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Abstract

Adults and toddlers systematically associate aertai
pseudowords, such as ‘bouba’ and ‘kiki’, with rouswd spiky
shapes, respectively. The ontological origin ofs tlb-called
bouba-kiki effect is unknown: it could be an untezd aspect of
perception, appear with language exposure, or emgrge with
the ability to produce speech sounds (i.e., baghliwe report
the results of three experiments with five- and-rapnth-olds
that found no bouba-kiki effect at all. We discutise
consequences of these findings for the emergences$-modal
associations in infant speech perception.

Index Terms. sound symbolism, bouba-kiki
prelexical infants, early language acquisition

effect,

1. Introduction

The link between a speech sound and its meaning is

supposed to be arbitrary [1]. However, most langsagpntain
sound-symbolic words (e.g., English: [2, 3]; Jasand4, 5]).
For instance, the English lexicon has several ektgerbs in
which a shared initial consonant cluster seems efteat a
common part of the verbs’ meanings (e.g., /krisisoaiated with
“noisy impact” in verbs like crash, crack, and crunch.

Moreover, adults and toddlers are sensitive to d@ymbolism:
They more easily learn novel sound-meaning mappirigs the
words are sound-symbolic compared to when theyar¢4-6].

In various sound-shape matching tasks, they alswsistntly
associate certain pseudowords, such as ‘boubamatuma’,

with round shapes, and others, such as ‘kiki' akete’, with
spiky ones [7-9]. This so-called bouba-kiki effémilds across
different cultures and languages [3, 10], and hénway well be
universal.

One question concerning these spontaneous sounieigm
associations concerns its ontological origin. Imfjeehether the
bouba-kiki effect is an unlearned aspect of pefoapbr rather
emerges with language exposure is largely unknoits.
presence could depend upon the acquisition of seynibolic
words in the native language, or upon direct exgnee with
one’s own vocal tract gestures when producing $psecnds.
Still other possibilities are that it arises withsgive exposure to
speech sounds, or even that it is present at fitth.goal of the
present research is to explore whether prelexicnis who
have neither lexical knowledge nor experience witbbling
already show a bouba-kiki effect.

To our knowledge, only one study has reported dh«kiki
effect in infants [11]. In a preferential listenipgocedure, four-
month-olds looked longer at a shape when the acanyipg
speech sound is judged as incongruent by adultmdrehape +
/kiki/ or spiky shape + /bubu/) than when it is ged as
congruent (round shape + /buba/ or spiky shapelki/)/KThis

study used only two stimulus pairs, and the effezs limited in
scope: contrary to adult control subjects, the nt¥afailed to
show a preference in two additional experimenta/liich either
the consonants (/kiki/ vs. /kuku/) or the vowelbufdu/ vs.
/kuku/) were held constant.

In the present research, we further explore theemee of a
bouba-kiki effect in prelexical infants. Moreovere investigate
whether consonants and vowels might play diffee¢mtiles. The
bouba-kiki effect has often been claimed to be mabtven by
the influence of vowels [7, 8], possibly becausepiwers match
the visual shape with the shape of the lips whemying the
vowels within the speech stimuli (e.g. presencipafounding in
/ul, as in /maluma/ and /buba/, vs. absence afdiimding in /i/
and /e/, as in /takete/ and /kiki/). Prelexicakimf are sensitive
to this cue: as early as two months of age they match
auditory /i/ and /u/ onto silent videos of a tatkiface showing
the corresponding articulatory gestures [12]. Hosvev
consonants have also been shown to play a rokeibduba-kiki
effect [13, 14], and recent data even provide ewdefor a
stronger influence of consonants than of vowels 1Bl 16]. For
instance, French adults map CVCV pseudowords sysdieatly
onto round shapes when the consonants are /m//aaadd/ onto
spiky shapes when they are /k/ and /t/, regardiéske vowels
(e.g., both /lumu/ and /limi/ are mapped onto roshdpes and
both /koto/ and /kitii onto spiky shapes). By castr their
mapping of CVCV pseudowords onto round shapes wthen
vowels are /o/ and /u/ and onto spiky shapes whewaowels are
/el and /i/ is less systematic: depending on thesaoants, they
sometimes prefer the reverse mappings (e.g., vidath /pipe/
and /dedi/ are consistently mapped onto a spikpeshdibe/ and
/memi/ are mapped onto a round shape) [16]. Tuaddition to
exploring the presence of a bouba-kiki effect irelgxical
infants, we examine whether, like adults, infante anore
sensitive to consonants than to vowels in this tgpesound
symbolic matching.

In the following, we report on three experimentshwiive-
and six-month-old infants. In order to test theustness and the
possible generalization of infants’ sound-symbolfi@atching
between speech sounds and visual shapes, we usashtsix
different pairs of auditory and visual stimuli iach of them.

2. Experiment 1

We use an intermodal preferential looking proceduith
five-month-old infants. Infants hear both homogersestimuli,
where both consonants and vowels are consisterdtghead to
round (e.g., /lomo/) or spiky shapes (e.g., /tikif)French adults
[16], and heterogeneous stimuli that combine eithaund
consonants with spiky vowels (e.g., /limi/) or gpikonsonants
with round vowels (e.qg., /toko/). The latter tyffestmuli allows
us to investigate whether infants are more semsitivconsonants
or to vowels when performing sound-shape mappings.



2.1. Methods

2.1.1. Participants

Twenty-four five-month-old infants (range: 4;24-8;2nean:
5;14; 16 girls) participated. The data from ten enmfants were
excluded from the analyses due to fussiness (N=8jrong side
bias (N=2).

2.1.2. Stimuli

The auditory stimuli consisted of 28 CVCV disyllabi
sequences. They were constructed by combining bmeanants
that are both consistently associated with eitbeind or spiky
shapes by French adults [16] (“round”: /l,m/; “sgik/k,t/) and
two vowels that are likewise both associated withee round or
spiky shapes (“round”: /o,u/; “spiky”: /i,e/; seeppendix A).
Thus, half of the stimuli contained vowels and amasits that
are all judged as either round (e.g., /lumu/) okysge.qg., /Kiti/).
The other half contained either round consonants spiky
vowels (e.g., /mili/) or round vowels and spiky sonants (e.qg.,
/tuku). The stimuli were recorded by a French fenmsdeaker in
infant-directed-speech. Their mean duration, mimmEQ0 and
maximum FO - averaged for the items within eachddgon -
were not significantly different among the four ddions (all
p>.05).

To construct the visual stimuli we created two paif black
outlined shapes (one round, one spiky for each;paithin each
pair, the shapes were matched in surface but nauimber of
curves and spikes. We filled both pairs with 7 efiéint colors
(yellow, red, brown, blue, pink, green, purple),dafinally
mirrored each pair of shapes to increase the notaber of pairs
to 28 (2 shapes x 7 colors x 2 mirror-image versjoColor-
filled examples of each pair are shown in Figure 1.

a.

b.
Figure 1.Example of the first (a) and the second pair (b) o
round and spiky shapes used in Experiment 1.

2.1.3. Procedure

Infants were held in the lap of a parent and testea quiet
room. Their eye gazes were monitored and recordedideo.
The parents wore headphones with masking musigtesented
them from hearing the auditory stimuli. Each tstdrted with
the presentation of an attention getter, a colarfolving image,
on a television screen. As soon as the infant heded it for 1
s., it was replaced by a pair of still shapes (aumd, one spiky)
presented side-by-side on a white background, viatb after
500 ms by the presentation of five repetitions efrayle token of
one auditory stimulus. Each trial lasted 10.5 s ®hder of the
stimuli and the sound-shape pairing was pseudoeraimbd
across four different lists. Each infant was préesgrwith only

one list, consisting of 28 different trials dividedo two blocks.
Within each block, the round shape appeared dethside half
of the times. Trials with the same type of auditstynulus or
with the same color of the visual stimulus werespreed not
more than twice in a row.

2.2. Results and discussion

Infants’ eye gazes were coded off-line frame-byriea
Frames in which the infant looked towards the roghdpe were
coded “1” and those in which they looked towards #piky
shape were coded “-1". Figure 2 shows these scavesged
across all infants in intervals of 1 second frora bHeginning of
the auditory stimulus until its end, and separafed the
homogeneous and the heterogeneous auditory stitnplbsitive
mean score indicates a preference for the roungkeslanegative
one a preference for the spiky shape.
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Figure 2.Mean preference scores for the homogeneous (a) and
the heterogeneous (b) auditory stimuli over timesifve scores
indicate a preference for the round shape. Errorsbeepresent
standard errors from the mean.

Note that while infants showed an overall prefeesfar the
round shapes, they did not seem to look differténtito the
round and the spiky shapes as a function of aydgtimulus,
whether these were homogeneous or heterogeneoushige
conducted our analyses over the total trial dunatibable 1
presents the mean looking times to the round shaipes the
mean looking times to the spiky shapes.



Table 1.Mean looking times to the round shape minus mean
looking times to the spiky shapes (in ms) as a timcof
Consonant Type (/l,m/ vs. /t,k/) and Vowel Typeaif/es. /i,e/).
Standard errors from the mean are shown in paresghe

lo-ul/ fi,el mean
/I-m/ 32¢ (270 | 85z (228 591 (180
It-k/ 435 (305)| 631 (386 533 (247)
mean 382 (204) 741 (224)

These difference scores were submitted to a 2x2atep
measures ANOVA with the factors Consonant Typen(/lys.

It k/) and Vowel Type (/o,u/ vs. [i,e/). The anadysevealed
neither a main effect nor an interaction (Consoriae: F < 1;
Vowel Type:F(1,23) =2.25p=.15; Consonant Type x Vowel
Type:F < 1). Furthermore, planned restricted analyseékefwo
conditions in which both the vowels and the constmavere
either round or spiky, showed no significant diéfeces either
(both F < 1). Overall, infants only showed positive difface
scores, indicating a general preference for thendoshapes
(t(23) = 3.02,p<.01), in accordance with what has been
reported in [17]. The same pattern of results wataioed
analyzing the first and the second block separatelsignificant
effects in the ANOVA, (allp>.10), and a preference for the
round shapes (first block(23) = 2.33,p < .05; second block:
t(23) = 2.05p = .05).

Thus, we found no sign of a bouba-kiki effect inisth
experiment, not even when we considered only the tw
conditions in which according to French adults plseudowords
were composed of consonants and vowels that aheredll
round or all spiky [16]. One possible explanationthe absence
of an effect is that half of the stimuli containedther spiky
consonants with round vowels or round consonants spiky
vowels; this might have prevented infants to penfasound-
symbolic associations. Moreover, the preferencettier round
shapes overall might have masked the expected Hdkiba
effect. In the next experiment, we address thesatpaas
follows. First, we only use auditory stimuli in vahi both the
consonants and the vowels are either round or spilence
leaving aside the question as to the relative rofesonsonants
and vowels in sound-shape matching. Second, we aise
preferential looking procedure as in [11], whereath trial only
one shape is displayed.

3. Experiment 2

We use a preferential looking paradigm with six-iheold
infants. Infants only hear stimuli where both coreuts and
vowels are consistently matched onto round (elguba/) or
spiky shapes (e.g., /kike/) by French adults inrextpst. As in
[11], we manipulate the type of the shape displageshch trial.
That is, we use sound-symbolic pairings that areeicongruent
(e.g., round shape + /buba/; spiky shape + /ki&elpcongruent
(e.g., round shape + /kike/; spiky shape + /bubfipfants are
sensitive to this type of sound symbolism, theyuthdook
differentially in the two types of trials.

3.1. Methods

3.1.1. Participants

Twenty-four six-month-old infants (range: 5;24-6;hTean:
6.;26; 12 girls) participated. The data from sixrenmfants were
excluded from the analyses due to parental intenfaz (N=4),
equipment failure (N=1), or failure to look away orore than
half of the trials (N=1).

3.1.2. Stimuli

The auditory stimuli consisted of 12 CVCV pseudadgn
(cf. Appendix B). Half of them were of the boubady their
vowels had been chosen from among /o,u,a/ and¢besonants
from among /b,d,g,¥/. The other half were of the kiki-type:
their vowels had been chosen from among é&fi,@nd their
consonants from among /p,t,kf,s/. There were mmitant
differences in duration, in minimum and maximum 0, in
maximum FO difference between the bouba-type itans the
kiki-type items. A female native speaker of Frendifferent
from the one used in Experiment 1, recorded athui eight
times in infant-directed speech.

The visual stimuli were similar to the ones used in
Experiment 1 and consisted of six pairs of colatyries with
black contours, one of a round and one of a sfilaps. Within
pairs, the pictures had the same number of curvepikes and
they had the same color, but they were not matdbedheir
surface. The colors were red, pink, yellow, grdigmt blue, and
dark blue.

3.1.3. Procedure

Infants were held in the lap of a parent and testeal quiet
room. Their eye gazes were monitored and recordegideo.
The parents wore headphones with masking musigteatnted
them from hearing the auditory stimuli.

Each infant was tested on 12 trials, six congruemd six
incongruent ones. There were two counterbalanciogps, such
that sounds that were presented in the congruemitian for
one group were presented in the incongruent camditdr the

other group. For instanceuo/ was paired with the pink round

shape (congruent) and #ié with the yellow spiky shape
(incongruent) for one group, while the reverse ipgs were
used for the other group.

Each trial started with the presentation of annditbe getter,
a colorful moving image, on a television screen.s@en as the
infant had fixated it for 1 s., it was replaced the visual
stimulus, shown on a white background, followed@B800 ms
by the presentation of the auditory stimulus. Thal tended
when the infant had looked away for a consecutiggog of
more than 2 s. or when all 8 tokens of the item Ieeh played
three times. The ISI between tokens was 1 s., ladnaximum
trial duration around 40 s.
Trials were presented semi-randomly, with no mé@ntthree
congruent or incongruent trials in a row and with two shapes
of the same color never being presented one &feeother.



3.2. Results and discussion

Infants’ eye gazes were coded off-line frame-byrea The
mean looking times in the congruent and the incoemgt
conditions are displayed in Table 2. A 2x2 repeatezhsures
ANOVA with the factors Shape Type (round vs. spiland
Sound (bouba-type vs. kiki-type) revealed a maiectfof Shape
Type (1,23) =9.16,p<.01), indicating a preference for the
round shapes. However, there was neither a madotesf Sound
(F<1) nor an interactionF(1,23) = 1.0, p=.27). Separate
analyses of the first and the second half of thpesment
revealed no significant main effects or interacdicat all (all
F<1).

Table 2.Mean looking times (in ms) as a functiorStfape Type
(round vs. spiky) and Sound (bouba-type vs. kié}yin

Experiment 2. Standard errors from the mean arewshdn

parentheses.

Round Spiky
Bouba-type 1518¢ (1577 | 1191¢ (145%)
Kiki-type 13722 (1578)| 11074 (89%)

As in the previous experiment, we found no siga douba-
kiki effect. Moreover, despite the fact that infamio longer had
to choose between a round and a spiky shape in teathwe
still obtained an overall preference for the rowhdpes, in that
infants looked longer during trials with a roundph.

One possible reason for the absence of a boubaK#dt is
that infants might have failed to make the assmiabetween
the auditory and the visual stimuli. In the nexpesiment, we
use the same experimental design but make thelvssimauli
move in synchrony with the auditory ones, thuslifating the
sound-shape association [18].

4. Experiment 3

As in Experiment 2, we use a preferential lookirzgagligm
with six-month-old infants.

4.1. Methods

4.1.1. Participants

Twenty-three six-month-old infants (range: 5;29-65;1
mean: 6.26 month-old; 10 girls) participated in #tedy. Seven
more infants were tested but excluded from theyaesl due to
fussiness (N=3), experimenter error (N=2), or fa@luo look
away on more than half of the trials (N=2).

4.1.2. Stimuli

The auditory and visual stimuli were the same asehin
Experiment 2.

4.1.3. Procedure

The procedure was the same as that in Experimenit,
one exception: The visual stimuli moved in synclrevith the
auditory ones, decreasing and increasing in siD&o(2f size
variation); they reached their maximum size dutting second,

stressed, syllable of the pseudoword, and remaimedobile
until just before the presentation of the next toke

4.2. Results and discussion

Infants’ eye gazes were coded off-line frame-byrfea The
mean looking times as a function of visual and &udistimuli
are displayed in Table 3. In a 2x2 repeated meastidMOVA
with the factors Shape Type (Round vs. Spiky) arwing
(Bouba-type vs. Kiki-type) neither the main effeator the
interaction were significant (Shape Typédi(1,23) = 2.16,
p=.16; Sound:F <1; shape type x sound:(1,22) =1.94,
p =.18). An ANOVA restricted to the first half ofgrexperiment
revealed no main effects or interaction either Fadl 1). For the
second half, there was an effect of SouR(lL,22)=5.17,
p = .03), indicating that infants looked longer at g8hapes when
kiki-type stimuli were displayed, but no effect 8hape Type
(F(1,22) = 1.74p = .20) and no interactiorF€1)

Table 3.Mean looking times (in ms) as a functiorStfape Type
(round vs. spiky) and Sound (bouba-type vs. kijétyStandard
errors from the mean are shown in parentheses.

Round Spiky
Bouba-type 16868 (1164)| 14025 (1260
Kiki-type 1545. (1256 | 15529(1107

Thus, despite the fact that we facilitated the slesimape
association by making the shape move in synchroitly the
auditory stimuli, we again failed to find a bouhistleffect.

5. General discussion

In three experiments, we failed to find a hint diaba-kiki
effect in five- and six-month old infants. It is likely that
methodological issues can explain this absencevidkeece for
sound-symbolic speech-shape associations in pcalekifants:
We tested more than 20 infants in each experimesing
different paradigms that have been shown to bedddr testing
infants’ capacities to link auditory and visualnstili at this age
[19, 20]. We may also discard the possibility tim&nts did not
discriminate between the round and the spiky shagmed
therefore failed to show a bouba-kiki effect. Indigie two out of
three experiments, infants looked longer at thendotinan at the
spiky shapes, showing that they had no difficuiiscdminating
them.

Of course, our null results remain difficult to empret,
especially in light of the fact that a bouba-kikifeet was
reported earlier in four-month-old infants [11].dR# that in that
study, only one pair of stimuli was used, whereasour
experiments each infant was tested on at leastifferent pairs.
We tentatively argue that the increased complexfityur design
might have masked infants’ emerging sound-symblitching
abilities. In other words, the bouba-kiki effectiiiants might be
weak and detectable only with the simplest desighs.fact that
[11] failed to find the effect when the pair of saols only
differed by either its consonants or its vowels Imhige another
sign of the lack of robustness of the effect inlgpdeal infants;
specifically, they would only show it when all thbonemes in
the auditory stimuli provide congruent sound-syrtol
information.



Possibly, for the bouba-kiki effect to become maoobust
infants need to experience their own vocal tractes when
producing speech sounds. Thus, sound-symbolic iasens
should become stronger as infants gain experienite the
production of speech sounds through babbling aritieasrecruit
sensorimotor areas to decode spoken languagendnidith this
idea, infants’ cross-modal binding has been shawletinitially
broad and to become tuned with perceptual expeFi¢ht-23].
More specifically, speech motor areas in the leferior frontal
gyrus are activated by the perception of speecB.5nand 12-
month-old infants but not in neonates, suggestiag éxperience
producing speech sounds is required to performosinstor
bindings [23].

Two recent studies have examined related formsudfoa
visual sound-symbolic associations in prelexicémts [19, 20].
One of them showed that three- to four-month-of@rits look
longer at a spiky shape when it is accompanied high-pitch
rather than a low-pitch sound, and that conversilgy look
longer at a round shape when it is accompanied loyvepitch
rather than a high-pitch sound [19]. The other gtigborted that
four-month-old infants prefer to look at a largersien of a
shape rather than a small one when they hear /¢d/owhile
they prefer to look at a small version when thegrh@ or /e/
[18]. Thus, like adults [24, 25], infants are alite perform
systematic cross-modal sound-shape and sound-sippinys
only a few months after birth.

Note that both of these studies used low-complexdititory
stimuli (pure tones and isolated vowels, respeltjvet would
be interesting to investigate the emergence of ibegba-kiki
effect using isolated vowels. Prelexical infantgmihave less
difficulty matching isolated vowels rather than iemtCVCV
sequences onto visual shapes, especially in lighttheir
spontaneous matching of vowel sounds with siledees of a
talking face showing the corresponding articulatpegtures [12,
26]. In particular, we would expect them to matadunded
vowels such as /u/ and /o/ onto round shapes ancunded
ones, such as /il and /e/, onto spiky shapes. fudimgs would
be in line with the idea that at least part of tiherespondences
between speech sounds and shapes is due to théngmppthe
shape of the lips to produce a vowel onto the Vipuzperties of

a shape. More complex cross-modal mappings between

consonants and visual shapes might emerge lateco@fe, if
this is the case, then we have to account for thaditqtive shift
that takes place during development, with cons@antsome
point in time becoming more important than vowets fhe
bouba-kiki effect [11, 15, 16]. The preponderantéhe role of
consonants in the bouba-kiki effect in adults mesivell with
studies showing that adults rely more on consondrds on
vowels for the purposes of lexical processing[27].2
Interestingly, 12-month-old infants likewise rely o on
consonants than on vowels when distinguishing ameogls
[29]. It would thus be particularly interesting tcompare
younger and older infants in a simple design asotieeused by
[11], to see whether for the purposes of sound-ehmaptching
they initially pay more attention to vowels and @ta rely more
on consonants by the time they start to learn words

To conclude, infants’ sensitivity to sound symbwolidas
received little attention in research on the orgal
development of multimodal speech perception. Theeace for
a bouba-kiki effect in prelexical infants so farweak, and we
argue that null results like the present ones shoat be kept in
a drawer. More research is necessary to investifateole of

experience in the emergence of the bouba-kiki &ffex well as
in the differential role that consonants and vowaby play in
infants’ cross-modal correspondences.
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7. Appendices

A. Auditory stimuli used in Experiment 1.

homogeneous stimuli

/lumu/, /mulu/, lomo/, /molo/,
/lumo/, /mulo/, /lomu/
/kiti/, [tiki/, kete/, /teke/, kite/,

/keti/, Itekil

heterogeneous stimuli

,m/ + [o,u/

Ikl + fi,ef

Mlimi/, /mili/, lleme/, Imele/,
/lime/, /mile/, /meli

/kutu/, /tuku/, /koto/, /toko/,
/tuko/, /kotu/, /toku/

Nm/ + fi,ef

It,kl + lo,u/

B. List of theauditory stimuli used in Experiments 2 and 3.

Pair n° kiki-type bouba-type
1 [pEfil /buba/
2 Itesi/ Ivoga/
3 IsiE/ /zuvol/
4 Ikike/ /gudu/
5 [fekg/ /bodu/
6 Itepe/ /dago/
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