Bouba or Kiki with and without vision:
Shape-audio regularities and mental images



Abstract
95% of the world’s population associate a rounded visual shape with the spoken word ‘bouba’, and
an angular visual shape with the spoken word ‘kiki’, known as the bouba/kiki-effect. The
bouba/kiki-effect occurs irrespective of familiarity with either the shape or word. This study
investigated the bouba/kiki-effect when using haptic touch instead of vision, including the role of
visual imagery. It also investigated whether the bouba/kiki shape-audio regularities are noticed at
all, that is, whether they affect the bouba/kiki-effect itself and/or the recognition of individual
bouba/kiki shapes, and finally what mental images they produce. Three experiments were
conducted, with three groups of participants: blind, blindfold, and vision. In Experiment 1, the
participants were asked to pick out the tactile/visual shape that they associated with the auditory
bouba/kiki. Experiment 1 found that the participants who were blind did not show an instant
bouba/kiki-effect (in Trial 1), whereas the blindfolded and the fully sighted did. It also found that
the bouba/kiki shape-audio regularities affected the bouba/kiki-effect when using haptic touch:
Those who were blind did show the bouba/kiki-effect from Trial 4, and those who were blindfolded
no longer did. In Experiment 2, the participants were asked to name one tactile/visual shape and a
segment of audio together as either ‘Bouba’ or ‘Kiki’. Experiment 2 found that corresponding shape
and audio improved the accuracy of both the blindfolded and the fully sighted, but not of those who
were blind — they ignored the audio. Finally, in Experiment 3, the participants were asked to draw
the shape that they associated with the auditory bouba/kiki. Experiment 3 found that their mental
images, as depicted in their drawings, were not affected by whether they had experienced the
bouba/kiki shapes by haptic touch or by vision. Regardless of their prior shape experience, that is,
tactile or visual, their mental images included the most characteristic shape feature of bouba and
kiki: curve and angle, respectively, and typically not the global shape. When taken together, these
experiments suggest that the sensory regularities and mental images concerning bouba and kiki do
not have to be based on, or even include visual information.
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regularities; shape recognition
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e Shape-audio regularities result in bouba/kiki-effect when blind; not when blindfolded
Individuals who have no vision integrate information from haptic touch and hearing
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The blindfolded draw upon visual imagery to solve new problems
Mental images are not affected by whether hearing is combined with touch or vision
Shape-audio regularities and mental images do not have to include visual information



1.0.0.0 INTRODUCTION

95% of the world’s population associate a rounded visual shape with the spoken word ‘bouba’, and
an angular visual shape with the spoken word ‘kiki’ (cf. Figure 1), known as the bouba/kiki-effect.
The bouba/kiki-effect occurs even when people have not had any experience with either the shape

or word (Ramachandran & Hubbard, 2001).

Bouba Kiki

Figure 1: Bouba and kiki

These shape-spoken word associations were first reported by Koéhler in 1929, who presented two
shapes to his participants — one rounded and one angular (similar to those in Figure 1) — and asked
them to pick out either ‘baluma’ or ‘takete’. Since then, researchers have found the same
associations with other word pairs as well; for example, ‘maluma’ and ‘takete’, ‘uloomo’ and
‘takete’,‘maa-bo0-maa’ and ‘tuh-kee-tee’, and ‘bouba’ and ‘kiki’ (e.g. Davis, 1961; Maurer,
Pathman, & Mondloch, 2006; Nielsen & Rendall, 2011; Ramachandran & Hubbard, 2001). These
shape-spoken word associations were named the ‘bouba/kiki-effect” by Ramachandran and Hubbard
in 2001. The bouba/kiki-effect precedes language learning and occurs across languages (e.g.
Bremner, Caparos, Davidoff, de Fockert, Linnell, & Spence, 2013; Davis, 1961; Maurer et al., 2006;
Ozturk, Krehm, & Vouloumanos, 2013; Ramachandran & Hubbard, 2001). It occurs with both
bouba and kiki, that is, not just with the curved bouba (cf. people’s preference for visual curves over
visual angles: e.g., Bar & Neta, 2006; Bertamini, Palumbo, Gheorghes, & Galatsidas, 2016; Quinn,
Brown, & Streppa, 1997; Silvia & Barona, 2009). In fact, the bouba/kiki-effect depends on the
particular combination of vowels and consonants [e.g. it does not occur with ‘bibi’ and ‘kuku’ (e.g.
Nielsen & Rendall, 2011; Ozturk et al., 2013; Ramachandran & Hubbard, 2001)]; in fact, it seems
that the sound of the word, or its melody, is the most crucial, as opposed to the word itself.

The bouba/kiki-effect appears less robust when using haptic touch instead of vision (Fryer,
Freeman, & Pring, 2014). In haptic touch — the combination of touch and movement (Katz, 1989;
Millar, 1997, 2008) — tactile information is perceived serially (Lederman, Browse, & Klatzky, 1988;
Millar, 1984): People who use haptic touch have to link together numerous finger pad-sized pieces
of tactile information in order to recognise, for example, each curve in the bouba shape and each
angle in the kiki shape.

Fryer, Freeman, and Pring (2014) asked 42 participants who were visually impaired (ranging from
congenital to recent onset, and from total blindness to partial sight), and 80 who were fully sighted
to explore four bouba and kiki pairs by haptic touch, that is, 2D cut-outs and 3D models based on
the original bouba and kiki shapes (Kohler, 1929; Ramachandran & Hubbard, 2001. Cf. Figure 1):
Pairs A and B were 3D and 2D tactile shapes, respectively. Pairs C and D were identical in tactile
shape, but differed in tactile texture (smooth v rough and smooth v spiky, respectively). All four
pairs were presented separately inside a cotton bag, thereby preventing any exploration by vision.
Those who were visually impaired picked out the ‘correct’ tactile bouba/kiki in ~64% of all trials,
and those who were fully sighted in ~90%. Fryer et al. (2014) argued that the significantly less
robust bouba/kiki-effect among those who are visually impaired, compared to the fully sighted, is
due to a lack of visual imagery. Those who are fully sighted can notice regularities in their



environment that are not easily accessed with little, or no vision. In a related vein, Fontana (2013)
asked 11 blindfolded-sighted participants to grasp a robotic stylus programmed to draw trajectories
of the bouba and kiki shapes, and to signal which trajectory they associated with the spoken word
‘takete’. After a two-minute kinaesthetic training period with the two bouba and kiki trajectories,
82% of the participants showed a kinaesthetic-auditory bouba/kiki-effect.

It is still not clear, however, whether there is an instant bouba/kiki-effect when using haptic touch:
Fryer et al. (2014) calculated the effect across trials. It is also not clear whether people notice
tactile-auditory regularities, and whether these regularities affect the bouba/kiki-effect: Fryer et al.
(2014) did not compare the tactile-auditory bouba/kiki-effect on, for example, the first versus the
last trial, and Fontana (2013) did not compare the post-training kinaesthetic-auditory bouba/kiki-
effect to a pre-test, nor to a control group. To this end, it is not clear whether visual imagery in fact
is needed for the tactile-auditory bouba/kiki-effect to occur. Those who were fully sighted in Fryer
et al.’s (2014) study did not wear a blindfold, and thus could easily observe the experimenter’s
rounded and angular lip movements when announcing the bouba and kiki words (cf. Ramachandran
& Hubbard, 2001). Inevitably, this brings up the question of whether they in actual fact showed a
tactile-visual-auditory bouba/kiki-effect: indeed, perceiving information from three senses
simultaneously, instead of drawing upon any visual imagery. Further, in Fryer et al.’s (2014) study,
of the 42 participants who were visually impaired only six had congenital total blindness (thus no
visual imagery at all), one had congenital visual shape perception, one had congenital face
recognition, and 34 had experienced full vision; 13 of whom still had face recognition. In other
words; 36 of the 42 participants may have had at least some visual imagery, and 14 of these may
have been able to observe at least some of the experimenter’s rounded and angular lip movements
when announcing the bouba and kiki words (cf. Fryer et al., 2014; Ramachandran & Hubbard,
2001). This also brings up the question of whether the majority of the participants who were
visually impaired in Fryer et al.’s (2014) study failed to draw upon their visual imagery, whether
they too in actual fact showed a tactile-visual-auditory bouba/kiki-effect, and/or whether they, for
example because of perceiving limited visual information, failed to fully integrate all of the
multisensory tactile, visual, and auditory information.

This study, therefore, investigated in three experiments: first, whether there is an instant bouba/kiki-
effect when using haptic touch, including the role of visual imagery (Experiment 1). It also
investigated whether people notice tactile/visual-auditory bouba and kiki regularities, and whether
these regularities affect the bouba/kiki-effect (Experiment 1); second, whether these regularities
affect the recognition of tactile/visual bouba and kiki shapes (Experiment 2); and third, what mental
images these regularities produce, as depicted in tactile/visual drawings (Experiment 3). In order to
generate tactile/visual-auditory bouba and kiki regularities (cf. Fryer et al., 2014), and not merely,
for example, kiki-shape/kiki-word particularities (Ramachandran & Hubbard, 2001), this study
included two types of tactile/visual (outlined; filled), and two types of auditory bouba and kiki
(word; and non-word sound). The three experiments were conducted in fixed order across
participants, that is, to keep under control as much as possible the participants’ amount and type of
experience with the tactile/visual-auditory bouba and kiki regularities (cf. Fryer et al. 2014).

2.0.0.0 EXPERIMENT 1: THE BOUBA/KIKI-EFFECT

This first experiment investigated:

— Is there an instant tactile/visual-auditory bouba/kiki-effect, and how is this bouba/kiki-effect
affected by visual imagery?

— Are the tactile/visual-auditory bouba and kiki regularities noticed at all, that is, do they affect the
tactile/visual-auditory bouba/kiki-effect?

2.1.0.0 Method
2.1.1.0 Design



Experiment 1 was designed as a pre-test-post-test quasi-experiment, with three groups of participants:

Blind (to which the participants were not randomly assigned), blindfold, and vision. The treatment,

or training aimed to generate tactile/visual-auditory bouba and kiki regularities, and thus included a

series of repeated and related types of bouba and kiki (outlined; filled and word; sound). In addition,

there were three repeated within-group measures, testing the effect of:

— repeated tactile/visual type (outlined) and varied auditory type (word; sound) of bouba and kiki;

— new tactile/visual type (filled) and varied auditory type (word; sound) of bouba and kiki; and,

— tactile/visual-auditory bouba and kiki regularities, that is, varied tactile/visual type (outlined;
filled, and varied auditory type (word; sound) of bouba and kiki.

2.1.2.0 Participants

Thirty-six individuals who were compensated for their time, participated. Twelve were congenitally
blind (7 females, mean age = 47.1 years) — ten were born blind and two were blinded less than four
months after birth. Of these twelve participants, five had total blindness, three had light perception
(perceiving a light source), and four had light projection (perceiving where a light source is situated:
WHO, 2017). All were braille readers. Twelve participants were blindfolded-sighted (8 females, mean
age = 28.3 years), and twelve were sighted (11 females, mean age = 25.1 years), with normal/corrected
to normal vision. All 36 participants had normal/corrected to normal hearing. No one had a cognitive
delay or impairment, nor any physical disabilities. Their education ranged from comprehensive
school level to a doctoral degree. All were naive to the bouba/kiki-effect (cf. also Table 1).

Table 1: Self-reported experience in exploring tactile pictures

. Experience
Participants who were
P 1 —none 2 3 4 5-alot
congenitally blind 0 1 5 4 2
blindfolded-sighted 11 1 0 0 0

Experience in exploring tactile pictures, symbols, illustrations, graphs, figures, and diagrams
(without any vision) produced on swell paper or plastic embossing film, or as a thermoform collage

2.1.3.0 Test material

2.1.3.1 Tactile/visual test material

Bouba and kiki (each shape measuring 30 x 23mm) were printed on swell paper, glued separately
on foam board (50 x 50mm; 5mm thick), and presented on a rubber mat (140 x 230mm). There
were two types of bouba and kiki: outlined (1.5 pt. line) and filled (cf. Figure 2). The height of the
tactile bouba and kiki shapes were approximately 0.5mm.

Outlined Filled

Figure 2: Tactile/visual test material




2.1.3.2 Auditory test material

Bouba and kiki were presented separately via an MP3-player, with one built-in loudspeaker. There
were two types of bouba and kiki: word and (non-word) sound. The sound was created, using a sine
wave generator and pitch bend, by mimicking the melody (i.e. duration and frequency) of the
spoken words ‘bouba’ and ‘kiki’ (cf. Table 2).

Table 2: Auditory test material

Word: (native) English speaking female Sound: Sine wave
Duration Frequency (in Hz) Duration Frequency (in Hz)
Bouba |14.15/25.00 ths of asec | 759-1500-250 1.00 sec 474-560 (centred at 500)
Kiki [18.43/25.00 ths of asec | 750-250 3.00 sec 604-1972 (centred at 1000)

2.1.4.0 Procedure

The experiment took place in a quiet room, neutral in colour. All sighted participants were
randomly assigned to either the blindfold or the vision-group. The participants who were assigned
to the blindfold-group put on their blindfold immediately and prior to the set-up of Experiment 1.

There were eight trials in total: Trials 1-4 contained the outlined type of the tactile/visual bouba and
kiki, and Trials 5-8 the filled type. The order of outlined and filled was randomly assigned. Trial 1

(pre-test) was the bouba-word: bouba/kiki was randomly assigned. Both bouba/kiki and word/sound
were randomly assigned to the remaining seven trials, so that in total there were four word and four
sound trials; four bouba and four kiki trials. The trials were presented in fixed order across participants.

2.1.4.1 Set-up of the tactile/visual test material

The rubber mat was presented directly in front of the participant and prevented the test material
from moving around on the table. To enhance the participants’ ability to form mental images of the
bouba and kiki shapes without interference, for example from their position on the rubber mat,
bouba was always on the left, kiki on the right, and they were never rotated. The participants were
ignorant of the fixed presentation of bouba and kiki (i.e. bouba on left, kiki on right; no rotation), as
well as the two types of bouba and kiki (i.e. outlined and filled).

2.1.4.2 Set-up of the auditory test material

The MP3-player, with one built-in loudspeaker, was presented directly in front of the participant. It
prevented the participants in the vision-group from observing the experimenter’s lip movements on
the bouba/kiki word-trials (cf. Ramachandran & Hubbard, 2001), thus keeping consistent the
amount of sensory information across all experimental groups. The participants were ignorant of the
two types of bouba and kiki (i.e. word and sound).

2.1.4.3 Conducting the test

Participants in the blind and blindfold-group were invited to explore the rubber mat (e.g. for size and
texture) before the test material was introduced. The experimenter explained that two separate picture
cards, each one picturing a tactile/visual shape, would be presented on the rubber mat, and that some
audio would correspond to one of the picture cards. All trials were set up behind a carton plate — to
ensure that the participants could not take a sneak peek at what was in store. Participants in the
blind and the blindfold-group were asked to explore the picture cards by haptic touch, and
participants in the vision-group to explore the picture cards by vision.



At the start of each trial, in the blind and blindfold-group, the participant had to make a fist with
both hands and to place them (guided by the experimenter) on top of the presented picture cards,
with the experimenter’s left hand now being on top. In the vision-group, the carton plate covered
the presented picture cards. At this point, the experimenter asked the participant to explore the two
tactile/visual shapes: to start when the experimenter’s hand/carton plate was removed and to stop by
saying ‘yes’ (upon which the picture cards were covered). Finally, the audio appeared and the
participant signalled (by saying e.g. ‘left/right’; ‘curvy/angular’; ‘flower/star’), which tactile/visual
shape they associated with the presented audio. The experimenter did not comment on their answer.

2.1.5.0 Task
— Please, pick out the tactile/visual shape that you associate with the presented audio.

2.1.6.0 Scoring
Correct association of the tactile/visual bouba/kiki shape with the presented bouba/kiki audio, for
example, the tactile/visual bouba shape associated with the bouba audio.

2.1.7.0 Analysis

Two two-way chi square tests were conducted to compare the three experimental groups (blind,;

blindfold; vision) before [pre-test (Trial 1)] and after the training [post-test (Trial 8)], that aimed to

generate tactile/visual-auditory bouba and Kiki regularities. Fisher’s exact test was conducted when

the number of observations in one or more cells was less than five. In addition, three sets of four chi

square goodness-of-fit tests (blind; blindfold; vision) were conducted to test whether there was:

— an instant bouba/kiki-effect [pre-test (Trial 1)];

— an effect of repeated tactile/visual type (outlined) and varied auditory type (word; sound) of bouba
and kiki [repeated measure (Trial 4)];

— an effect of new tactile/visual type (filled) and varied auditory type (word; sound) of bouba and
kiki [repeated measure (Trial 5)]; and,

— an effect of tactile/visual-auditory bouba and kiki regularities, that is, varied tactile/visual type
(outlined; filled) and varied auditory type (word; sound) of bouba and kiki [repeated measure and
post-test (Trial 8)].

All statistical analyses were calculated on the number of participants, and also when percentages are
reported. Because of the modest sample size, the significance level was set to 10%.

2.2.0.0 Results and discussion

50% of the participants who were blind, 75% of those who were blindfolded, and ~83% of those
who were fully sighted showed an instant bouba/kiki-effect before the training that aimed to
generate tactile/visual-auditory bouba and kiki regularities [pre-test (Trial 1)]. Fisher’s exact test
found no significant difference between the participants who were blind and the participants who
were blindfolded (p = 0.40); between those who were blind and those who were fully sighted (p =
0.19), and between the blindfolded and the fully sighted (p = 1.00). The participants who were blind
did not show an instant bouba/kiki-effect significantly above the chance level [of 50% (x*(1. N =
12) = 0.00, p = 1.00)], whereas both the blindfolded and the fully sighted did: ¥?(1. N = 12) = 3.00,
p =0.08 and ¥?(1. N = 12) = 5.33, p = 0.02, respectively [cf. Figure 3, Trial 1 (pre-test)].

These results are in line with Fryer et al. (2014), who suggested that visual imagery is needed for
the tactile-auditory bouba/kiki-effect to occur. Fryer et al. (2014) continued their argument by
emphasising the effect of people’s ability to notice regularities in their environment. Then again, do
the mental images and the sensory regularities in fact have to be based on, or even include visual
information? Certainly, Fontana (2013) found a significant kinaesthetic-auditory bouba/kiki-effect
after a two-minute kinaesthetic training period with the two bouba and kiki trajectories.



The question now, therefore, is whether the participants were able to notice tactile/visual-auditory
bouba and kiki regularities and, indeed, whether these regularities affected the bouba/kiki-effect.
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Figure 3: The bouba/kiki-effect per participant and trial

Bouba/kiki-effect on pre-test, repeated within-group measures, and post-test

No bouba/kiki-effect

Bouba/kiki-effect on non-tested and non-measured trials

Trials 1-4: Outlined tactile/visual bouba and kiki shapes + auditory:
Trial 1; Boubaword  Trial 2: Kiki sound Trial 3;: Bouba sound Trial 4: Kiki word

Trials 5-8: Filled tactile/visual bouba and kiki shapes + auditory:
Trial 5: Bouba sound Trial 6: Kiki word Trial 7: Boubaword  Trial 8: Kiki sound

Repeated tactile/visual type and varied auditory type of bouba and kiki resulted in a bouba/kiki-effect
significantly above the chance level (of 50%), for the blind and the vision-group. 9 participants in the
blind-group, and 9 in the vision-group showed the bouba/kiki-effect: ¥?(1. N = 12) = 3.00, p = 0.08

and y?(1. N = 12) = 3.00, p = 0.08, respectively. In contrast, 7 participants in the blindfold-group now
showed the bouba/kiki-effect [?(1. N=12) =0.33, p=0.56. Cf. Figure 3, Trial 4 (repeated measure)].

Even more participants in the blind and the vision-group showed the bouba/kiki-effect with new
tactile/visual type and varied auditory type of bouba and kiki; the blindfold-group remained
unchanged. In fact, 11 participants who were blind, and 11 who were fully sighted now showed the



bouba/kiki-effect: ¥*(1. N = 12) = 8.33, p = 0.00 and ¥?(1. N = 12) = 8.33, p = 0.00, respectively,
and 7 participants in the blindfold-group [?(1. N = 12) = 0.33, p = 0.56. Cf. Figure 3, Trial 5
(repeated measure)].

Finally, the training that aimed to generate tactile/visual-auditory bouba and kiki regularities, that is,
varied tactile/visual type and varied auditory type of bouba and kiki, resulted in a bouba/kiki-effect
significantly above the chance level (of 50%), in the blind and the vision-group, but not in the
blindfold-group. 75% of the participants who were blind, 100% of those who were fully sighted,
and 50% of those who were blindfolded now showed the bouba/kiki-effect: ¥*(1. N = 12) = 3.00, p =
0.08, ¥3(1. N = 12) = 12.00, p = 0.00, and ¥*(1. N = 12) = 0.00, p = 1.00, respectively [cf. Figure 3,
Trial 8 (repeated measure)]. Fisher’s exact test found no significant difference between the
participants who were blind and the participants who were fully sighted (p = 0.22) and between those
who were blind and those who were blindfolded (p = 0.40), but it did find a significant difference
between the fully sighted and the blindfolded [p = 0.01. Cf. Figure 3, Trial 8 (post-test)].

In sum, both the participants who were blind and the participants who were fully sighted were able to
notice tactile/visual-auditory bouba and kiki regularities. The number of participants who showed the
bouba/kiki-effect did indeed increase from the pre-test (Trial 1) to the post-test (Trial 8). These results
suggest that the sensory regularities and mental images needed for the tactile-auditory bouba/kiki-
effect to occur do not have to be based on, or even include visual information. In fact, visual
imagery was not enough long term for the blindfold-group. The number of participants who showed
the tactile-auditory bouba/kiki-effect decreased significantly from the pre-test (Trial 1) to the post-
test (Trial 8) — as if they were able to call upon their visual imagery as a ‘one off” (in Trial 1, only).

That visual imagery is not enough conforms with previous research on tactile picture recognition,
which has suggested that tactile, rather than visual experience is needed (Graven, 2003; Heller,
1989; Heller, Wilson, Steffen, Yoneyama, & Brackett, 2003). It is not clear however from previous
research, whether this tactile experience should include repeated and specific experience, for
example with each bouba and kiki shape, or a variety of experiences with familiar shape features,
such as angles and curves within the global shapes, for example within the global bouba and kiki
shapes (cf. Graven, 2004, 2005; Ostad, 1989).

Experiment 1 found that repeated tactile/visual and varied auditory [cf. Figure 3, Trial 1 (pre-test)
and Trial 4 (repeated measure)], and new/varied tactile/visual and varied auditory experience with
bouba and kiki [cf. Figure 3, Trial 4 (repeated measure), Trial 5 (repeated measure), and Trial 8
(repeated measure and post-test)] indeed increased the number of participants who showed the
tactile/visual-auditory bouba/kiki-effect. Then again, both the tactile/visual and the auditory
variation was quite limited (outlined; filled and word; sound). In addition, the increase in the
number of participants who showed the tactile/visual-auditory bouba/kiki-effect was found only with
those for whom the training was presented to a sense that they were already experienced in using,
that is, haptic touch for the blind-group, and vision for the vision-group. It was not found with those
for whom the training was presented to a sense that they were not experienced in using, that is,
haptic touch for the blindfold-group (cf. Table 1).

That the participants who were blindfolded were not able to notice tactile/visual-auditory bouba and
kiki regularities: the number of participants who showed the bouba/kiki-effect decreasing
significantly, from the pre-test (Trial 1) to the post-test (Trial 8), brings up questions about perceptual
readiness (Brunner, 1957) and expected information (Spence, Nicholls, & Driver, 2001). Could it be
that these blindfolded participants were perceptually curious in the pre-test (Trial 1) — only one had
tried exploring tactile pictures before this study (cf. Table 1) — but that they were not in a state of
perceptual readiness for using haptic touch long term? If so, could it also be that as their perceptual



curiosity dampened, their old habits of expecting visual information started to kick in; and thus,
their perceived and expected information did not match?

With Experiment 1 in mind, the question now is whether the tactile/visual-auditory bouba and kiKki
regularities could be used to solve other problems as well, including whether they affected the
recognition of tactile/visual bouba and kiki shapes.

3.0.0.0 Experiment 2: Recognising tactile/visual bouba and Kiki

This second experiment investigated:

— Do the tactile/visual-auditory bouba and kiki regularities, including visual imagery, affect the
recognition of individual tactile/visual bouba/kiki shapes?

3.1.0.0 Method

3.1.1.0 Design

A within-subject design was employed, with three groups of participants: Bind (to which the
participants were not randomly assigned), blindfold, and vision. First, there was one measure of the
instant recognition of the tactile/visual-auditory bouba and kiki. Then, there were two repeated
within-group measures of whether (a) congruous (e.g. bouba + bouba), and (b) incongruous (e.g.
bouba + kiki) tactile/visual + auditory information affected the recognition of the tactile/visual
bouba and kiki shapes.

3.1.2.0 Participants
The participants were the same as in Experiment 1.

3.1.3.0 Test material

The test material was the same as in Experiment 1. However, to ensure that the three groups of
participants had equal auditory experience with bouba and kiki as much as possible (cf. Fryer et al.
2014; Ramachandran & Hubbard, 2001), the bouba/kiki word was excluded (cf. Table 2).

3.1.4.0 Procedure
Experiment 2 followed immediately after Experiment 1. The participants who were blindfolded in
Experiment 1 kept their blindfold on, and also during the set-up of Experiment 2.

There were eight trials in total. In half the trials the tactile/visual and the auditory bouba and kiki
were congruous, and in the other half they were incongruous. Trial 1 was kiki-shape + kiki-sound:
bouba/kiki was randomly assigned. In the remaining seven trials, both bouba/kiki and
congruous/incongruous were randomly assigned. The tactile/visual type of bouba and kiki (outlined;
filled) was randomly assigned to all eight trials. (Trial 1 was the outlined type.) In total, there were
four bouba and four kiki trials; four congruous and four incongruous trials, and four outline and four
filled trials. All trials were presented in fixed order across participants. The participants were ignorant
of the two types of tactile/visual (i.e. outlined and filled) as well as the one type of auditory (i.e.
sound) bouba and kiki, and also the two types of congruousness (i.e. congruous and incongruous).

3.1.4.1 Set-up of the tactile/visual and auditory test material

The set-up of the tactile/visual and auditory test material was the same as in Experiment 1, except
that in Experiment 2 only one tactile/visual picture card was presented on the rubber mat — either
bouba or kiki.

3.1.4.2 Conducting the test

The test material was presented, and the trials introduced as in Experiment 1. Participants in the
blind and the blindfold-group were asked to explore the picture cards by haptic touch, and
participants in the vision-group to explore the picture cards by vision. In Experiment 2, the



experimenter explained that one picture card, picturing a tactile/visual shape, would be presented on
the rubber mat together with a segment of audio via the MP3-player: the audio appearing one time
per picture card, that is, as soon as the participant started exploring the tactile/visual shape. The
experimenter asked the participant to explore the tactile/visual shape and listen to the audio in order
to name them ‘Bouba’ or ‘Kiki’: one name only (cf. Heller, Calcaterra, Burson, & Tyler, 1996;
Heller & Gentaz, 2014; Pathak & Pring, 1989), that is, to start when the experimenter’s hand/carton
plate was removed, to stop by saying ‘yes’ (upon which the picture card was covered), and to name
them. The experimenter did not comment on the participant’s answer.

3.1.5.0 Task
Please, name the tactile/visual shape and the audio either ‘Bouba’ or ‘Kiki’: one name only.

3.1.6.0 Scoring
Correct naming of the tactile/visual shape.

3.1.7.0 Analysis
First, three chi square goodness-of-fit tests (blind; blindfold; vision) were conducted to test the
instant recognition of the tactile/visual-auditory kiki.

Next, three sets of two chi square goodness-of-fit tests (blind; blindfold; vision) were conducted to
test whether (1) congruous, and (2) incongruous tactile/visual + auditory information affected the
recognition of the tactile/visual bouba and kiki shapes. In these statistical analyses, the participants
were counted as ‘correct” when they had recognised >75% of all tactile/visual bouba and kiKki
shapes [¢?(1. N = 100) = 25.00, p = 0.00].

All statistical analyses were calculated on the number of participants, and also when percentages are
reported. Because of the modest sample size, the significance level was set to 10%.

3.2.0.0 Results and discussion

~92% of the participants who were blind, 75% of those who were blindfolded, and 100% of those
who were fully sighted showed an instant recognition of the tactile/visual-auditory kiki — indeed all
significantly above the chance level (of 50%): ¥(1. N = 12) = 8.33, p = 0.00, *(1. N = 12) = 3.00, p
=0.08, and (1. N = 12) = 12.00, p = 0.00, respectively (cf. Figure 4, Trial 1).

These results suggest that when the participants who were experienced in using either haptic touch
or vision have noticed the tactile/visual-auditory bouba and kiki regularities (i.e. the blind and the
vision-group: cf. Experiment 1), they were able to use these regularities to solve other problems as
well, at least the instant recognition of the tactile/visual-auditory bouba and kiki. Moreover, these
results lend support to Experiment 1, suggesting that sensory regularities and mental images
concerning bouba and kiki do not have to be based on, or even include visual information. With
those participants who were not experienced in using haptic touch (i.e. the blindfold-group), these
results suggest that they too were able to notice tactile-auditory bouba and kiki regularities — they
simply needed a little more experience — (cf. Graven, 2003, 2004, 2005; Heller, 1989; Heller et al.
2003; Ostad, 1989. Cf. Experiment 1). This again brings up the question about perceptual readiness
(Brunner, 1957). Was the blindfold-group now perceptually ready for using haptic touch long term,
or was their perceptual curiosity merely rekindled, that is, by the new problem to be solved? Either
way, it seems that their perceived and expected information now matched (Spence et al. 2001).
Alternatively, these results suggest that the participants who were not experienced in using haptic
touch (i.e. the blindfold-group) were able to draw upon their visual imagery every time a new
problem needed solving, even if only as a ‘one off” solely in Trial 1 (cf. Experiment 1; Figure 4).




Then again, all participants (blind; blindfold; vision) may have ignored half of the presented
sensory information altogether, that is, either the tactile/visual or the auditory kiki. Clearly, it would
have been possible for them to recognise kiki using one sense only, for example hearing. The
question now, therefore, is whether the tactile/visual-auditory bouba and kiki regularities affected
their recognition of the tactile/visual bouba and kiki shapes: more specifically, whether (a)
congruous, and (b) incongruous tactile/visual + auditory information affected the recognition of
tactile/visual bouba and kiki shapes.
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Figure 4: The recognition of bouba and kiki per participant and trial

Correct recognition of congruous tactile/visual + auditory bouba and kiki

Correct recognition of incongruous tactile/visual + auditory bouba and kiki

Tactile/visual + auditory:
Trial 1: Kiki + Kiki Trial 2: Kiki + Bouba Trial 3: Bouba+ Bouba Trial 4: Bouba+ Bouba
Trial 5:; Kiki + Bouba Trial 6; Bouba + Kiki Trial 7: Bouba + Kiki Trial 8: Kiki + Kiki

11 participants who were blind recognised the tactile bouba and kiki shapes when congruous audio
was presented, and 10 participants when incongruous — both the congruous and the incongruous
tactile + auditory information significantly above the chance level (of 50%): ¥*(1. N = 12) =8.33, p
=0.00 and ¥%(1. N = 12) = 5.33, p = 0.02, respectively (cf. Figure 4). Considering that they
recognised the tactile bouba and kiki shapes also when incongruous audio was presented, it seems
they ignored the auditory information altogether — they rather relied on the tactile information. One
reason for this could be that they had no need per se to integrate the tactile and the auditory



information — they recognised the tactile bouba and kiki shapes regardless — and another that they
considered information from haptic touch to be much more reliable than that from hearing. A third
reason for ignoring the auditory information could be that they had not yet adopted the tactile-
auditory bouba and kiki regularities — they had merely noticed them (cf. Experiment 1).

In the blindfold-group, 9 participants recognised the tactile bouba and kiki shapes when congruous
audio was presented, and 8 participants when incongruous — the congruous tactile + auditory
information significantly above the chance level (of 50%): ¥?(1. N = 12) = 3.00, p = 0.08 and (1.
N =12) =1.33, p = 0.25, respectively (cf. Figure 4). Clearly, they integrated the sensory information
about bouba and kiki. These results suggest that they had now noticed and adopted the tactile-auditory
bouba and kiki regularities (cf. Experiment 1), but also that they had little, or no understanding of
when to use these regularities and when to ignore sensory information. When the tactile and the
auditory information was, or could not be integrated the majority of the blindfold-group sometimes
ignored the tactile information, and sometimes the auditory information, as if they were trying out
whether to rely on information from haptic touch or on information from hearing (cf. Figure 4).
These results again bring up the questions about visual imagery (cf. Fryer et al. 2014) and expected
information (Spence et al. 2001). Did the auditory information, when integrated with the tactile
information, enable the blindfold-group to draw upon their visual imagery long term, or were their
mental images rather based on tactile-auditory information? They did not know about bouba and kiki
before this study (cf. Experiment 1). Also, did the auditory information, when integrated with the
tactile information, enable them to match their perceived and expected information? Moreover, when
the auditory and the tactile information was, or could not be integrated was their trying out of which
sense to rely on in actual fact a trying out of which sensory information, if any, would call upon their
visual imagery, and/or which sensory information, if any, would match their expected information?

Experiment 2 found that those who were experienced in using haptic touch ignored the auditory
information altogether (i.e. the blind-group), and that those who were not experienced in using haptic
touch integrated the tactile and the auditory information about bouba and kiki (i.e. the blindfold-
group). These results are in line with Hotting and Rdder (2009), who suggested that the likelihood of
multisensory tactile-auditory integration is low in people who are blind, compared to the blindfolded
and the fully sighted, because of their enhanced perceptual skills in using both haptic touch and
hearing (cf. ‘the inverse efficiency principle of multisensory integration’: Stein & Meredith, 1993).

Finally, 12 participants who were fully sighted recognised the visual bouba and kiki shapes when
congruous audio was presented, and 6 participants when incongruous — the congruous visual +
auditory information significantly above the chance level (of 50%): ¥?(1. N = 12) = 12.00, p = 0.00
and ¥?(1. N = 12) = 0.00, p = 1.00, respectively (cf. Figure 4). Clearly, like the blindfold-group, they
too integrated the sensory information about bouba and kiki. These results suggest that they had
adopted the visual-auditory bouba and kiki regularities and that they, in contrast to the blindfold-
group, had an understanding of when to use these regularities and when to ignore sensory
information (cf. Experiment 1). When the visual and the auditory information was, or could not be
integrated the vision-group split in two, half the vision-group ignored the auditory information, and
half the vision-group disregarded the visual information (cf. Figure 4). It seems that with increased
experience in using either haptic touch or vision comes a personal preference for which sense to
rely on when the tactile/visual and the auditory bouba and kiki information is, or cannot be
integrated. Certainly, those who were experienced in using haptic touch relied on haptic touch (i.e.
the blind-group); and those who were experienced in using vision relied on either vision or hearing
(i.e. the vision-group), whereas those who were not experienced in using haptic touch sometimes
relied on haptic touch and sometimes on hearing (i.e. the blindfold-group).



With Experiment 1 and Experiment 2 in mind, the question now is what mental images the
tactile/visual-auditory bouba and kiki regularities have produced, as depicted in tactile/visual
drawings.

4.0.0.0 Experiment 3: Mental images of auditory bouba and Kiki

This third experiment investigated:

— What mental images do the tactile/visual-auditory bouba and kiki regularities produce, as depicted
in tactile/visual drawings, and how are the mental images affected by prior shape experience, that
is, tactile or visual, including visual imagery?

4.1.0.0 Method

4.1.1.0 Design

Experiment 3 was designed as a post-test only quasi-experiment, with three groups of participants:
Blind (to which the participants were not randomly assigned), blindfold, and vision. The treatment,
or training aimed to produce mental images concerning bouba and kiki, and thus included a variety
of experiences with the tactile/visual-auditory bouba and kiki regularities: in fact, already presented
in Experiment 1 and Experiment 2.

4.1.2.0 Participants
The participants were the same as in Experiment 1 and Experiment 2 (cf. also Table 3).

Table 3: Self-reported experience in drawing tactile pictures

- Experience
Part ts wh
artcipants who were 1_none 2 3 7 5 alot
congenitally blind 1 5 3 3 0
blindfolded-sighted 12 0 0 0 0

Experience in drawing tactile pictures, symbols, illustrations, graphs, figures, and diagrams (without
any vision) using plastic embossing film, braille paper or office paper placed on top of a rubber mat

4.1.3.0 Test material

4.1.3.1 Tactile/visual test material

Plastic embossing film for the moon hand frame, white Office Depot paper (80 g/m?; cut into the
Ab5-format), and one rubber mat (140 x 230mm). In addition, one saddleback style and one black
rollerball pen (Uni-ball UM1535 Impact Gel Rollerball 1.0mm tip).

4.1.3.2 Auditory test material
The auditory test material was the same as in Experiment 1 (cf. Table 2).

4.1.4.0 Procedure

Experiment 3 followed immediately after Experiment 2. The participants who were blindfolded in
Experiment 1 and Experiment 2 kept their blindfold on, and also during the set-up of Experiment 3.
Both bouba/kiki and word/sound were randomly assigned to all trials, so that there were two bouba
and two Kiki trials; two word and two sound trials — four trials in total, presented in fixed order
across participants. (Trial 1 was the kiki-sound.) The participants were ignorant of the two types of
auditory bouba and kiki (i.e. word and sound): indeed, also of the fact that Experiment 3 included
bouba and kiki.

4.1.4.1 Set-up of the tactile/visual and auditory test material



The set-up of the tactile/visual and auditory test material was the same as in Experiment 1 and
Experiment 2, except that in Experiment 3 the plastic embossing film/office paper was presented on
top of the rubber mat instead of the tactile/visual picture card(s).

4.1.4.2 Conducting the test

The test material was presented as in Experiment 1 and Experiment 2. In Experiment 3, participants
in the blind and the blindfold-group were asked to draw tactile pictures of the presented audio, and
participants in the vision-group to draw visual pictures. Participants who were blind and blindfolded
were invited to try out and decide for themselves which drawing equipment they preferred — plastic
embossing film or office paper and saddleback style or rollerball pen.

The experimenter explained that some audio would be presented via the MP3-player, that is, one
time per drawing. All participants had to make a fist with both hands, holding the saddleback
style/rollerball pen, and to place them (guided by the experimenter) in the middle of the plastic
embossing film/office paper, with the experimenter’s left hand now being on top. At this point, the
experimenter asked the participant to draw their mental image of the tactile/visual shape that they
associated with the presented audio, that is, to start when the experimenter’s hand was removed and
the audio appeared, and to stop by saying ‘yes’ (upon which their drawing was removed and
labelled with the correct trial number, in the bottom right corner). The experimenter did not
comment on the participant’s drawing.

4.1.5.0 Task
Please, draw the shape that you associate with the presented audio.

4.1.6.0 Scoring

— What shape is drawn, that is, ‘Bouba’ or ‘Kiki’.

— Who drew the shape, that is, ‘somebody who is blind since birth’, ‘somebody who is blindfolded’
or ‘somebody who is fully sighted’.

A new group of individuals, naive to this study, were invited to conduct the scoring. This group
consisted of 24 individuals, or scorers (18 females, mean age 52.8 years), all with normal/corrected
to normal vision and hearing. All scorers showed a shape-printed word bouba/kiki-effect. The
scorers were asked to answer a questionnaire, containing pictures of all the bouba and kiki drawings
and two multiple-choice questions per picture: (1) Is the pictured shape ‘Bouba’ or ‘Kiki’, and (2) Is
the pictured shape drawn by someone who is blind (since birth), blindfolded, or fully sighted.

All drawings were scanned (1:1 size) into the .jpg format and scaled down to include 12 pictures per
questionnaire page in landscape A4-format: Bouba/kiki, word/sound, and blind/blindfold/vision were
randomly assigned. In total, there were two bouba and two kiki drawings; two word and two sound
drawings x 12 pictures drawn by the participants who were blind, 12 by those who were
blindfolded, and 12 by those who were fully sighted = 144 drawings.

Scorers 1, 3, 5, and so on received pictures 1-72, and scorers 2, 4, 6, and so on were given pictures
73-144. Pages 2-8 (containing pictures 1-72) and pages 10-16 (containing pictures 73-144) were
shuffled around in random order. The two halves were not mixed. The participants answered the
questionnaire in writing, by underlining their chosen answer.

4.1.7.0 Analysis

Two sets of three chi square goodness-of-fit tests (blind; blindfold; vision) were conducted to test
whether the participants had drawn (1) instantly, and (2) across trials mental images, that is,
tactile/visual shapes, that corresponded to the presented auditory bouba and kiki. Next, a two-way
chi square test was conducted to compare the three participant groups (blind; blindfold; vision)



across trials. Fisher’s exact test was conducted when the number of observations in one or more
cells was less than five.

In these statistical analyses the participants (blind; blindfold; vision) were counted as ‘correspond’,

‘not correspond’, and ‘inconclusive’, that is:

— ‘correspond’ when (1) >9 scorers agreed on which tactile/visual shape (bouba or kiki) the
participant in question had drawn, and (1) this shape corresponded to the presented audio (bouba
or kiki) in this trial;

— ‘not correspond’ when (1) >9 scorers agreed on which tactile/visual shape (bouba or kiki) the
participant in question had drawn, and (11) this shape did not correspond to the presented audio
(bouba or kiki) in this trial; and,

— ‘inconclusive’ when <9 scorers agreed on which tactile/visual shape (bouba or kiki) the
participant in question had drawn. ‘Inconclusive’ participant drawings were removed from the
statistical analyses.

— Then, across trials (and with ‘inconclusive’ participant drawings removed), the participants were
counted as ‘correspond’ when >75% of their drawn mental images, that is, tactile/visual shapes,
corresponded to the presented auditory bouba and Kiki [x?(1. N = 100) = 25.00, p = 0.00].

Finally, three chi square goodness-of-fit tests were conducted to test whether the three groups of
participants (blind; blindfold; vision) were recognisable across trials.

In these statistical analyses the participants (blind; blindfold; vision) were counted as ‘recognised’,

‘not recognised’, and ‘inconclusive’, that is:

— ‘recognised” when (1) >8 scorers agreed on who of the participants had drawn the pictured shape
in question (blind, blindfold or vision), and (11) this was correct in this trial,

— ‘not recognised’ when (1) >8 scorers agreed on who of the participants had drawn the pictured
shape in question (blind, blindfold or vision), and (11) this was not correct in this trial; and,

— ‘inconclusive’ when <8 scorers agreed on who of the participants had drawn the picture shape in
question (blind, blindfold or vision). ‘Inconclusive’ participant drawings were removed from the
statistical analyses.

— Then, across trials (and with ‘inconclusive’ participant recognitions removed), the participants were
counted as ‘recognised” when recognised in >75% of all trials [x*(1. N = 100) = 25.00, p = 0.00].

All statistical analyses were calculated on the number of participants, and also when percentages are
reported. Because of the modest sample size [both participants (blind; blindfold; vision) and
scorers], the significance level was set to 10%.

4.2.0.0 Results and discussion

~73% of the participants who were blind, ~90% of those who were blindfolded, and 80% of those
who were fully sighted instantly drew a mental image, that is, a tactile/visual shape, that
corresponded to the auditory kiki — those who were either blindfolded or fully sighted significantly
above the chance level (of 50%): ¥*(1. N = 11) = 2.27, p = 0.13, *(1. N = 9) = 5.44, p = 0.02, and
x*(1. N = 10) = 3.60, p = 0.06, respectively (cf. Figure 5, Trial 1).

These results suggest that visual imagery affected what mental images the tactile/visual-auditory
bouba and kiki regularities had produced: those who could call upon visual imagery instantly drew
a tactile/visual shape that clearly corresponded to the presented auditory kiki (i.e. the blindfold and
the vision-group), whereas those who could not call upon visual imagery did not (i.e. the blind-
group). Again, the participants who were blindfolded were able to draw upon their visual imagery
when a new problem needed solving (cf. Experiment 1; Experiment 2). Then again, considering that



the participants who were blind had limited experience in drawing pictures (cf. Table 3), it could be
argued that the lack of drawing experience rather than the lack of visual imagery affected their
drawing; thus, whether their mental image of the auditory kiki depicted in the drawing could be
recognised as the tactile/visual kiki shape.
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Figure 5: The mental image of auditory bouba and kiki per participant and trial

‘Correspond’ — drawn mental image, that is, tactile/visual shape, = presented audio

Not correspond’ — drawn mental image, that is, tactile/visual shape, # presented audio

‘Inconclusive’ — drawn mental image, that is, tactile/visual shape, ? presented audio

Auditory bouba and kiki:
Trial 1: Kiki sound Trial 2;: Boubaword  Trial 3: Bouba sound Trial 4: Kiki word

Across trials, 11 participants who were blind drew mental images, that is, tactile/visual shapes, that
corresponded to the presented audio, 8 participants who were blindfolded, and 12 who were fully
sighted — those who were either blind or fully sighted significantly above the chance level (of 50%):
¥?(1.N =12) =8.33,p =0.00, (1. N =12) = 1.33, p = 0.25, and »*(1. N = 12) = 12.00, p = 0.00,
respectively (cf. Figure 5). Fisher’s exact test found no significant difference between the
participants who were blind and the participants who were blindfolded (p = 0.32) and between those
who were blind and those who were fully sighted (p = 1.00), but it did find a significant difference
between the blindfolded and the fully sighted (p = 0.09. Cf. Figure 5).

Indeed, these results support the above argument that the participants who were blind needed
slightly more drawing experience, rather than visual imagery. In fact, they suggest that also these
participants had adopted the tactile-auditory bouba and kiki regularities. This brings up the question
of whether they in actual fact had adopted these regularities earlier on (cf. Experiment 1; Experiment
2) and that they, like the participants who were fully sighted, had an understanding of when to use
these regularities and when to ignore sensory information (cf. Experiment 2). Moreover, these
results again suggest that visual imagery was not enough long term for the participants who were
blindfolded — they were able to call upon their visual imagery in Trial 1, but not across trials (cf.



Experiment 1; Experiment 2; Figure 5). This brings up the question of whether their mental images
of bouba and kiki were based on tactile, visual, and/or auditory information (cf. Experiment 2).

In sum, and in line with Experiment 1 and Experiment 2, these results suggest that the sensory
regularities and mental images concerning bouba and kiki do not have to be based on, or even

include visual information (cf. also Figure 6).

Kiki sound
A ,'/\\ "/‘//\\ / \\ /\\ ’\\
/ VA AvATA
Blind Blindfold Vision
Bouba word
Blind Blindfold Vision
Bouba sound
, E Xy VW L2
Blind Blindfold Vision
Kiki word
S | N
Ve | %
' I\
Blind Blindfold Vision

Figure 6: Drawings of auditory bouba and kiki: Examples

Interestingly, Experiment 3 found that ~83% of all mental images, as depicted in the tactile/visual
drawings (blind; blindfold; vision), included the most characteristic shape feature of the global
bouba and kiki shapes: curve and angle, respectively. They differed in the quantity of repeated




shape features (e.g. five and eight curves for the bouba-sound: cf. Figure 6) and in direction
(horizontal; vertical; diagonal), but typically did not include the global bouba or kiki shape (cf.
Figure 1; Figure 6). ~17% of all mental images, as depicted in the tactile/visual drawings, included
the global bouba and kiki shapes. It is worth noticing that four participants (two blindfolded; two
fully sighted) drew 60% of these mental images, that is, tactile/visual global shapes. (>75% of their
mental images included the global bouba and kiki shapes.) Moreover, one participant who were
blind drew KI for the kiki word (cf. Fryer et al. 2014).

Hence, it could be argued that the tactile/visual-auditory bouba and kiki regularities had truly
produced mental images. The majority of the participants (blind; blindfold; vision) had not merely
copied a memory of the tactile/visual bouba and kiki shapes (cf. Figure 1; Figure 6). In addition, it
seems that whichever sense was used in Experiment 1 and Experiment 2 to explore the bouba and
kiki shapes — haptic touch or vision — did not affect what mental images the tactile/visual-auditory
bouba and kiki regularities had produced.

The question now, therefore, is whether it could be recognised who had drawn the mental image,
that is, the tactile/visual shape, of the presented auditory bouba and kiki — ‘somebody who is blind
since birth, somebody who is blindfolded, or somebody who is fully sighted’.

The participant who had drawn the pictured bouba and kiki shapes (blind; blindfold; vision) was
recognised in ~43% of all the scores’ answers. Across trials, 5 participants who were blind (since
birth) were recognised, 3 who were blindfolded, and 5 who were fully sighted — indeed no
participant group significantly above the chance level (of 33.3%): ¥*(1. N = 12) = 0.38, p = 0.54,
¥*(1. N =12) = 0.38, p = 0.54, and ¥*(1. N = 12) = 0.38, p = 0.54, respectively (cf. Figure 7).
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Figure 7: The recognition of who had drawn bouba and kiki per participant and trial
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‘Inconclusive’ — not clear who had drawn the mental image, that is, tactile/visual bouba/kiki shape
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These results confirm the above suggestion, that whichever sense the participants used in
Experiment 1 and Experiment 2 to explore the bouba and kiki shapes — haptic touch or vision — did
not affect what mental images the tactile/visual-auditory bouba and kiki regularities had produced.
The three groups of participants (blind, blindfold, and vision) were not recognisable across trials.

5.0.0.0 General discussion

This study investigated in three experiments: first, whether there is an instant bouba/kiki-effect
when using haptic touch, including the role of visual imagery (Experiment 1). It also investigated
whether people notice tactile/visual-auditory bouba and kiki regularities, and whether these
regularities affect the bouba/kiki-effect (Experiment 1); second, whether these regularities affect the
recognition of tactile/visual bouba and kiki shapes (Experiment 2); and third, what mental images
these regularities produce, as depicted in tactile/visual drawings (Experiment 3). In order to
generate tactile/visual-auditory bouba and kiki regularities (cf. Fryer et al., 2014), and not merely,
for example, kiki-shape/kiki-word particularities (Ramachandran & Hubbard, 2001), this study
included two types of tactile/visual (outlined; filled), and two types of auditory bouba and kiki
(word; and non-word sound). The three experiments were conducted in fixed order across
participants, that is, to keep under control as much as possible the participants’ amount and type of
experience with the tactile/visual-auditory bouba and kiki regularities (cf. Fryer et al. 2014). Three
groups of participants were included: blind (with no visual imagery at all), blindfold, and vision.

In Experiment 1, the participants were asked to pick out the tactile/visual shape that they associated
with the auditory bouba/kiki; in Experiment 2, to name one tactile/visual shape and a segment of
audio together as either ‘Bouba’ or ‘Kiki’; and in Experiment 3, to draw the shape that they
associated with the auditory bouba/kiki. The participants who were blind did not show an instant
tactile/visual-auditory bouba/kiki-effect in Experiment 1, whereas the blindfolded and the fully
sighted did. All participants noticed the tactile/visual-auditory bouba and kiki regularities: those
who were blind adopted these regularities for Experiment 1, showing the tactile-auditory
bouba/kiki-effect from Trial 4; but not for Experiment 2, recognising the tactile bouba and kiki
shapes — they rather ignored the auditory information. Those who were blindfolded were able to
draw upon their visual imagery for every new problem to be solved, but not long term, that is, in all
three experiments. They adopted the tactile-auditory bouba and kiki regularities for Experiment 2,
clearly integrating tactile and auditory information, but not for Experiment 1 — the number of
participants who showed the tactile-auditory bouba/kiki-effect decreased from the pre-test (Trial 1)
to the post-test (Trial 8). Those who were fully sighted had noticed the visual-auditory bouba and
kiki regularities before this study, clearly showing the visual-auditory bouba/kiki-effect in
Experiment 1. They adopted these regularities for Experiment 2, but also had an understanding of
when to ignore sensory information — half of them ignored the auditory information, and half of
them the visual information. Finally, the participants’ mental images of bouba and kiki, as depicted
in their drawings (Experiment 3), were not affected by whether they had experienced the bouba/kiki
shapes by haptic touch or by vision (in Experiment 1 and Experiment 2). Regardless of their prior
shape experience, that is, tactile or visual, their mental images included the most characteristic
shape feature of bouba and kiki: curve and angle, respectively, and typically not the global shape.

Interestingly, all participants noticed and adopted the tactile/visual bouba and kiki regularities —
otherwise they would not have been able to solve the task in Experiment 1 and Experiment 3 —;
however, only those who were experienced in using either haptic touch or vision also knew when to
ignore sensory information [i.e. the blind and the vision-group (cf. Experiment 2)]. These results
stand in contrast to Hotting and Roder (2009), who suggested that the likelihood of multisensory
tactile-auditory integration is low in people who are blind, that is, because of their enhanced
perceptual skills in using both haptic touch and hearing (cf. ‘the inverse efficiency principle of



multisensory integration’: Stein & Meredith, 1993). According to Hotting and Roder’s (2009)
suggestion, the participants who were blind in this study failed to integrate the multisensory tactile-
auditory information about bouba and kiki (cf. Experiment 2) — they did not know when to ignore
sensory information. Then again, Ho6tting and Réder’s (2009) suggestion is based on previous
research on passive touch and hearing: They investigated (2004) whether people are able to perceive
the correct number of tactile stimuli (from one to four) presented onto their right index finger
regardless of the number of auditory tones (from none to four). Further research is needed to
investigate whether auditory information affects haptic touch and passive touch differently.

In either case, that is, either ignoring or failing to integrate sensory information; could it be that the
perceiving and processing of tactile information and the perceiving and processing of auditory
information did not match, for example, in speed? Did, for example, haptic touch need more time to
perceive and process the tactile bouba and kiki shapes than hearing did to perceive and process the
audio? Indeed, haptic touch had to actively perceive and link together numerous finger pad-sized
pieces of tactile information (cf. Katz, 1989; Lederman et. al., 1988; Millar, 1984, 1997, 2008),
whereas hearing perceived auditory information delivered as a complete bouba/kiki word or sound
(cf. Table 2). More in this vein, could it be that haptic touch failed to perceive all the pieces of the
tactile bouba/kiki shape and/or to link the pieces together correctly? This may, in fact, explain why
the participants who were blind in this study did not show an instant bouba/kiki-effect [in Experiment
1, pre-test (Trial 1)], and also why they did not instantly draw a recognisable picture of their mental
image of the presented audio [in Experiment 3, Trial 1. People who are congenitally blind typically
use one hand to draw, e.g. the shape, and the other to follow their drawn line, i.e. behind the
stylus/pen, and/or both hands to ‘double-check’ their finished drawing)]. Further research is needed
to investigate whether information from haptic touch and hearing would be integrated, instantly, if
haptic touch activated the audio as it explored the tactile information — piece-by-piece-by-piece.
Moreover, could it be that the tactile-auditory information would have been integrated instantly with
less complex shapes and audio, for example, just one angle or one curve? Less complex shapes would
certainly reduce the perceptual load, and thus the attentional load on haptic touch alone, hearing
alone, and the two senses together (cf. Jacoby, Hall, & Mattingley, 2012; Lavie, 1995; Lavie, Lin,
Zokaei, & Toma, 2009; Macdonald & Lavie, 2011; Sandhu & Dyson, 2016; Tellinghuisen, Cohen,
& Cooper, 2016; Treisman, 1988, 1995; Treisman & Paterson, 1984). In fact, perceptual load, and
thus attentional load may explain why the participants who were blind in this study ignored the
auditory information in Experiment 2. Indeed, according to Graven (2016a), people who are blind
are well aware of any attentional load on haptic touch. Again, further research is needed.

Inarelated vein, could it be that haptic touch and hearing adopted different problem-solving strategies,
and that these did not match? Fryer et al. (2014) found that 61% of their participants, who were
visually impaired and who offered a reason for their choice of tactile bouba/kiki [N = 23. (Total N =
42)], reported sound as their most important problem-solving strategy: ‘The name sounded like the
feel’ (Fryer et al., 2014, p. 169). However, these participants did not necessarily follow the expected
association pattern for bouba and kiki, for example, said that ‘Kiki sounds like an African name
which I associated with crinkly hair’ and ‘the rounded outline should be “Bouba” because the shape
“resembled a boomerang™’ [Fryer et al., 2014, p. 170. (Both participants picked out the tactile
bouba)]. Considering that the vast majority of these participants had at least some visual imagery
(cf. Fryer et al., 2014), could it be that the participants who were blindfolded in this study adopted
the same problem-solving strategy for drawing upon their visual imagery [e.g. ‘crinkly hair’ and
‘boomerang’ (cf. Experiment 1, pre-test/Trial 1; Experiment 2, Trial 1; Experiment 3, Trial 1)]?
Indeed, Graven (2016a) found that people who were able to draw upon visual imagery used a very
similar problem-solving strategy for discriminating tactile 2D shapes without hearing, that is, the
touch vision strategy — ‘I treat them as global shapes’ (...) ‘(...) print “z” is a symbol for all global
shapes that resemble the z’ (Graven, 20164, p. 388). When an instant association between the global
shape and the print letter did not occur, then ‘I recognise them because I count lines’ (Graven,



20164, p. 389). With these problem solving-strategies in mind, further research is needed to
investigate whether people who use haptic touch and who have some visual imagery, in fact, rely on
ideaesthesia in order to recognise tactile shapes and/or tactile-auditory regularities (cf. Milan,
Iborra, de Cordoba, Juarez-Ramos, Artacho, & Rubio, 2013).

Furthermore, certain cortical areas are activated regardless of what sensory modality is used to
perceive the shape information (known as ‘supramodal plasticity’), and with the lack of vision these
areas are reorganised; both structurally and functionally [known as ‘cross-modal plasticity’ (e.g.
Amedi, Hofstetter, Maidenbaum, & Heimler, 2017; Cecchetti, Kupers, Ptito, & Pietrini, 2016;
Rauschecker, 1995; Reich, Szwed, Cohen, & Amedi, 2011; Sadato, Pascual-Leone, Gradfman,
Ibafiez, Deiber, Dold, & Hallett, 1996; Striem-Amit, Cohen, Dehaene, & Amedi, 2012; Ward &
Meijer, 2010)]. Supramodal plasticity would certainly explain how the participants who were
blindfolded in this study were able to draw upon their visual imagery, that is, instantly for every
new problem to be solved [(cf. Experiment 1, pre-test/Trial 1; Experiment 2, Trial 1; Experiment 3,
Trial 1)] So, why were they not able to draw upon their visual imagery long-term? Could it be that
cross-modal plasticity initially creates a state of chaos (cf. Amedi, Merabet, Bermpohl, & Pascuale-
Leone, 2005; Brunner, 1957; Graven, 2009; Gregory & Wallace, 1963; Hamilton & Pascual-Leone,
1998; Hull, 1991; Pascual-Leone & Torres, 1993; Sacks, 1995; Spence et al. 2001)? Indeed,
Experiment 2 found that when the tactile and the auditory information was, or could not be
integrated the majority of the participants who were blindfolded sometimes ignored the tactile
information, and sometimes the auditory information, as if they were trying out whether to rely on
information from haptic touch or on information from hearing — as if they were trying out different
problem-solving strategies. In contrast, the participants who were experienced in using haptic touch
relied on haptic touch (i.e. the blind-group); and those who were experienced in using vision relied
on either vision or hearing [i.e. the vision-group. Cf. Experiment 2)]. Further research is needed to
investigate whether people who are fully sighted and who rely on hearing, that is, when the visual
and the auditory information is, or cannot be integrated would rely on hearing also when tactile and
auditory information is, or cannot be integrated.

Moreover, Graven (2015) found that people who have lost vision recently seem to change problem-
solving strategy when they become more experienced in using haptic touch: adopting either the
figure identity strategy or the global characteristics strategy (instead of the touch vision strategy).
The figure identity strategy performs a specific analysis of the line quantity in each shape, and then
recognises the shape according to a set of rules, for example, ‘An angle has two lines’ and ‘When the
shape has more than two lines, then itis a curve; notan angle’ (Graven, 2016a, p. 387). The global
characteristics strategy, in contrast, perceives the global shape. It analyses the global shape only:
‘When they have too many lines’, for example, it has ‘one shortand one long’ (Graven, 20164, p.
388). Further research is needed to investigate whether hearing adopts similar problem-solving
strategies, and whether haptic touch and hearing adopt similar or different problem-solving strategies
for perceiving and processing tactile and auditory information; when this information is presented
together. Indeed, could it be that the participants who were blind in this study ignored the auditory
information in Experiment 2 because haptic touch and hearing had adopted different problem-
solving strategies? Graven (2016b) found that when a problem-solving strategy failed to recognise
the tactile shape people still continued using it — they did not adopt a different problem-solving
strategy. Further research is needed to investigate whether auditory information affects what
problem-solving strategy is adopted for correct and incorrect recognition of tactile shapes.

When taken together, the three experiments in this study suggest that the sensory regularities and
mental images concerning bouba and kiki do not have to be based on, or even include visual
information. However, further research is needed to fully understand the relationship between
haptic touch and hearing in shape recognition.
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