

Participants A total of 45 participants were recruited through
email advertisements in our institute mailing lists (22 female,
21 male, 2 undisclosed; age = 18–78 years; mean ± SD: 30 ±
19 years). We selected this sample size because previous stud-
ies of the Bouba–Kiki effect have yielded clear effect sizes
with similar or even smaller numbers of participants (Bremner
et al., 2013; Kim, 2020). Moreover, we observed consistent
results across subjects in our experiment (see Results). This
confirmed that the selected sample size was sufficient for the
given experiment.

Since language experience could potentially influence the
results, we performed a post hoc assessment to report the
linguistic background of the participants through a survey on
Google Forms. Each participants were asked to report the
languages they were familiar with and their proficiency in
each language on a scale of 1 to 10 (1 = poor, 10 = highly
fluent). A majority of the participants (60%, n = 27 of 45)
completed the survey. All participants were highly fluent in
English (self-reported fluency, mean ± SD: 8.5 ± 1.2) and
were additionally fluent in a number of other languages (me-
dian number of languages = 3, self-reported fluency in first,
second and third languages: mean ± SD: 8.4 ± 1.2 for first
language across 27 participants, 6.5 ± 2.1 for second language
across 25 participants, 5.0 ± 2.0 for third language across 17
participants. Hindi was the most common language in which
participants reported being the most fluent (n = 19 partici-
pants), followed by Kannada (n = 4).

Stimuli We created 20 black shapes on a white background
using Microsoft Paint. Each stimulus was created with a res-
olution of 650 × 601 pixels. Of these, 10 had rounded protru-
sions and 10 had spiky protrusions (Fig. 2a). Similarly, we
created 20 pseudowords, of which 10 were designed to be
“Kiki”-like and 10 were designed to be “Bouba”-like (Fig.
2a) using vowels/consonants previously reported as being
so. Specifically, Bouba-like words contained vowels like /u/,
/o/ and consonants like /m/, b/ while Kiki-like words
contained vowels like /i/, /e/ and consonants like /k/, /t/.

Procedure We conducted this experiment using Google
Forms. On each trial, depicted schematically in Fig. 1e, a
new screen would appear, and participants saw one shape at
a time, alongside two visually presented pseudowords as op-
tions (one Bouba-like word, one Kiki-like word). These word
pairs were fixed across participants. We could not present
spoken words as response options due to technical limitations
of Google Forms. Trials appeared in random order for each
participant. Participants were asked to select the pseudowords
that best fit the shape. Each shape was presented exactly once,
and the 10 “Kiki”-like and 10 “Bouba”-like pseudowords
were seen twice during the entire experiment (10 × 2 = 20).
Thus, the entire experiment consisted of only 20 trials, one for
each shape. At the end of the experiment, 4.4% (2 of 45)
participants reported that they had heard of the Bouba–Kiki
effect before. We obtained qualitatively similar results upon
excluding these participants.

In subsequent experiments, we realized that we had
misclassified two words: caucau, a Kiki-like word, was clas-
sified in this experiment as being Bouba-like, whereas bemele,
a Bouba-like word, was classified as being Kiki-like. Due to
this misclassification, the experiment consisted of two trials
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with a pair of Bouba-like words and two trials with a pair of
Kiki-like words as choices. Despite this, the rounded/angular
shapes presented in these trials were classified as Bouba-/
Kiki-like respectively. This was because caucau was more
Bouba-like than the Kiki-like words that it was paired with.
Similarly, bemele was more Kiki-like that the Bouba-like
words it was paired with.

Data analyses Across participants, we analyzed the
pseudoword options selected for each shape. To quantify
the Bouba–Kiki association for a particular shape, we cal-
culated the fraction of participants who selected a Kiki-
like word for that shape, and this is denoted throughout as
its “Kikiness.”

Results

The shapes and words used in this experiment are shown in
Fig. 2a. For each shape, we calculated the fraction of partici-
pants who selected a Kiki-like word and denoted this as the
Kikiness. The Kikiness for shapes sorted in ascending order is
shown in Fig. 2b, revealing a clear difference between the
responses for the rounded and angular shapes. To confirm
the reliability of this measure across subjects, we calculated
the Pearson’s correlation in the Kikiness obtained from odd-
and even-numbered participants. This revealed a high and
statistically significant correlation across the entire set of
shapes (r = .98, p < .0005). This suggested that all participants
had a high degree of agreement with each other. This consis-
tency also validates this measure, Kikiness, to be a reasonable
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Fig. 2 Bouba–Kiki effect validation (Experiment 1). a Pseudowords and
shapes used in Experiment 1. Left column: Bouba-like words and shapes.
Right column: Kiki-like words and shapes. Pronunciation transcripts for
Bouba-like words: /bu:bɑ:/, /hʊhʊ/, /laʊlaʊ/, /du:bu:lu:/, /kʊmʊlʊ/,
/mə lʊbɑ : / , /kaʊkaʊ / , /daʊdaʊ / , / lʊmʊbʊ / , /noʊboʊmoʊ / .
Pronounciation transcripts for Kiki-like words: /kɪki:/, /nɪbɪti:/, /kɪdɪ ni:/
, /zɪmɪti:/, /hɪnɪti:/, /nɪkɪmi:/, /heɪlɪki:/, /tɑ:keə ti:/, /beɪmeɪleɪ/, /tʃɪtɪki:/. b
Kikiness (fraction of participants who selected a Kiki-like word) plotted
for each shape. Error bars represent standard error of mean across

participants calculated after scoring responses as 0 for Bouba and 1 for
Kiki. The correlation coefficient between the Kikiness from odd- and
even-numbered participants is shown (top left). Asterisks beside the cor-
relation coefficient indicates its statistical significance (**** is p < .0005).
cAverage Kikiness for curved (blue) and angular (red) shapes. Error bars
represent standard error of mean across shapes of the Kikiness averaged
across participants. Asterisks indicate statistical significance of the com-
parison (rank-sum test across Kikiness for 10 curved and 10 angular
shapes, **** is p < .0005). (Color figure online)
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measure of the Bouba–Kiki effect strength. A large Kikiness
for a given shape therefore indicates that nearly all participants
selected a Kiki-like word.

Having established that participants responses were consis-
tent, we proceeded to ask whether the responses confirmed the
presence of the Bouba–Kiki effect on our stimuli. As expect-
ed, the Kikiness was significantly higher for the angular
shapes compared with the rounded shapes (Fig. 2c; mean ±
SD: 0.17 ± 0.05 for rounded shapes, 0.82 ± 0.07 for angular
shapes, p < .0005, rank-sum test on mean Kikiness for the 10
rounded and 10 angular shapes).

The above shape-sound associations could be driven by
angularity of shapes or by their size. To assess this possibility,
we calculated the total area of each shape and asked whether
this was correlatedwith the observedKikiness of these shapes.
This revealed an overall negative correlation (r = −.89, p <
.0005), because the Bouba-like shapes generally occupied
more area than the Kiki-like shapes. However we observed
no systematic within-category correlations for Bouba-like or
Kiki-like shapes considered separately (correlation between
Kikiness and area: r = .43, p = .21 for Bouba-like shapes; r
= −.27, p = .45 for Kiki-like shapes).

Conclusions

We conclude that participants systematically associated
rounded shapes to Bouba-like words and angular shapes to
Kiki-like words, confirming the Bouba–Kiki effect for these
particular shapes and words.

Experiment 2. Reversed words and real object
sounds

The results of Experiment 1 demonstrate that the Bouba–
Kiki effect is indeed present for the specific shapes and
words in our experimental paradigm. In Experiment 2, we
sought to distinguish between the mouth-shape and
generic-shape hypotheses by measuring the Bouba–Kiki
effect for unpronounceable sounds. We tested three types
of sounds: spoken words (those validated in Experiment
1), reversed versions of these words, and real object
sounds. The real object sounds comprised low- and
high-frequency sounds made by real-world objects when
they were struck (e.g., pillow vs. metal objects).

Methods

All procedures were similar to Experiment 1, except for those
detailed below.

Participants A total of 45 participants were recruited for this
experiment (21 female, 24 male; age = 18–73 years; mean ±

SD: 28.0 ± 15.3 years)—20 of these participants had also
participated in Experiment 1. Excluding them yielded qualita-
tively similar results.

Since syllable experience could potentially influence the
results, we performed a post hoc assessment of the linguistic
background of the participants through a survey on Google
Forms. Each participants were asked to report the languages
they were familiar with and their proficiency in each language
on a scale of 1 to 10 (1 = poor, 10 = highly fluent). A majority
of the participants (75%, n = 34 of 45) completed the survey.
All participants were highly fluent in English (self-reported
fluency, mean ± SD: 8.5 ± 1.4) and were additionally fluent
in a number of other languages (median number of languages
= 3, self-reported fluency in first, second and third languages:
mean ± SD: 8.5 ± 1.3 for first language across 34 participants,
6.5 ± 2.0 for second language across 31 participants, 4.9 ± 2.2
for third language across 18 participants). Hindi was the most
common language in which participants reported being the
most fluent (n = 24 participants), followed by Kannada (n =
5 participants).

Stimuli We created audio recordings of the 20 pseudowords
used in Experiment 1 in a noise-free environment using built-
in laptop microphones (voice of A.P.) at a sampling rate of
48000 Hz. To create the reversed words, we imported each
audio recording into MATLAB, reversed the audio (flip func-
tion, MATLAB R2020a) and exported the audio into a file
(audiowrite function, MATLAB R2020a). We selected 20
real object sounds from the audiovisual database The
Greatest Hits (Owens et al., 2016). These included 10 high-
frequency “metallic” sounds of various metal objects (e.g.,
kettles, railings) being struck with a drum stick, and 10 low-
frequency “thud” sounds created by various upholstery items
(e.g., sofas, cushions) being struck with the same drum stick.
These objects were selected such that there was significant
variation in their geometric structure and thus the sound they
produced when struck. The shapes used were the same as in
Experiment 1.

Procedure This experiment was conducted using Google
Forms. On each trial, participants were given an audio record-
ing along with two shapes (one rounded, one angular) as
choices (Fig. 1e). Participants were asked to choose the shape
that fits best with the audio. The audio recordings included 20
spoken words (10 Bouba-like and 10 Kiki-like words, same as
those in Experiment 1—with the caucau/bemele misclassifi-
cation resolved), 20 reversed words (reversed versions of the
10 Bouba-like and 10 Kiki-like words) and 20 real object
sounds (10 low-frequency, 10 high-frequency). Trials were
shown in random order, but the order was fixed across partic-
ipants. Each audio recording was presented exactly once, and
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the 10 angular and 10 rounded shapes were presented a total of
6 times. Thus the entire experiment involved 60 trials. At the
end of the experiment, 15.6% (7 of 45) participants indicated
that they had heard of the Bouba–Kiki effect before. We ob-
tained qualitatively similar results upon excluding these
participants.

Data analysis As before, we calculated Kikiness for each au-
dio stimulus as the fraction of participants that selected the
spiky shape.We calculated the mean frequency for each audio
clip by taking its Fourier power spectrum, normalizing it so
that it becomes like a probability distribution, and calculating
the mean of this distribution. Using the frequency correspond-
ing to the peak of the power spectrum did not yield a signif-
icant association with Kikiness.

Results

Participants were highly consistent in their responses as before
(split-half correlation between Kikiness from odd- and even-
numbered participants: r = .89 across all stimuli; r = .88 for
spoken words; r = .92 for reversed words; r = .90 for real
object sounds; p < .0001 in all cases).

In keeping with the classic Bouba–Kiki effect, the Kikiness
for the Bouba-like words were significantly smaller than for
Kiki-like words (Fig. 3a; mean ± SD: 0.15 ± 0.08 for Bouba-
like words; 0.64 ± 0.09 for Kiki-like words; p < .001, rank-
sum test comparing Kikiness for the two groups). This con-
firms the Bouba–Kiki effect for the spoken words.

Next we examined the Kikiness for the reversed words.
Strikingly, here too, we observed a significantly larger
Kikiness for the reversed Kiki-like words compared with the
reversed Bouba-like words (Fig. 3a; mean ± SD: 0.18 ± 0.08
for reversed “Bouba”-like words, 0.56 ± 0.14 for reversed
Kiki-like words, p < .001, rank-sum test). Even for real-
object sounds, we observed a significantly larger Kikiness
for metallic objects compared with cushion-like objects (Fig.
3a; mean ± SD: 0.48 ± 0.14 for cushion-like objects, 0.89 ±
0.06 for metallic objects, p < .001, rank-sum test).

Although the reversed Kiki-like words are associated with
Kiki-like shapes easily, it is possible that their Kikiness
changed in their quality compared with the original word.
To assess this possibility, we plotted the Kikiness of the re-
versed words compared with the original spoken words. This
revealed a strong significant correlation (r = .86, p < .0005;
Fig. 3b), suggesting that participant responses captured audio
features independent of playback direction.

The above results suggest that there could be simple audio
features that determine the responses given by participants. As
an initial step, we calculated the mean frequency of each audio
clip in the experiment (see Methods) and asked whether this
mean frequency was correlated with Kikiness. Interestingly,

we observed a significant correlation for spoken and reversed
words (Fig. 3c; r = .78 for spoken words, r = .69 for reversed
words, p < .001 in both cases). We also observed a significant
correlation for real object sounds (Fig. 3d; r = .89, p < .0001).
However, the range of mean frequencies for the real object
sounds was larger compared with the spoken words, suggest-
ing that mean frequency alone cannot fully account for the
Kikiness and that perhaps other spectral properties might be
required to do so.

Conclusions

We conclude that the Bouba–Kiki effect is present for sounds
with varying degrees of pronounceability. This suggests that
pronounceability of a word is not a prerequisite for the
Bouba–Kiki effect, contradicting the mouth-shape hypothesis.
We also show that spectral properties of sounds (such as their
mean frequencies) can be reliable predictors of the effect
strength, consistent with the generic shape-sound hypothesis.

Experiment 3. Pronounceability

In the previous experiment, we found that the Bouba–Kiki
effect is present for both spoken as well as reversed words.
According to the mouth-shape hypothesis, differences in the
ease of pronunciation could explain the Bouba–Kiki effect
strength. Words that are easy to pronounce should show a
stronger effect. To investigate this possibility, we collected
subjective ratings from independent sets of human partici-
pants regarding the ease of pronunciation of both spoken
and reversed words.

Methods

All procedures were similar to Experiment 2, except for those
detailed below.

Participants Since spoken words and reversed words vary
widely in their pronounceability, we collected subjective rat-
ings from two separate sets of participants for these two word
groups. For assessing spoken words, we recruited 22 partici-
pants (seven female, 15 male; age = 18–48 years; mean ± SD:
21.1 ± 6.3 years)—one of these participants had participated
in Experiments 1 and 2. For assessing reversed words, we
recruited 26 participants (10 female, 14 male, two undis-
closed; age = 18–52 years; mean ± SD: 29.9 ± 10.8 years)—
two of these participants had participated in Experiment 1 and
two participants had participated in Experiment 2. We obtain-
ed qualitatively similar results on excluding these repeated
participants.

Since syllable experience could potentially influence
the results, we performed a post hoc assessment of the
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linguistic background of the participants through a survey
on Google Forms. Each participants were asked to report
the languages they were familiar with and their proficien-
cy in each language on a scale of 1 to 10 (1 = poor, 10 =
highly fluent). A majority of the participants (62.5%, n =
30 of 48) completed the survey. All participants were
highly fluent in English (self-reported fluency, mean ±
SD: 8.7 ± 1.1) and were additionally fluent in a number
of other languages (median number of languages = 2.5,
self-reported fluency in first, second and third languages:
mean ± SD: 8.5 ± 1.6 for first language across 30 partic-
ipants, 6.7 ± 2.1 for second language across 26 partici-
pants, 4.3 ± 1.6 for third language across 12 participants).
Hindi was the most common language in which partici-
pants reported being the most fluent (n = 11 participants),
followed by Kannada (n = 4 participants).

Stimuli We used the same audio recordings of 20 spoken and
20 reversed words as in Experiment 2.

Procedure Both tasks were conducted using Google Forms.
An audio recording was played in each trial and participants
were asked to rate its pronounceability on a scale of 1 (easy to
pronounce) to 10 (difficult to pronounce). Trials were present-
ed in a random order, but the order was fixed across partici-
pants. Each audio recording was presented exactly once.
Thus, the entire experiment involved 20 trials (10 Kiki-like
and 10 Bouba-like). At the end of the experiment, 27.3% (6 of
22) participants of the spoken word task and 26.9% (7 of 26)
participants of the reversed word task indicated that they had
heard of the Bouba–Kiki effect before. We obtained qualita-
tively similar results upon excluding these participants.

Data analysis We converted the subjective rating provided
into a measure of ease of pronunciation by calculating 10
minus the rating provided by each participant. This measure,
which we denote as “pronounceability rating” throughout, is
large when the sound is easy to pronounce and small when it is
hard to pronounce.
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Results

Participants were highly consistent in their pronounceability
ratings (correlation between mean ratings of odd- and even-
numbered participants: r = .85 for spoken words; r = .89 for
reversed words; p < .0001 in both cases). As expected, words
became significantly less pronounceable when reversed (Fig.
4a; pronounceability ratings, mean ± SD: 7.2 ± 0.8 for spoken
words, 4.0 ± 1.0 for reversed words, p < .00005, sign-rank test
onmean ratings across all 20 words). This was true for Bouba-
like and Kiki-like words considered separately as well (Fig.
4a). Interestingly, Bouba-like reversed words were rated as
being more pronounceable compared with Kiki-like reversed
words (pronounceability ratings, mean ± SD: 4.7 ± 0.5 for
Bouba-like & 3.2 ± 0.7 Kiki-like words; p < .0005, unpaired
t test). However no such difference in pronounceability was
observed for spoken Bouba-like and Kiki-like words (pro-
nounceability ratings, mean ± SD: 7.5 ± 0.6 for Bouba-like
& 7.0 ± 0.8 Kiki-like words; p = .15, unpaired t test). This
Bouba–Kiki difference in pronounceability was significantly
different between spoken and reversed words (average differ-
ence in pronounceability, Bouba–Kiki, mean ± SD: 0.5 ± 0.32
for spoken words; 1.5 ± 0.26 for reversed words; both calcu-
lated by randomly sampling Bouba and Kiki words with re-
placement, and repeatedly calculating the mean pronounce-
ability difference for 100,000 times; fraction of pairs in which
this trend was reversed: p = .007).

The above results show that Kiki-like reversed words were
rated as less pronounceable than Bouba-like reversed words.
This is expected since Kiki-like words contain voiceless stop
consonants (such as /p/,/t/,/k/) and unrounded front vowels
(such as /i/), which are strongly altered upon reversing. By
contrast sonorant consonants (e.g., /l/, /m/) and bilabial back
vowels (e.g., /u/) are relatively less affected by reversing. We
also observed a significant correlation between the pro-
nounceability ratings for spoken and reversed words (r =
.55, p = .01)—suggesting that words that are easy to pro-
nounce are also easy to pronounce when reversed.

The above result can be explained by noting that some
sounds are unaltered upon reversing, such as pure tones.
Bouba-like words often contain sonorant consonants (e.g.,
/l/,/m/) and bilabial back vowels (e.g., /u/) which are clos-
er to pure tones and therefore unaltered upon reversing.
By contrast, Kiki-like words contain voiceless stop con-
sonants (such as /p//t/,/k/) and unrounded front vowels
(such as /i/)—which are drastically altered and become
harder to pronounce upon reversing.

We also observed a significant correlation between the
pronounceability ratings for spoken and reversed words (r =
.55, p = .01)—suggesting that words that are easy to pro-
nounce are also easy to pronounce when reversed. It is unclear
to us why this might be so. We speculate that the factors that
drive pronounceability are preserved upon reversal, such as
perhaps the prolonged presence of certain sound frequencies.
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Having characterized how subjective pronounceability rat-
ings vary between spoken and reversed words and between
Bouba-like and Kiki-like words, we next wondered whether
these ratings are related to Kikiness observed in Experiment 2.
In Experiment 2, we had found that the mean sound frequency
was strongly correlated with Kikiness (r = .74, p < .00005
across both spoken and reversed words). Accordingly we
wondered whether pronounceability directly predicts the
Kikiness as well as mean frequency. Since Bouba-like words
are considered more pronounceable than Kiki-like words
whether they are spoken or reversed, we predicted a negative
correlation between Kikiness and pronounceability. This was
indeed the case: we observed a negative but not significant
correlation between pronounceability and Kikiness for spoken
words (r = −.4, p = .07), and a significant negative correlation
for reversed words (r = −.75, p < .0005).

If pronounceability directly predicts the Bouba–Kiki effect,
the drop in pronounceability from spoken to reversed words
(Fig. 4a) should lead to a drop in the Kikiness from spoken to
reversed words. To investigate this possibility, we plotted the
Kikiness from Experiment 2 for Bouba-like and Kiki-like
words separately (Fig. 4b). This revealed no significant differ-
ence in Kikiness between spoken and reversed Bouba-like
words (Kikiness, mean ± SD: 0.15 ± 0.07 for spoken words,
0.18 ± 0.08 for reversed words, p = .26, sign-rank test across
10 words), or for Kiki-like words (Kikiness, mean ± SD: 0.64
± 0.09 for spoken words, 0.56 ± 0.14 for reversed words, p =
.24, sign-rank test). Likewise, at a more fine-grained level, the
change in pronounceability for each word had no significant
correlation with the change in Kikiness (r = −.23, p = .15).

Conclusions

Reversedwords are less pronounceable than spokenwords yet
show an equally strong Bouba–Kiki effect. Thus, pronounce-
ability cannot explain the Bouba–Kiki effect.

Experiment 4. Mouth shape

Here, we set out to further investigate the mouth-shape hy-
pothesis bymeasuring the shape of the mouth from videos of a
participant speaking these words, and asking whether fine-
grained, word-level variations in the Bouba–Kiki effect can
be explained using mouth shape.

Methods

Procedure A 34-year-old naïve female subject was recruited
for this experiment. She was asked to serially read aloud a list
of 20 pseudowords. This list consisted of the same 20 Kiki-
like and Bouba-like words as in the previous experiments,

arranged in random order. Her lip movements were recorded
using a mobile phone camera.

Data analysisOur video analysis is summarized in Fig. 5a. For
each phoneme in each word, we captured a screenshot from
the video-recording. From each screenshot, we measured the
height and width of the mouth and calculated the mouth aspect
ratio as the ratio of height to width. The aspect ratio for each
word was taken as the average aspect ratios calculated across
all constituent phonemes. We obtained qualitatively similar
results upon taking the maximum instead of the average aspect
ratio across phonemes.

Results

We calculated the aspect ratio of the mouth (height/width) for
each word as the mean aspect ratio of mouth shape across the
constituent phonemes, as depicted in Fig. 5a. Since the mouth
forms a rounded shape while uttering phonemes associated
with Bouba-like words, we predicted that the aspect ratio for
Bouba-like words will be larger than for Kiki-like words.
Indeed, the aspect ratio for Bouba-like words was significant-
ly larger than the Kiki-like words (Fig. 5b; aspect ratio, mean
± SD: 0.69 ± 0.1 for Bouba-like words; 0.59 ± 0.1 for Kiki-like
words; p < .05, t test across 10 words in each group).

Next we asked whether the aspect ratio predicts Kikiness
for each word measured in Experiment 2. If mouth shape
directly predicts Kikiness, then we would expect a robust neg-
ative correlation across words, since smaller aspect ratios cor-
respond to Kiki-like words. However, we found no significant
correlation between aspect ratio and Kikiness (Fig. 5c; r =
−.44, p = .051 across all words. Moreover, upon considering
Bouba-like and Kiki-like words separately, we observed no
correlation in both cases (Fig. 5c; r = .17, p = .64 for Bouba-
like words, r = −.02, p = .95 for Kiki-like words). These
results are opposite to the prediction of the mouth-shape hy-
pothesis at a fine-grained individual sound level.

Conclusions

Taken together, the above findings show that mouth shape, as
measured using aspect ratio, does not systematically predict
the Bouba–Kiki effect.

Additional analysis of Experiments 2–4

The results of Experiments 2–4 show that mean sound fre-
quency predicts the strength of the Bouba–Kiki effect across
individual words, but not pronounceability and mouth shape.
These findings suggest that sound properties, rather than
speech properties are sufficient to predict the Bouba–Kiki
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effect. However, it could be that some combination of pro-
nounceability and mouth shape could still predict the effect.
To investigate this possibility, we performed a computational
analysis.

Results

We set out to investigate whether the strength of the
Bouba–Kiki effect, as captured by the Kikiness, could
be predicted using sound properties alone (mean frequen-
cy) as compared with speech properties (i.e., pronounce-
ability and mouth aspect ratio).

To this end, for each of the 20 spokenwords (10 Kiki-like +
10 Bouba-like) in Experiment 2, we asked whether the
Kikiness of each word could be predicted using a weighted
sum of the mean frequency, pronounceability and mouth as-
pect ratio. Specifically this meant fitting the Kikiness using a
linear model of the form y = Xb where y is a 20 × 1 vector
containing the Kikiness of the 20 words, and X is a 20 × 4
matrix containing the mean frequency, pronounceability rat-
ing (from Experiment 3), mouth aspect ratio (Experiment 4) of
each word in the first three columns and 1s along the last
column. The 1 s in the last column represented the constant
term in our linear regression. We solved this set of simulta-
neous equations using standard linear regression (regress
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function in MATLAB) and calculated the predicted Kikiness.
We repeated this analysis for five relevant combinations of
models: (1) mean frequency alone; (2) pronounceability
alone; (3) mouth shape alone; (4) speech properties (pro-
nounceability + mouth shape); and (5) a combined model that
included all these factors. Our goal was to compare models
based on sound properties with those based on articulatory
properties in terms of how well they predict Kikiness.

The resultingmodel fits are summarized in Fig. 6. Themodel
based on mean frequency alone performed as well as the full
model containing all factors, suggesting that the other factors
(pronounceability andmouth shape) did not contribute further to
the fit. Indeed, models based on speech properties (pronounce-
ability, mouth aspect ratio or both) were all significantly poorer
than the combined model that contained these factors together
with mean frequency. Thus, sound properties strongly predict
the Bouba–Kiki effect, and these predictions are not benefited
by including speech-related properties like pronounceability and
mouth aspect ratio.We obtained quantitatively similar results on
performing a leave-one-out cross-validation.

Experiment 5. Pure tones

The results of Experiment 2 show that the Bouba–Kiki effect
is present even for real object sounds. Here, we sought to

extend the generality of the findings in the preceding experi-
ments to another class of unpronounceable sounds—namely,
pure tones. To this end, we created pure tones with the same
mean frequency as the spoken words in Experiments 1–2 and
measured the Bouba–Kiki effect for these tones.

Methods

All procedures were identical to Experiment 2, and only the
details specific to this experiment are summarized below.

Participants A total of 28 participants were recruited for this
experiment (15 female, 13 male; age = 18–30 years; mean ±
SD: 20.4 ± 2.3 years). None of these participants had also
participated in Experiments 1 and 2.

Since syllable experience could potentially influence
the results, we performed a post hoc assessment of the
linguistic background of the participants through a survey
on Google Forms. Each participants were asked to report
the languages they were familiar with and their proficien-
cy in each language on a scale of 1 to 10 (1 = poor, 10 =
highly fluent). A majority of the participants (92.8%, n =
26 of 28) completed the survey. All participants were
highly fluent in English (self-reported fluency, mean ±
SD: 9.1 ± 1.2) and were additionally fluent in a number
of other languages (median number of languages = 3, self-
reported fluency in first, second and third languages:
mean ± SD: 8.9 ± 1.2 for first language across 26 partic-
ipants, 7.4 ± 1.8 for second language across 24 partici-
pants, 4.1 ± 1.5 for third language across 13 participants).
Hindi was the most common language in which partici-
pants reported being the most fluent (n = 10 participants),
followed by Bengali (n = 4).

StimuliWe created a set of 20 pure tones with a mean frequen-
cy equal to the spoken words used in Experiment 2 using the
audiowrite() function from MATLAB 9.8 R2020a. These 20
tones along with the 20 spoken words formed the entire audi-
tory stimulus set for this experiment. The spoken words were
presented in this experiment to confirm that the participants
exhibited the Bouba–Kiki effect.

Procedure Each of the forty audio clips were presented
once in the course of the experiment with a unique pair
of shapes as choices (one rounded, one angular). Each of
the 10 angular and 10 rounded shapes were presented four
times during the task. Thus the entire experiment consisted
of 40 trials. At the end of the experiment, 21.4% (6 of 28)
participants indicated that they had heard of the Bouba–
Kiki effect before. We obtained qualitatively similar re-
sults upon excluding these participants.
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Results

As before, participants were highly consistent in their re-
sponses (split-half correlation between Kikiness of odd-
and even-numbered participants, r = 0.93 across all stim-
uli; r = .92 for spoken words; r = .83 for pure tones, p <
.0001 for all cases).

We first confirmed the presence of the Bouba–Kiki effect
for spoken words (Fig. 6a; mean ± SD: 0.12 ± 0.13 for Bouba-
like words, 0.58 ± 0.16 for Kiki-like words, p < .0005, rank-
sum test). Kikiness values in this experiment were highly cor-
related with those observed in Experiment 2 (r = .88, p <
.0005), thereby reconfirming that Kikiness measured in this
manner is a reliable indicator of the strength of the effect.

Next we asked whether pure tones were systematically as-
sociated with round and angular shapes as well depending on
their frequency. Indeed, the mean Kikiness for the high-
frequency was higher compared with low-frequency tones
(Fig. 7a; mean ± SD: 0.61 ± 0.19 for Bouba-like tones, 0.87
± 0.11 for Kiki-like tones, p < .05). However participants gave
higher Kikiness to pure tones compared with the spoken
words, suggesting that their responses may not be based on
sound frequency alone.

Finally, to understand the audio features that determine the
Kikiness, we plotted the Kikiness of each audio stimulus (spo-
ken words and tones) against the mean frequency. This re-
vealed a significant correlation for spoken words (r = .79, p
< .0001; Fig. 7b) and tones (r = .88, p < .0001; Fig. 7b).

Conclusions

We conclude that the Bouba–Kiki effect is present even for
tones with varying frequency: high-frequency tones are

associated with spiky shapes and low-frequency tones are as-
sociated with rounded shapes.

General discussion

Here, we investigated whether the classic Bouba–Kiki effect
is specific to pronounceable words or reflects a more general
audio-visual association. To this end, we measured the
Bouba–Kiki effect on three types of unpronounceable sounds:
reversed spoken words, real object sounds (Experiment 2) and
pure tones (Experiment 5). Strikingly, participants systemati-
cally associated high-frequency sounds to angular shapes and
low-frequency sounds to rounded shapes, regardless of wheth-
er they were pronounceable. Pronounceability of a word did
not predict the Bouba–Kiki effect, since reversed words
showed an equally strong Bouba–Kiki effect despite being
less pronounceable (Experiment 3). Finally, mouth shape ex-
tracted from video also did not systematically predict the
Bouba–Kiki effect (Experiment 4). Sound properties (mean
frequency) predicted the Bouba–Kiki effect much better than
these speech-related properties. Taken together, these findings
show that the Bouba–Kiki effect reflects a general audio-
visual association between object shape and sound, rather than
any specific association between word names and mouth or
speech properties. Below, we review our findings in context
of the existing literature.

Our main finding, that the Bouba–Kiki effect is present
even for unpronounceable sounds, strongly challenges the
mouth-shape hypothesis (Ramachandran & Hubbard, 2001;
Sapir, 1929). According to the mouth-shape hypothesis, the
mouth makes an angular shape while utteringKiki-like sounds
and a round shape while uttering Bouba-like sounds and this
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sensory-motor association gives rise to the Bouba–Kiki effect.
If this were true, sounds that cannot be pronounced should
have no systematic association with visual shape. Contrary
to this prediction, we have found systematic Bouba–Kiki ef-
fects for three types of unpronounceable sounds. First, we
show that when spoken Bouba- and Kiki-like words are re-
versed such that they are much less pronounceable without
altering their sound frequency content, they are still associated
systematically with rounded and angular shapes (Fig. 3). The
reversed words are a critical control since they are less pro-
nounceable yet elicited equally strong and systematic associ-
ations with shapes (Fig. 4). Second, we show that even real
object sounds (Experiment 2) and pure tones (Experiment 5),
which have no relation to pronounceability, are also associat-
ed systematically with rounded and angular shapes depending
on whether they are low or high frequency. Finally, we show
that mouth shape, at least as measured using aspect ratio of the
mouth, does not systematically predict the Bouba–Kiki effect.
Across experiments, the best predictor of the Bouba–Kiki ef-
fect was simply the mean frequency of the sound. These find-
ings are inconsistent with the mouth shape hypothesis.

However our findings could be reconciled with the mouth-
shape hypothesis by positing that the effect is learned through
mouth-shape and sound associations, but is generalized to
other sounds, or that the effect when observed for unpro-
nounceable sounds is driven by other mechanisms. Further,
it is also possible that articulatory properties other than the
mouth aspect ratio (such as tongue movements and oral cavity
shape) could explain the Bouba–Kiki effect. We consider
these possibilities unlikely, particularly since they cannot be
easily disproved.

Instead, we propose that our results support a simpler ex-
planation for the Bouba–Kiki effect—namely, a more general
association between sound frequency and shape, which we
term the generic shape hypothesis. Participant responses were
highly correlated with mean frequency of sounds regardless of
their pronounceability, consistent with this possibility.
However pure tones, despite having the same mean frequency
as spoken words, were more frequently associated with angu-
lar shapes (Experiment 5), suggesting that other sound prop-
erties may have played a role. We propose that these other
properties could be spectral properties (timbre) rather than
speech or articulatory properties. These possibilities could po-
tentially be distinguished through cross-language compari-
sons in which sound features and articulatory features can be
decoupled to a degree (Shang & Styles, 2017; Styles &
Gawne, 2017; Wong et al., 2022).

Our findings are also consistent with the faster response
observed in speeded classification of round/angular shapes
when they are paired with low/high frequency tones respec-
tively (Marks, 1987). They are also consistent with the find-
ings that sonorant consonants and voiced bilabial back vowels
are associated with round shapes, whereas voiceless stop

consonants and unrounded front vowels are associated with
angular shapes (D’Onofrio, 2014; Fort et al., 2015; Knoeferle
et al., 2017; Westbury et al., 2018). However, the findings of
previous studies were also consistent with the possibility that
complex speech properties in spoken words could be driving
the Bouba–Kiki effect. Our results refute this by showing that
the effect is equally strong for reversed words (which contain
the same sound frequencies but less pronounceable), and by
showing that the effect is predicted by a simple sound property
(mean frequency).

Exactly how such an association between sound frequency
and shape is learned is unclear. It is certainly plausible that
objects with sharp features produce high-frequency sounds,
but their material properties also strongly modulate sound fre-
quency (e.g., wooden objects produce low frequency sounds,
whereas metallic objects produce higher frequency sounds).
We therefore speculate that only certain kinds of audio-visual
experience with objects might be required to learn the Bouba–
Kiki effect. This is consistent with the recent observation that
visual spatial frequencies and auditory temporal frequencies
are associated, perhaps through the common modality of
touch (Guzman-Martinez et al., 2012). This is also in agree-
ment with previous studies that show that visual experience
during development enhances the Bouba–Kiki effect (Fryer
et al., 2014; Hamilton-Fletcher et al., 2018).

Alternatively, as alluded earlier, the effect could be initially
learned through mouth shape and sound associations but gen-
eralized to other sounds later. We consider this unlikely since
mouth shape measurements did not predict the Bouba–Kiki
effect, and because the effect has been observed even in early
childhood (Asano et al., 2015; Imai et al., 2015; Maurer et al.,
2006; Ozturk et al., 2013). There could be other explanations
for the Bouba–Kiki effect such as shared neural properties
(such as larger neural responses for angular shapes and high
frequency sounds) or species-general associations between
sound frequency and object category (such as low-frequency
sounds and threat responses in animals; Sidhu & Pexman,
2018). Our findings do not distinguish between these accounts.
Doing so would require characterizing the underlying neural
representations or testing these phenomena across species.

One potential limitation of our study is that participants
could have known the purpose of this study and might have
responded accordingly. We consider this unlikely because,
only a relatively small fraction of participants (4% to 21%)
indicated after each experiment that they had heard of the
Bouba–Kiki effect and our results were unaffected upon
excluding them. Such limitations can be overcome using
speeded classification tasks where a faster response is ob-
served in classifying a visual stimulus in the presence of an
irrelevant auditory stimulus (Marks, 1987; Shang & Styles,
2016; Spence, 2011; L. Walker et al., 2012). We speculate
that similar findings would be observed in such implicit
association paradigms.
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Data availability All data and codes required to replicate the findings are
available on OSF (https://osf.io/82raf/).
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