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SUMMARY:  20 
The aim of the presented protocol is to investigate the role of visual imagery in the bouba/kiki-21 
effect, whether training in noticing the bouba/kiki shape-audio regularities affects the 22 
bouba/kiki-effect and the recognition of individual bouba and kiki shapes, and finally the 23 
production of mental images with these regularities.  24 
 25 
ABSTRACT:  26 
This article presents a protocol for investigating the role of visual imagery in the bouba/kiki-27 
effect, whether training in noticing the bouba/kiki shape-audio regularities affects the 28 
recognition of individual bouba and kiki shapes, the bouba/kiki-effect and finally the production 29 
of mental images with these regularities. To generate bouba/kiki shape-audio regularities, there 30 
were two types of shapes (filled; outlined) and two types of audio (word; non-word sound). Three 31 
groups of individuals participated in three experiments-Blind, blindfold, and vision. The 32 
experiments were conducted in fixed order across participants, with no break between them. In 33 
Experiment 1 (pre-test-post-test design with three repeated within-group measures) the 34 
participants were asked to associate a shape with the auditory bouba/kiki; in Experiment 2 35 
(within-subject design), to name some audio (sometimes congruous; sometimes incongruous) 36 
and one shape as ‘bouba’ or ‘kiki;’ and in Experiment 3 (post-test only design), to draw the shape 37 
they associated with the auditory bouba/kiki. The results suggest that the blindfold-group draw 38 
upon visual imagery to solve new problems, but not long term; that training in noticing bouba/kiki 39 
shape-audio regularities affects the bouba/kiki-effect and the recognition of individual bouba and 40 
kiki shapes, but differently in each experimental group; and that all experimental groups create 41 
mental images of the shape feature of bouba (curve) and kiki (angle). In fact, the effect of visual 42 
imagery is robust across tasks, but not long term; the effect of learning shape-audio regularities 43 
is robust long term, but not across tasks. The presented protocol is appropriate for investigating 44 

Manuscript Click here to access/download;Manuscript;59954_R2.docx

https://www.editorialmanager.com/jove/download.aspx?id=1054001&guid=0c715811-fc6f-46be-a9ce-0f54af1de8e3&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1054001&guid=0c715811-fc6f-46be-a9ce-0f54af1de8e3&scheme=1


   

the effect of visual imagery and learning shape-audio regularities, when they occur and how 45 
robust they are; in specific individuals and groups of individuals. This protocol is unique in that it 46 
keeps under control both the visual imagery and the sensory information during training and 47 
testing. 48 
 49 
INTRODUCTION:  50 
95% of the world’s population shows an auditory-visual bouba/kiki-effect, associating the visually 51 
rounded shape with the word, ‘bouba;’ and an angular shape with the word ‘kiki;’ and they do 52 
this even when they have not had any experience with either the shape or the word1. The 53 
language learning is preceded by the bouba/kiki-effect; it occurs across languages1-5, with both 54 
bouba and kiki (i.e., people prefer visual curves over visual angles6-9), and it depends on the 55 
combination of consonants and vowels (e.g., it does not occur with ‘bibi’ and ‘kuku’.)1,5,10-12 This 56 
shape-word association occurs with other shapes and word pairs as well, as long as they are 57 
mainly curved, as bouba, and mainly angular, as kiki11,13; and/or they have the same combinations 58 
of vowels and consonants as ‘bouba’ and ‘kiki,’ for example: ‘Baluma’ and ‘takete,’ ‘maluma’ and 59 
‘takete,’ ‘uloomo’ and ‘takete,’ ‘maa-boo-maa’ and ‘tuh-kee-tee’1,3-4,10-12,14. In fact, people 60 
associate the rounded visual shapes with the spoken words containing continuant consonants 61 
(such as /l/ and /m/) and open back vowels (such as /ɑ:/, and /ɔ:/), and the visual angular shapes 62 
with the spoken words containing plosive consonants (such as /k/ and /t/) and close front vowels 63 
(such as (/ε/ and /I/)11-12,15-16. They are influenced more by the consonants than the vowels, 64 
especially by the voiceless ones (e.g., /k/ and /t/)11-12,15-16. Indeed, it seems the features of the 65 
global shapes – their curves and angles17 – and the sound of the spoken words – their melody17 66 
– are the most crucial, as opposed to the global shapes and words themselves. 67 
 68 
One study has investigated the bouba/kiki-effect with tactile bouba and kiki instead of the visual 69 
bouba/kiki shapes and found that bouba/kiki-effect in the visually impaired participants showed 70 
significantly less robustness (~64%) than the fully sighted (~90%)18. The authors argued that this 71 
effect was caused by a lack of visual imagery amongst the blind and partially sighted participants. 72 
The fully sighted participants had noticed regularities in their environment that are not easily 73 
accessed when vision is impaired18. It is not clear from this study, however, whether the visual 74 
imagery is necessary for the bouba/kiki-effect to occur. Only six of the 42 participants with a 75 
visual impairment were congenitally totally blind18, thus had no visual imagery at all. 76 
Furthermore, the other participants, none of them blindfolded, may have observed the lip 77 
movements of the experimenter when announcing the word bouba or kiki. Rounded lip 78 
movements are seen when announcing ‘bouba’ while angular lip movements are seen when 79 
announcing ‘kiki’1,18.  This shows a tactile-visual-auditory bouba/kiki-effect instead of drawing 80 
upon any visual imagery. Additionally, any effect of noticing tactile-auditory regularities was not 81 
investigated, for example, by comparing the bouba/kiki-effect on trial one and trial four instead 82 
of calculating the effect across all four trials. Moreover, the tactile bouba and kiki were rather 83 
different across trials: In trials one and two they were 3D and 2D shapes (curved v angular); in 84 
trials three and four, identical in shape (circle) and dissimilar in texture (smooth v rough; smooth 85 
v spiky)18. In a related vein, one study has investigated a kinesthetic-auditory bouba/kiki-effect 86 
in blindfolded (fully sighted) individuals and found that 82% showed the bouba/kiki-effect19. This 87 
was observed after a 2-min of training to hold a robotic stylus programmed to draw trajectories 88 



   

of the bouba and kiki shapes. However, since this study did not include a control or a pre-test 89 
group, whether the bouba/kiki-effect occurred because of the training period, is not clear from 90 
this study. 91 
 92 
To this end, we have investigated the role of visual imagery in the bouba/kiki-effect, whether the 93 
bouba/kiki-effect and the recognition of individual tactile/visual bouba and kiki shapes were 94 
affected by the training in noticing tactile/visual-auditory bouba and kiki regularities, and finally 95 
what mental images these shape-audio regularities produced17. To generate bouba/kiki shape-96 
audio regularities – not merely, for example, kiki-shape/kiki-word particularities1 – this study 97 
included two types of bouba/kiki shapes (filled; outlined) and two types of bouba/kiki audio 98 
(word; non-word sound)17. Three groups of individuals participated in three experiments: Blind 99 
(N = 12), blindfold (N = 12), and vision (N = 12). The experiments were conducted without any 100 
breaks and in fixed order across all participants. This helped to keep the participants’ type and 101 
amount of experience with bouba and kiki under control. The participants were asked to pick out 102 
the shape they associated with the auditory bouba/kiki in Experiment 1 (pre-test-post-test design 103 
with three repeated within-group measures); in Experiment 2 (within-subject design), to name 104 
one shape and some audio (sometimes congruous; sometimes incongruous) as ‘bouba’ or ‘kiki;’ 105 
and in Experiment 3, (post-test only design) they were asked to draw the shape they associated 106 
with the auditory bouba/kiki17. Overall, this study suggested that the effect of visual imagery is 107 
robust across tasks, but not long term within each task, whereas the effect of learning shape-108 
audio regularities is robust long term within each task, but not across tasks17. This article presents 109 
the protocol from this study17. The protocol is appropriate for investigating the effect of visual 110 
imagery and learning shape-audio regularities, when they occur and how robust they are; in 111 
specific individuals and groups of individuals. This protocol is unique in that it keeps under control 112 
both the visual imagery and the sensory information during training and testing.    113 
 114 
PROTOCOL:  115 
The Medical Sciences Inter-Divisional Research Ethics Committee (IDREC) University of Oxford 116 
provided approval for this protocol (Ref No: MS-IDREC-C1-2015-200, R46287/RE002, and 117 
R42687/RE004).  118 
 119 
1. Design and conditions 120 
 121 
1.1. Conduct three experiments in the following fixed order with all participants: Experiment 1, 122 
Experiment 2, and Experiment 3, with no break between them. Make sure that all participants in 123 
Experiment 2 participated in Experiment 1 and all participants in Experiment 3 also in Experiment 124 
2 (and Experiment 1).   125 
 126 
1.2. Conduct Experiment 1, a pre-test-post-test design, with three groups of participants i.e., 127 
Blind, blindfold, and vision; and three repeated within-group measures. Present the trials in a 128 
fixed order to all participants. (Total number of trials: 8.) 129 
 130 
1.2.1. Conduct the pre-test (Trial 1) to test the instant bouba/kiki-effect. 131 
 132 



   

1.2.2. Conduct the first repeated within-group measure (Trial 4) to test the effect of repeated 133 
tactile/visual shape (either filled or outlined) and varied audio (word and non-word sound).   134 
 135 
1.2.3. Conduct the second within-group measure (Trial 5) to test the effect of new tactile/visual 136 
shape (either outlined or filled) and varied audio (word and non-word sound).  137 
 138 
1.2.4. Conduct the third within-group measure and post-test (Trial 8) to test the effect of varied 139 
tactile/visual shape (filled and outlined) and varied audio (word and non-word sound). 140 
 141 
1.2.5. Randomly assign which type of tactile/visual bouba/kiki shapes to present in trials 1-4 142 
(either filled or outlined). Present the other type in trials 4-8. Then, randomly assign which 143 
auditory word (either bouba or kiki) to present in Trial 1, and which auditory bouba/kiki (either 144 
bouba or kiki and either word or non-word sound) to present in each one of Trials 2-8.  145 
 146 
NOTE: Make sure that in total, there are 4 bouba and 4 kiki trials; 4 filled and 4 outlined 147 
tactile/visual shape trials; 4 auditory word and 4 auditory non-word sound trials. 148 
 149 
1.3. Conduct Experiment 2, a within-subject design, with 3 groups of participants i.e., blind, 150 
blindfold, and vision; and two within-group measures. Present the trials in a fixed order to all 151 
participants. (Total number of trials: 8) 152 
  153 
1.3.1. Test the instant recognition of congruous (bouba/kiki + bouba/kiki) shape-audio (Trial 1).  154 
 155 
1.3.2. Test the recognition of (1) congruous (bouba/kiki + bouba/kiki), and (2) incongruous 156 
(bouba/kiki + kiki/bouba) shape-audio [across 4 trials per type of congruousness (Trials 1-8)].  157 
 158 
1.3.3. Randomly assign which type of tactile/visual bouba/kiki shape (either filled or outlined)  159 
to present in trials 1-8. Then, randomly assign which congruous tactile/visual shape and auditory 160 
non-word sound (either bouba + bouba or kiki + kiki) to present in Trial 1, and finally which type 161 
of congruousness (either congruous or incongruous tactile/visual bouba/kiki shape + auditory 162 
bouba/kiki non-word sound) to present in each one of Trials 2-8.  163 
 164 
NOTE: Make sure that in total, there are 4 tactile/visual bouba and 4 tactile/visual kiki trials; 4 165 
filled and 4 outlined tactile/visual trials; four congruous and four incongruous (shape + non-word 166 
sound) trials. The auditory bouba/kiki word is not included in this experiment.  167 
 168 
1.4. Conduct Experiment 3, a post-test only design, with 3 groups of participants i.e., blind, 169 
blindfold, and vision. Present the trials in a fixed order to all participants. (Total number of trials: 170 
4). 171 
 172 
1.4.1. Test what mental images have been produced by the training in noticing shape-audio 173 
regularities (i.e., Experiment 1 and Experiment 2), in four separate trials: Bouba word, bouba non-174 
word sound, kiki word, and kiki non-word sound.  175 
 176 



   

1.4.2. Randomly assign which type of auditory bouba/kiki (either bouba or kiki and either word 177 
or non-word sound) to present in each one of Trials 1-4.  178 
 179 
NOTE: Make sure that in total, there is one auditory bouba word trial, one auditory bouba non-180 
word sound trial, one auditory kiki word trial, and one auditory kiki non-word sound trial.  181 
 182 
2. Participants 183 
 184 
2.1. Recruit one group of participants who are congenitally blind; that is, blinded less than 4 185 
months after birth20-22: Categories 5: total blindness; and 4: Light perception (perceiving a light 186 
source) and light projection (perceiving where a light source is situated)22. Make sure they are all 187 
braille readers.  188 
 189 
2.2. Recruit one group of fully sighted participants, at twice the size of the group of participants 190 
who are congenitally blind. Make sure they all have normal/corrected to normal vision. 191 
 192 
NOTE: Make sure that all participants are between 18 and 70 years of age, with no cognitive 193 
delay or impairment, no physical disabilities, normal/corrected to normal hearing, and that they 194 
are all naïve to the bouba/kiki-effect.    195 
 196 
2.3. Randomly assign half the group of the fully sighted participants to the blindfold-group and 197 
the other half to the vision-group.  198 
 199 
NOTE: Participants, type of tactile/visual bouba/kiki shape(s), type of auditory bouba/kiki, and 200 
congruousness are all randomly assigned to one of two categories: Blindfold or vision; filled or 201 
outlined; word or non-word sound; bouba or kiki; congruous or incongruous. Thus the random 202 
assignment can be done either by a computer program or manually (e.g., by tossing a coin). 203 
 204 
3. Materials 205 
 206 
3.1. Produce the tactile/visual test materials 207 
 208 
3.1.1. Transfer the visual bouba/kiki shapes (30 x 23 mm) to swell paper, either by printing them 209 
from a personal computer or by photocopying from a picture. Make sure to transfer two types 210 
of bouba/kiki shapes: One filled and one outlined [(1.5 pt. line). Cf. Figure 1]. 211 
 212 
3.1.2. Pass the swell paper through a heat fuser. Make sure the bouba/kiki shapes rise to ~0.5 213 
mm height. Alternatively, order the tactile/visual bouba/kiki shapes from a transcription service 214 
for people who are visually impaired (with a PDF file attached).  215 
 216 
3.1.3. Glue the swell paper onto foam board [white (5 mm thick)]. Use spray glue. 217 
 218 
3.1.4. Cut the swell paper and foam board into size (50 x 50 mm), that is, to create tactile/visual 219 
picture cards. Use a knife for cutting wallpaper.  220 



   

 221 
3.1.5. Cut a carton plate/foam board for covering the bouba/kiki shapes into size (297 x 210 mm). 222 
Use a knife for cutting wallpaper.  223 
 224 
3.1.6. Cut copy paper/plastic embossing film into size (210 x 148 mm). Use a guillotine. 225 
Alternatively, order the A5 format.   226 
 227 
3.1.7. Cut a rubber mat into size (230 x 150 mm). Use a knife or pair of scissors. Alternatively, 228 
order the Moon hand frame and take it apart to uncover the rubber mat.  229 
 230 
[Place Figure 1 here] 231 
 232 
3.2. Produce the auditory test materials. 233 
 234 
3.2.1. Record the spoken bouba (Audio 1) and kiki words. Save in the MP3 format: One file for 235 
the bouba word and one for the kiki word.  236 
 237 
3.2.2. Create the bouba and kiki non-word sounds of the spoken words ‘bouba’ and ‘kiki’ by 238 
mimicking the duration and frequency (i.e., melody). Use a sound wave generator and pitch bend. 239 
Save in the MP3 format: One file for the bouba sound (Audio 2) and one for the kiki sound.  240 
 241 
3.2.3. Install the VLC app for iOS on a smartphone. Transfer the MP3 files for bouba and kiki to 242 
the VLC app. Save them as four separate files: Bouba sound, bouba word, kiki sound, and kiki 243 
word.  244 
 245 
[Place Audio 1 and Audio 2 here] 246 
 247 
[Place Table of Materials here] 248 
 249 
4. Procedure and scoring 250 
 251 
4.1. Set up the test session 252 
 253 
4.1.1. Conduct the three experiments in a room that is neutral in color and quiet, and with all 254 
participants individually. Ask the participants in the blindfold-group to put on their blindfold, 255 
before setting up the test materials, and make sure they keep their blindfold on throughout and 256 
between all three experiments. 257 
 258 
4.2. Set up the tactile/visual test materials. 259 
 260 
4.2.1. Place the rubber mat directly in front of the participant. Then, place (Experiment 1) the 261 
two tactile/visual bouba and kiki shapes (Experiment 2), the one tactile/visual bouba or kiki shape 262 
and (Experiment 3), the copy paper/plastic embossing film on top of the rubber mat. In 263 



   

Experiment 1, make sure to always present bouba on the left and kiki on the right; and in both 264 
Experiment 1 and Experiment 2, to always present them in the same orientation (cf. Figure 1):  265 
 266 
4.2.1.1. Enhance the participants’ ability to form mental images by making sure not to inform the 267 
participants about this fixed presentation of the tactile/visual bouba and kiki shapes without 268 
interference from their position and/or orientation on the rubber mat. In the vision-group, 269 
always set up the test material behind a carton plate/foam board, to prevent these participants 270 
from taking a sneak peek at what is in store. 271 
 272 
4.3. Set up the auditory test materials 273 
 274 
4.3.1. Place the MP3 player directly in front of the participant (on the other side of the rubber 275 
mat), and with the loudspeaker closest to the participant. Do not repeat the auditory information 276 
from the MP3 player, to prevent the vision-group participants observing the lip movements on 277 
the bouba/kiki word-trials1, and thus keep under control across all experimental groups the 278 
amount and type of auditory information.  279 
 280 
4.4. Conduct Experiment 1, Experiment 2, and Experiment 3 281 
 282 
4.4.1. Invite the participants who will be exploring and drawing the tactile shapes (i.e. the blind 283 
and blindfold-group) to explore the rubber mat (by touch). For example, for size and texture, 284 
without any of the picture cards and/or copy paper or plastic embossing film placed on top.  285 
 286 
4.5. Conduct Experiment 1 287 
 288 
4.5.1. Explain that two picture cards will be presented on the rubber mat, each one picturing a 289 
tactile/visual shape. Then, explain that some audio will appear from the MP3 player and that this 290 
audio will correspond to one of the tactile/visual shapes. 291 
 292 
NOTE: Do not inform the participants about the two types of tactile/visual bouba/kiki (filled and 293 
outlined) and the two types of auditory bouba/kiki (sound and word).  294 
 295 
4.5.2. Place the two picture cards on the rubber mat (cf. Figure 1).  296 
 297 
4.5.3. In the blind and blindfold-group, ask the participant to make a fist using both hands. Next, 298 
ask the participant to place their fists on the top of the picture cards presented (and guide them 299 
if needed). Place the left hand on top of the participant’s fists.  300 
 301 
4.5.4. Ask the participant to explore the two tactile/visual shapes, the blind and blindfold-group 302 
by touch and the vision-group by vision. Ask them to say ‘yes’ when they have finished their 303 
exploring. 304 
 305 
4.5.5. Remove the left hand from the participant’s fists (in the blind and blindfold-group) / the 306 
carton plate or foam board (in the vision-group).  307 



   

 308 
4.5.6. As soon as the participant says ‘yes,’ cover the picture cards.  309 
 310 
4.5.7. Play the audio.  311 
 312 
4.5.8. Ask the participant to signal which tactile/visual shape they associate with the audio, for 313 
example, by saying ‘left/right,’ ‘curvy/angular’ or ‘flower/star’. Do not respond to the 314 
participant’s answer.  315 
 316 
4.5.9. Score whether the participant’s answer is correct or incorrect.  317 
 318 
NOTE: Repeat 4.5.2–4.5.9 for all eight trials.  319 
 320 
4.6. Conduct Experiment 2 321 
 322 
4.6.1. Explain that some audio will appear from the MP3 player and one picture card 323 
(tactile/visual) will be presented on the rubber mat.   324 
 325 
4.6.2. Explain that the audio will appear once per picture card, as soon as they start exploring the 326 
tactile/visual shape.  327 
 328 
NOTE: Do not inform the participants about the two types of tactile/visual bouba/kiki (filled and 329 
outlined), the one type of auditory bouba/kiki (sound), and the two types of congruousness 330 
(congruous and incongruous).  331 
 332 
4.6.3. Place the picture card on the rubber mat.  333 
 334 
4.6.4. In the blind and blindfold-group, ask the participant to make a fist using both hands. Next, 335 
ask the participant to place their fists on top of the presented picture card (and guide them if 336 
needed). Place the left hand on top of the participant’s fists. 337 
 338 
4.6.5. Ask the participant to explore the shape (tactile/visual), the blind and blindfold-group by 339 
touch and the vision-group by vision, and to listen to the audio. Then, ask them to name the 340 
tactile/visual shape and the audio as either ‘bouba’ or ‘kiki’: One name only23-25, when they have 341 
finished their exploring. 342 
 343 
4.6.6. Remove the left hand from the participant’s fists (in the blind and blindfold-group) / the 344 
carton plate or foam board (in the vision-group) and play the audio. 345 
 346 
4.6.7. Once the participant names the tactile/visual shape and the audio, cover the picture card. 347 
Do not respond to the participant’s answer.  348 
 349 
4.6.8. Score whether the participant’s answer is correct or incorrect.  350 
 351 



   

NOTE: Repeat 4.6.3–4.6.8 for all eight trials.  352 
 353 
4.6.9. Across the congruous and incongruous trials, count a participant as ‘correct’ when they 354 
have recognized ≥75% of the tactile/visual bouba and kiki shapes.  355 
 356 
4.7. Conduct Experiment 3 357 
 358 
4.7.1. Explain that some copy paper/plastic embossing film will be placed on top of the rubber 359 
mat, instead of the picture card(s), and that the participant will be asked to draw on it.  360 
 361 
4.7.2. In the blind and blindfold-group, invite the participant to try out the different drawing 362 
equipment, then to decide for themselves which ones they prefer: Plastic embossing film or copy 363 
paper and rollerball pen or saddleback style. 364 
 365 
4.7.3. Explain that some audio will appear from the MP3 player and that the participant will be 366 
drawing the shape they associate with this audio, one shape per segment of audio when asked.  367 
 368 
NOTE: Do not inform the participants about the auditory information (bouba and kiki), nor the 369 
two types of auditory bouba/kiki (sound and word). 370 
 371 
4.7.4. Place the copy paper/plastic embossing film on the rubber mat.  372 
 373 
4.7.5. In all three experimental groups (blind; blindfold; vision), ask the participant to make a fist 374 
using both hands, holding the rollerball pen/saddleback style. Then, ask the participant to place 375 
their fists on top of the copy paper/plastic embossing film (and guide them if needed). Place the 376 
left hand on top of the participant’s fists.  377 
 378 
4.7.6. Ask the participant to draw the shape that they associate with the audio presented. In the 379 
blind and blindfold-group, ask the participant to draw a tactile shape; and in the vision-group, a 380 
visual shape. Ask the participant to say ‘yes’ when they have finished their drawing. 381 
 382 
4.7.7. Remove the left hand from the participant’s fists.  383 
 384 
4.7.8. Play the audio.  385 
 386 
4.7.9. When the participant has said ‘yes,’ remove their drawing from the rubber mat and label 387 
it in the bottom right corner with the correct trial number. Do not respond to or provide any 388 
comments on the participant’s answer/drawn shape.  389 
 390 
NOTE: Repeat 4.7.4–4.7.9 for all four trials.  391 
 392 
4.7.10 Scan all tactile/visual drawings (1:1 size) into the jpg format immediately after each test 393 
session.  394 
 395 



   

NOTE: Experiment 3 is scored by a group of scorers after all drawing data have been collected.  396 
 397 
4.7.11 Produce a questionnaire for scoring the drawing data (cf. Figure 2): 398 
 399 
4.7.11.1. Scale down all scanned drawings to include 12 pictures per page in the landscape A4 400 
format.  401 
 402 
4.7.11.2. Randomly assign bouba/kiki trials, sound/word trials, and blind/blindfold/vision 403 
drawers.  404 
 405 
4.7.11.3. Add trial number in the upper left corner of each picture.  406 
 407 
4.7.11.4. Add ‘bouba’ and ‘kiki,’ and ‘blind,’ ‘blindfolded’ and ‘sighted’ under each picture.  408 
 409 
[Place Figure 2 here] 410 
 411 
4.7.12. Recruit a group scorer, above 18 years of age; with normal/corrected to normal hearing 412 
and vision; with no cognitive delay or impairment, nor any physical disabilities; that are all naïve 413 
to this study, and that show a visual shape-printed word bouba/kiki-effect.    414 
 415 
4.7.13. Ask the scorers to answer two multiple-choice questions per picture in the questionnaire:  416 
(1) ‘Is the pictured shape “bouba” or “kiki;”’ and (2) ‘Is the pictured shape drawn by someone 417 
who is blind (since birth), blindfolded, or fully sighted?’17 418 
 419 
4.7.14. Depending on the number of pictures in the questionnaire, ask half of the group of scorers 420 
to score half the questionnaire, and the other half to score the rest.  421 
 422 
4.7.15. For each trial, count ‘correspond,’ ‘not correspond,’ and ‘inconclusive,’ as detailed below.   423 
 424 
4.7.15.1. ‘Correspond’ when (I) ≥75% of the scorers agreed on which tactile/visual shape (bouba 425 
or kiki) was pictured, and (II) this shape corresponded to the presented auditory bouba/kiki in 426 
this trial. 427 
 428 
4.7.15.2. ‘Not correspond’ when (I) ≥75% of the scorers agreed on which tactile/visual shape 429 
(bouba or kiki) was pictured, and (II) this shape did not correspond to the presented auditory 430 
bouba/kiki in this trial.  431 
 432 
4.7.15.3. ‘Inconclusive’ when <75% of the scorers agreed on which tactile/visual shape (bouba or 433 
kiki) was pictured. Remove the ‘inconclusive’ pictures/participant drawings from the statistical 434 
analyses.  435 
 436 
4.7.16. Across trials, count a participant as ‘correspond’ when ≥75% of their drawn mental 437 
images: That is, that tactile/visual shapes correspond to the presented auditory bouba/kiki.  438 
 439 



   

4.7.17. For each trial, count ‘recognized,’ ‘not recognized,’ and ‘inconclusive,’ that is:   440 
 441 
4.7.17.1. ‘Recognized’ when (I) ≥66.6% of the scorers agreed on which experimental group (blind, 442 
blindfold or vision) had drawn the pictured shape, and (II) this was correct in this trial.   443 
 444 
4.7.17.2. ‘Not recognized’ when (I) ≥66.6% of the scorers agreed on which experimental group 445 
(blind, blindfold or vision) had drawn the pictured shape, and (II) this was not correct in this trial.  446 
 447 
4.7.17.3. ‘Inconclusive’ when <66.6% of the scorers agreed on which experimental group (blind, 448 
blindfold or vision) had drawn the pictured shape. Exclude the ‘inconclusive’ participant 449 
recognitions from the statistical analyses.   450 
 451 
4.7.18. Across trials (and with ‘inconclusive’ participant recognitions removed), count a 452 
participant as ‘recognized’ when recognized in ≥75% of all trials. 453 
 454 
REPRESENTATIVE RESULTS:  455 
The bouba/kiki-effect 456 
An instant bouba/kiki-effect was observed in 6 of the 12 participants congenitally blind (50%), 9 457 
of the 12 blindfolded (75%), and 10 of the 12 fully sighted (~83%) participants. That is, both the 458 
blindfold and vision-group were significantly above the chance level (of 50%): χ2(1. N = 12) = 3.00, 459 
p = 0.08 and χ2(1. N = 12) = 5.33, p = 0.02 (Experiment 1, Trial 1)17. No significant difference was 460 
observed by Fisher’s exact test between the three experimental groups (Experiment 1, pre-461 
test)17. (Cf. Table 1.) 462 
 463 
When it comes to the long term bouba/kiki-effect, on the first repeated within-group measure, 464 
9 of the congenitally blind participants showed the bouba/kiki-effect along with 9 of those who 465 
were fully sighted. Both experimental groups were significantly above the chance level (of 50%): 466 
χ2(1. N = 12) = 3.00, p = 0.08 and χ2(1. N = 12) = 3.00, p = 0.08, and 7 of those were blindfolded 467 
(Experiment 1, Trial 4)17. On the second repeated within-group measure, 11 blind and vision-468 
group participants showed the bouba/kiki-effect. Both experimental groups were again 469 
significantly above the chance level (of 50%): χ2(1. N = 12) = 8.33, p = 0.00 and χ2(1. N = 12) = 470 
8.33, p = 0.00; and 7 were in the blindfold-group (Experiment 1, Trial 5)17. Finally, on the third 471 
repeated within-group measure and post-test, 9 of the 12 congenitally blind participants (75%), 472 
6 of the 12 blindfolded (50%), and all of the 12 fully sighted participants (100%) showed the 473 
bouba/kiki-effect; both the blind and vision-group were again significantly above the chance level 474 
(of 50%): χ2(1. N = 12) = 3.00, p = 0.08 and χ2(1. N = 12) = 12.00, p = 0.00 (Experiment 1, Trial 8)17. 475 
Fisher’s exact test found a significant difference between the blindfold and vision-group [p = 0.01. 476 
(Experiment 1, post-test)]17. (Cf. Table 1.) 477 
 478 
[Place Table 1 here] 479 
 480 
The recognition of bouba and kiki shapes 481 
11 of the 12 congenitally blind (~92%), 9 of the 12 blindfolded (75%), and all of the 12 fully sighted 482 
(100%) participants instantly recognized the congruous tactile/visual and auditory bouba/kiki; all 483 



   

three experimental groups were significantly above the chance level (of 50%): χ2(1. N = 12) = 8.33, 484 
p = 0.00, χ2(1. N = 12) = 3.00, p = 0.08, and χ2(1. N = 12) = 12.00, p = 0.00 (Experiment 2, Trial 1)17. 485 
(Cf. Table 2.) 486 
 487 
Long term, 11 blind-group participants recognized the tactile bouba/kiki shapes together with 488 
congruous audio and 10 participants with incongruous audio: Both types of congruousness 489 
recognized significantly above the chance level (of 50%): χ2(1. N = 12) = 8.33, p = 0.00 and χ2(1. N 490 
= 12) = 5.33, p = 0.02 (Experiment 2, Trial 1-8)17. 9 blindfold-group participants recognized the 491 
tactile shapes together with congruous audio and 8 participants together with incongruous 492 
audio; in other words, the congruous shape and audio were significantly above the chance level 493 
(of 50%): χ2(1. N = 12) = 3.00, p = 0.08 (Experiment 2, Trial 1-8)17. All 12 participants in the vision-494 
group recognized the visual bouba/kiki shapes together with congruous audio and six participants 495 
with incongruous audio: The congruous shape and audio recognized significantly above the 496 
chance level (of 50%): χ2(1. N = 12) = 12.00, p = 0.00 (Experiment 2, Trial 1-8)17. (Cf. Table 2.) 497 
 498 
[Place Table 2 here] 499 
 500 
The mental images of bouba and kiki 501 
8 of the 12 participants who were congenitally blind [~73% (with one ‘inconclusive’ participant 502 
drawing removed)], eight of the 12 who were blindfolded [~90% (with three ‘inconclusive’ 503 
participant drawings removed)], and eight of the 12 who were fully sighted [80% (with two 504 
‘inconclusive’ participant drawings removed)] instantly drew a mental image. This was a 505 
tactile/visual shape that corresponded to the presented auditory bouba/kiki. Both the blindfold 506 
and vision-group were significantly above the chance level (of 50%): χ2(1. N = 9) = 5.44, p = 0.02 507 
and χ2(1. N = 10) = 3.60, p = 0.06 (Experiment 3, Trial 1)17. (Cf. Table 3.) 508 
 509 
Regarding the long-term mental images of bouba and kiki, 11 participants in the blind-group, 8 510 
in the blindfold-group, and 12 in the vision-group drew tactile/visual bouba/kiki shapes that 511 
corresponded to the presented auditory bouba/kiki. Both the blind and vision-group were 512 
significantly above the chance level (of 50%): χ2(1. N = 12) = 8.33, p = 0.00 and χ2(1. N = 12) = 513 
12.00, p = 0.00 (Experiment 3, Trial 1-4)17. Fisher’s exact test found a significant difference 514 
between the blindfold-group and the vision-group [p = 0.09 (Experiment 3, Trial 1-4)]17. (Cf. Table 515 
3.)  516 
 517 
[Place Table 3 here] 518 
 519 
Furthermore, ~83% of all participant drawings included the most characteristic shape feature of 520 
the global bouba and kiki shapes, curve and angle, respectively (Experiment 3, Trial 1-4)17. The 521 
participant drawings differed in the quantity of curves/angles (e.g., one and five angles for the 522 
kiki word: cf. Figure 2, Trials 1, 6, and 9), and in the direction of the curves/angles [i.e. horizontal, 523 
vertical or diagonal: cf. Figure 2, Trials 2, 5, and 8 (bouba sound)], but typically did not include 524 
the global bouba/kiki shape [Experiment 3, Trials 1-4 (cf. Figure 1; Figure 2)]17. Finally, the 525 
experimental group was recognized in ~43% of the scores’ answers: Five participants in the blind-526 
group, three in the blindfold-group, and five in the vision-group; no experimental group was 527 



   

significantly above the chance level [of 33.3% (Experiment 3, Trial 1-4)]17.  528 
 529 
The effect of visual imagery and learning 530 
The presented protocol succeeded in investigating the role of visual imagery in the bouba/kiki-531 
effect, whether training in noticing the bouba/kiki shape-audio regularities affects the 532 
bouba/kiki-effect and the recognition of individual bouba and kiki shapes, and finally what mental 533 
images these regularities produce. By including one group of participants with no visual 534 
experience (i.e. the blind-group) and two experimental groups with visual experience (i.e. the 535 
blindfold and vision-group), it was possible to test the effect of visual imagery; and by including 536 
one group of participants with no visual experience and extensive tactile experience (i.e. the 537 
blind-group) and one experimental group with extensive visual experience and no tactile 538 
experience (i.e. the blindfold-group), it was possible to test the effect of the training in noticing 539 
tactile-auditory regularities. The results clearly suggest that the blindfold-group drew upon visual 540 
imagery to solve new problems, but not long term (Experiments 1–3); that training in noticing 541 
bouba/kiki shape-audio regularities affected the bouba/kiki-effect (Experiment 1) and the 542 
recognition of individual bouba and kiki shapes (Experiment 2), but differently in each 543 
experimental group (Experiment 1-2), and that all experimental groups created mental images of 544 
the most characteristic shape feature of bouba (curve) and kiki [(angle) Experiment 3. Cf. Table 545 
1; Table 2; Table 3]17. Moreover, by including repeated within-group measures of instant and 546 
long term effect (Experiment 1-3), it was possible to test when the effect of visual imagery and 547 
learning shape audio-regularities actually occurred; and by including three different tasks (i.e. 548 
the bouba/kiki-effect in Experiment 1, recognizing individual tactile/visual bouba/kiki shapes 549 
together with congruous and incongruous bouba/kiki audio in Experiment 2, and drawing mental 550 
images of bouba/kiki audio in Experiment 3), to test how robust these effects were. The results 551 
clearly suggest that the effect of visual imagery was not robust long term within each task, 552 
especially when using haptic touch [cf. the blindfold-group (Experiment 1-3)]; whereas the effect 553 
of learning shape-audio regularities was, but not across tasks [cf. the blind and vision-group 554 
(Experiment 1-3). Cf. Table 1; Table 2; Table 3.]17 555 
 556 
FIGURE LEGENDS: 557 
 558 
Audio 1: Bouba word 559 
 560 
Audio 2: Bouba sound 561 
 562 
Figure 1: Two types of bouba/kiki shapes: Filled and outlined 563 
 564 
Figure 2: Examples from the questionnaire for scoring the drawing data 565 
 566 
Table 1: The instant and long term bouba/kiki-effect 567 
 568 
Table 2: The instant and long term recognition of bouba and kiki shapes 569 
 570 
Table 3: The instant and long term mental images of bouba and kiki 571 



   

 572 
DISCUSSION:  573 
The presented protocol is appropriate for investigating the effect of visual imagery and learning 574 
shape-audio regularities, when they occur and how robust they are; in specific individuals and 575 
groups of individuals.  576 
 577 
This protocol would be appropriate for testing not only the accuracy but also the exploration 578 
time, from when the experimenter removes their left hand from the participant’s fists (in the 579 
blind and blindfold-group) / the carton plate or foam board (in the vision-group) to when the 580 
participant says ‘yes.’ In the statistical analyses, the longest exploration time per trial per 581 
experimental group would be divided into four and the number of ‘fast,’ ‘medium’ and ‘slow’ 582 
participants in each experimental group counted: ‘Fast’ using ≤25% of this exploration time, 583 
‘medium’ using 26-75%, and ‘slow’ using ≥75%. Across trials, the participants would be counted 584 
as in Experiment 2: That is, as ‘fast’ if counted as ‘fast’ in ≥66.6% of all trials, as ‘medium’ if 585 
counted as ‘medium’ in ≥66.6% of all trials, and so on. (For ‘inconclusive’, i.e. the participant 586 
cannot be counted as ‘fast,’ ‘medium’ or ‘slow’, cf. Experiment 3.) It would be possible to test the 587 
exploration time for correct and incorrect answers separately, depending on the sample size 588 
and/or the number of correct and incorrect answers. Whether testing accuracy, exploration time 589 
or both, this protocol has one critical step: In Experiment 2, it is crucial to present the auditory 590 
bouba/kiki as soon as the participant starts exploring the tactile/visual shape, to ensure the 591 
presentation of multimodal (congruous or incongruous) information. Moreover, this protocol 592 
would be appropriate for testing other groups of individuals as well. These participant groups 593 
would be added as separate experimental groups: For example, a color perception-group and a 594 
shape perception-group;22 a sudden vision loss-group and a progressive vision loss-group;20-21 595 
and/or specific groups of individuals with a hearing impairment and/or an Autism Spectrum 596 
Disorder13. 597 
 598 
With this protocol, it would be possible to establish a group norm (for accuracy and/or 599 
exploration time) for specific groups on each instant and long term effect, including each 600 
repeated within-group measure, and/or task; then to test individuals against their group norm: 601 
Whether any particular individual or the entire group is in need of further training in noticing the 602 
shape-audio regularities. A group norm for each instant and long term effect, including each 603 
repeated within-group measure, and/or task would also make it possible to determine what kind 604 
of training is needed to notice the shape-audio regularities: For example, more trials with the 605 
bouba/kiki-effect (Experiment 1) and/or more trials with congruous and incongruous shape and 606 
audio (Experiment 2). Indeed, it would be possible to increase both the number of trials and the 607 
number of repeated within-group measures in each task as well as altering the time between 608 
them, thereby allowing more individualized training and testing.  609 
 610 
However, this protocol would need modifying if testing what type of materials (e.g., bouba or 611 
kiki, filled or outlined, and/or sound or word) best ensures the learning of shape-audio 612 
regularities. A possible way of modifying this protocol could involve presenting the different 613 
materials in blocks: For example, filled shape(s) and sound and/or outlined shape(s) and word 614 
(Experiment 1). These blocks could be presented in random order to all the participants in one 615 



   

experimental group; or alternatively, each one of the four blocks to separate experimental 616 
groups (Experiment 1). The protocol would also need modifying if testing even further the 617 
robustness of the visual imagery and/or learned shape-audio regularities within and across tasks. 618 
This modification could involve adding repeated within-group measures with different shape 619 
and/or audio than those included in the training; for example, with the sound for ‘maa-boo-maa’ 620 
and ‘tuh-kee-tee’ after training with bouba and kiki shapes and words (Experiment 1)1,3-4,10-16. 621 
Another option could involve presenting a third tactile/visual shape which is not mainly 622 
curved/angular together with the bouba and kiki shapes in Experiment 110-16. A spoken nonsense 623 
word and a sound could be created for this tactile/visual shape to produce a third shape-word 624 
pair14-16 and a third shape-sound pair17 (Experiment 1). The shape-sound pair could then be 625 
included in Experiment 2 as catch-trials or alternatively as regular congruous trials and with 626 
corresponding incongruous trials. Finally, the sound (from Experiment 2 and Experiment 1) 627 
and/or the nonsense word (from Experiment 1) could be presented in Experiment 3. A third 628 
option could involve not conducting Experiment 2 and Experiment 3 at all, but rather including 629 
them as tasks in the repeated within-group measures in Experiment 1, in random order. 630 
 631 
The presented protocol is unique in that it keeps under control both the visual imagery and the 632 
sensory information during training and testing. It is flexible: Large and small samples and specific 633 
individuals can be tested against themselves (cf. the within-group testing) and/or other groups 634 
of individuals (cf. the between-group testing). It is possible to test both accuracy and exploration 635 
time, change the number of trials and repeated within-group measures in each experiment and 636 
the time between them, and change or even collapse the order of trials and/or experiments.  637 
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Rollerball pen [black (1.0 

mm tip)] Ryman 827134001

Rubber mat RNIB Shop LC177

Saddleback style RNIB Shop B511

Swell paper Zychem Ltd Zytex2 paper
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Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: "Agreement" means this Article and 
Video License Agreement; "Article" means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; "Author" 
means the author who is a signatory to this Agreement; 
"Collective Work" means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
"CRC License" means the Creative Commons Attribution 3.0 
Agreement (also known as CC-BY), the terms and conditions 
of which can be found at: 
http://creativecommons.org/licenses/by/3.0/us/legalcode
; "CRC NonCommercial License" means the Creative 
Commons Attribution-NonCommercial 3.0 Agreement (also 
known as CC-BY-NC), the terms and conditions of which can 
be found at: http://creativecommons.org/licenses/by-
nc/3.0/legalcode; "Derivative Work" means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; "Institution" means the 
institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; "JoVE" means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; "Materials" means the Article 
and / or the Video; "Parties" means the Author and JoVE; 
"Video" means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 

affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 
of the Article, and in which the Author may or may not 
appear.  
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and (c) to license others to do 
any or all of the above. The foregoing rights may be 
exercised in all media and formats, whether now known or 
hereafter devised, and include the right to make such 
modifications as are technically necessary to exercise the 
rights in other media and formats. If the "Open Access" box 
has been checked in Item 1 above, JoVE and the Author 
hereby grant to the public all such rights in the Article as 
provided in, but subject to all limitations and requirements 
set forth in, the CRC License. If the "Standard Access" box 
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has been checked in Item 1 above, JoVE and the Author 
hereby grant to the public all such rights in the Article as 
provided in, but subject to all limitations and requirements 
set forth in, the CRC NonCommercial License. 
4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the 
non­exclusive right to use all or part of the Article for the 
non­commercial purpose of giving lectures, presentations 
or teaching classes, and to post a copy of the Article on the 
Institution's website or the Author's personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE's copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author.  
5. Grant of Rights in Video - Standard Access. This 
Section 5 applies if the "Standard Access" box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE.  
6. Grant of Rights in Video - Open Access. This 
Section 6 applies only if the "Open Access" box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats.  
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 
rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 

such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute.  
8. Protection of the work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author's name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws.  
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author's 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
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discretion andwithout giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author's institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney's 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney's fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author's or the Author's institution's 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contaminationdue to 
the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 

decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author's expense. All indemnifications provided herein 
shall include JoVE's attorney's fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors.  
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE's successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement. 
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Dear Editorial Reviewers  
Thank you for reviewing our paper. Please find our changes listed below.  
 
1. The editor has formatted the manuscript to match the journal's style. Please retain the 
same. 
-  We have done all revisions in the version formatted by the editor (attached to your  

email).  
2. Please address specific comments marked in the manuscript. 
-  Please note the new title: ‘Investigating the effect of visual imagery and learning  

shape-audio regularities on bouba and kiki’ 
-  Please note Introduction, third paragraph, first line: ‘Accepted’ (although in JoVE’s 

Instructions_ for_Authors, B Grammar, second bullet point it says that ‘Avoid the use 
of personal pronouns (e.g., I, you, your, we, our) or colloquial phrases.’ 

-  Please note Design, first comment: Highlights removed.  
-  Please note Design, second comment: This is found in Introduction, last paragraph,  

in 1.2.1, and in 6.1.10. Please, do also note that ‘experiment’ is changed to ‘design’.  
-  Please note Design, fourth comment: This is described in Procedure, the second 

NOTE: ‘Repeat 6.1.4–6.1.12 for all eight trials.’ Design describes the design, not what 

goes on in each trial (which is described in Procedure).  

- Please note Design, fifth comment: This is described in Procedure, the first NOTE: 
‘NOTE: Repeat 6.2.3–6.2.9 for all eight trials.’ 

-  Please note Participants, first comment: ‘Rejected’, because this would be a 

description of the study and not the protocol. 

- Please note Participants, second paragraph: Number of participants in each group is 

added in Introduction, last paragraph, third sentence: ‘Three groups of individuals 

participated: blind (N = 12), blindfold (N = 12), and vision (N = 12)17.’ 

- Please note Materials, first comment: ‘Accepted’.  

- Please note Materials, second comment: It should be one file with the spoken bouba 

word, and one with the bouba sound. Is that not what you hear when you play them? 

We have had some issues with different equipment (e.g., we can play them from an 

iPhone but from not a PC).  

- Please note Conditions, first comment: We merged together Design and Conditions as 

suggested. Please do also note that some of the steps in the previous Conditions have 

been merged together in Design and Conditions, and that parts of the previous 

Conditions has been moved to Procedure. We ‘rejected’ the suggested swapping 

around of sections: It seems logic to keep the order as follows: Design and 

Conditions, Participants, Materials, and Procedure and scoring. Please note that the 

highlights are removed.  

-  Please note Conditions, second comment: ‘Accepted’. Previous 2.3 is now a NOTE 

-  Please note Conditions, third comment: This is found in Introduction, last paragraph, 
in 1.2.1, and in 6.1.10. Please, do also note that ‘experiment’ is changed to ‘design’. 

- Please note Conditions, fourth comment: ‘Accepted’, and included in the existing 

NOTE: ‘Make sure that in total there are four bouba and four kiki trials; four filled 

and four outlined tactile/visual shape trials; four auditory sound and four auditory 

word trials. Total number of trials: 8.’ 

-  Please note Conditions, fourth and fifth comment: ‘Accepted’, and included in the  

existing NOTE: ‘Make sure that in total there are four tactile/visual bouba and four 

tactile/visual kiki trials; four filled and four outlined tactile/visual trials; four 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Revision Letter
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congruous and four incongruous (shape + sound) trials. (The auditory bouba/kiki 

word is not included in this experiment.) Total number of trials: 8.’ 

- Please note Set-up, first comment: ‘Accepted’.  
- Please note Set-up, second comment: ‘Accepted’.  
- Please note Procedure, first comment: New sentence (in new 4.1.1: ‘Conduct the 

three experiments in a room that is neutral in color and quiet, and with all participants 

individually.’ 
-  Please note Conduct Experiment 3, first comment: Checked. Thank you! 
-  Please note Representative Results, first comment: ‘Accepted”. The recruited  

number of participants per experimental group is included in the first paragraph  
under each sub-heading. Please do also note the new last paragraph [about how the  
experiments helped (…)]: ‘The effect of visual imagery and learning. The presented 

protocol succeeded in investigating the role of visual imagery in the bouba/kiki-effect, 

whether training in noticing the bouba/kiki shape-audio regularities affects the 

bouba/kiki-effect and the recognition of individual bouba and kiki shapes, and finally 

what mental images these regularities produce. Indeed, by including one group of 

participants with no visual experience (i.e. the blind-group) and two groups with 

visual experience (i.e. the blindfold and vision-group) was it possible to test the effect 

of visual imagery, and by including one group of participants with no visual 

experience and extensive tactile experience (i.e. the blind-group) and one group with 

extensive visual experience and no tactile experience (i.e. the blindfold-group) was it 

possible to test the effect of the training in noticing tactile-auditory regularities. The 

results clearly suggest that the blindfold-group drew upon visual imagery to solve new 

problems, but not long term (Experiment 1–3); that training in noticing bouba/kiki 

shape-audio regularities affected the bouba/kiki-effect (Experiment 1) and the 

recognition of individual bouba and kiki shapes (Experiment 2), but differently in 

each experimental group (Experiment 1-2), and that all experimental groups created 

mental images of the most characteristic shape feature of bouba (curve) and kiki 

[(angle) Experiment 3. Cf. Table 1; Table 2; Table 3]17. Moreover, by including 

repeated within-group measures of instant and long term effect (Experiment 1-3) was 

it possible to test when the effect of visual imagery and learning shape audio-

regularities actually occurred, and by including three different tasks (i.e. the 

bouba/kiki-effect in Experiment 1, recognising individual tactile/visual bouba/kiki 

shapes together with congruous and incongruous bouba/kiki audio in Experiment 2, 

and drawing mental images of bouba/kiki audio in Experiment 3) to test how robust 

these effects were. The results clearly suggest that the effect of visual imagery was 

not robust long term within each task when using haptic touch [cf. the blindfold-group 

(Experiment 1-3)], whereas the effect of learning shape-audio regularities was, but not 

always across tasks [cf. the blind-group (Experiment 1-3). Cf. Table 1; Table 2; 

Table 3.)]17.’ 

- Please note Representative Results, second comment about the Tables: ‘Accepted’ 
and about citations: ‘Accepted’ (The last editorial review asked us to remove all 
citations in this section.) 

- Please note Figure legends: Thank you! We’ve added the title for each one of the 
new tables. There should be no need to describe the data any further.  

-  Please note Discussion, first comment: The Discussion has been revised. Please note  
that JoVE’s Instructions_ for_Authors, Discussion says ‘3-6 paragraphs’. The current  
Discussion includes 5 paragraphs, to improve readability.  



 Critical steps: Please note second paragraph, new third last sentence: ‘Whether 

testing accuracy, exploration time or both, this protocol has one critical step: In 

Experiment 2 it is crucial to present the audio exactly as soon as the participant 

starts exploring the tactile/visual shape, that is, to ensure the presentation of 

multimodal (congruous or incongruous) information. 
 Modifications: Please note the fourth paragraph.  

 Limitation of method: Modifications have been suggested based on the 
limitations. Please note the fourth paragraph. 

 Significance of the method: Please note the new fifth paragraph: ‘The presented 

protocol is unique in that it keeps under control both the visual imagery and the 

sensory information during training and testing. It is flexible: Large and small 

samples as well as particular individuals can be tested against themselves (cf. the 

within-group testing) and/or other groups of individuals (cf. the between-group 

testing). It is possible to test both accuracy and exploration time, to change the 

number of trials and repeated measures in each experiment and the time between 

them, and also to change or even collapse the order of trials and/or experiments.’ 
 Future applications or directions of the method: Please note the second and the 

third paragraph.  
-  Please note Funders, first comment: Thank you! This has been changed to ‘This work 

was funded by the European Union’s Horizon 2020 research and innovation program under 

the Marie Sklodowska-Curie Actions (grant agreement number 657440) and the Norwegian 

Association of the Blind and Partially Sighted.’ 

-  Please note References, first comment: Thank you! Checked and corrected.  
 
3.. We need discrete experimental steps for filming purpose. 
4. Please adjust the highlight to 2.75 pages including headings and spacings. This is our hard 
cut limit. 
-  Please see our revised highlights. 
 
5. Please convert all tables to .xlssx file as we cannot have any other formats. Table of 
Materials is converted to the required format for your convenience. Please check. 
-  Thank you! Please note the new Table 1, Table 2, and Table 3. Please do also not that  

the Table of Materials is checked and corrected.  
 
6. Please obtain explicit copyright permission to reuse any figures from a previous 
publication. Explicit permission can be expressed in the form of a letter from the editor or a 
link to the editorial policy that allows re-prints. Please upload this information as a .doc or 
.docx file to your Editorial Manager account. The Figure must be cited appropriately in 
Figure Legend, i.e. “This figure has been modified from [citation].” 
-  Please note that we have not re-used and figures, tables or audio.  
 
7. Please convert Figure 3 to three tables in the .xlsx file instead. 
-  Please note the new Table 1, Table 2, and Table 3. 
 
8. There are still some texts in the manuscript which matches with the previously published 
literature. In this regard, Please reword lines 30-31, 41-44, 54-55, 75, 81-82,106-108, 110, 
130-131, 133-134, 136-138, 310,312, 326-327, 339-340, 365-366, 404-405, 456-458, 469-
471, 477-479 and most of the representative result rection (you can present the previously 



published result but the wording in this section should be original). 
-  Please note that line(s):  
 - 30-31 have been deleted.  

- 41-44 have been moved and revised: ‘The experiments were conducted in fixed  

order with all participants and with no break between them.’ Please do also 

note that a new last sentence has been added in the abstract (line 49-50): ‘The 

protocol is unique in that it keeps under control both the visual imagery and 

the sensory information during training and testing.’ 

- 54-55 have been changed to: ‘95% of the world’s population show an auditory- 

visual bouba/kiki-effect, associating the visually rounded shape with the 

spoken word bouba and the visually angular shape with the spoken word kiki, 

and they do this even when they have not had any experience with either the 

shape or the word.’ 
- 75 has been changed to: ‘(…) the participants who were blind and partially sighted  

was caused by a lack of visual imagery: The fully sighted participants had 

(…)’ 
- 81-82 has been changed to: ‘(…) announcing the bouba/kiki word – rounded lip  

movements when announcing ‘bouba’ and angular lip movements when 

announcing ‘kiki’1,18 –, showing a tactile-visual-auditory (…)’ 
- 106-108 have been moved and rephrased: ‘The experiments were conducted in  

fixed order with all participants and with no break between them, that is, to 

keep under control the participants’ amount and type of experience with bouba 

and kiki.’ 
- 110 has been changed to: ‘Overall, this study suggested that the effect of visual  

imagery is robust across tasks, but not long term within each task, whereas 

that the effect of learning shape-audio regularities is robust long term within 

each task, but not across tasks17.’ 
- 130-131 have been changed to: ‘Conduct the pre-test (Trial 1), that is, test the  

instant bouba/kiki-effect.’ 

- 133-134 have been changed to: ‘Conduct the first repeated within-group measure  

(Trial 4), that is, test the effect of repeated tactile/visual shape (either filled or 

outlined) and varied audio (word and non-word sound).’   
- 136-138 have been changed to: ‘Conduct the second within-group measure (Trial  

5), that is, test the effect of new tactile/visual shape (either outlined or filled) 

and varied audio (word and non-word sound).’ and ‘Conduct the third within-

group measure and post-test (Trial 8), that is, test the effect of the bouba/kiki 

shape-audio regularities – varied tactile/visual shape (filled and outlined) and 

varied audio (word and non-word sound).’ 

- 310 has been changed to: ‘(…) on the right, and in both Experiment 1 and  

Experiment 2 to always present them in the same orientation (cf. Figure 1),  

that is, to enhance the participants’ ability to form (…).’ 
- 312 has been changed to: ‘(…) interference from their position and/or orientation on  

the rubber mat. Make sure not to inform the participants about this fixed  

presentation of position and orientation.’ 
- 326-327 has been changed to: ‘Invite the participants who will be exploring and  

drawing the tactile shapes (i.e. the blind and blindfold-group) to explore the 

rubber mat (by touch), for example, for size and texture, without any of the 

picture cards or copy paper/plastic embossing film placed on top.’  

- 339-340 has been changed to: ‘In the blind and blindfold-group, ask the participant  



to make a fist with both hands. Next, ask the participant to place their fists on 

top of the presented picture cards (and guide them if needed). Place the left 

hand on top of the participant’s fists. 
- 365-366 has been changed to: ‘Explain that one tactile/visual picture card will be  

presented on the rubber mat and that some audio will appear from the MP3-

player.’   
- 404-405 has been changed to: In the blind and blindfold-group, invite the  

participant to try out the different drawing equipment, and then to decide for 

themselves which ones they prefer: Copy paper or plastic embossing film and 

rollerball pen or saddleback style.’  

- 456-458 has been changed to a quote: Ask the scorers to answer two multiple- 

choice questions per picture in the questionnaire: ‘Is the pictured shape 

“bouba” or “kiki”? and “Is the pictured shape drawn by someone who is blind 

(since birth), blindfolded, or fully sighted?”17, p. 207. 
- 469-471: Do these lines turn up because they resembles 4.6.15.1? The text is: ‘Not  

correspond’ when (I) ≥75% of the scorers agreed on which tactile/visual shape 

(bouba or kiki) was pictured, and (II) this shape did not correspond to the 

presented audio (bouba or kiki) in this trial.’ In the Acta Psychologica-paper it 

says “(…) ‘not correspond’ when (I) ≥9 scorers agreed on which tactile/visual 

shape (bouba or kiki) the participant in question had drawn, and (II) this shape 

did not correspond to the presented audio (bouba or kiki) in this trial; and, 

(…)”.  

- 477-479 has been changed to: ‘Across trials, count a participant as ‘correspond’  

when ≥75% of their drawn mental images, that is, tactile/visual shapes, 

correspond to the presented bouba/kiki audio.’  
- most of the representative result section: Revised, except for the presentation of  

the qualitative and quantitative results. 
 
9. Once done please proofread the manuscript for any spelling or grammar issues. Please 
use American English throughout. 
- The paper has been proofread (by Oxbridge Proofreading Service) and American 
English applied.  
 
10. Our UK ALA has been recently revised. Please sign the revised ALA and upload it with the 
next revision. Thank You. 
-  Please find our signed UK ALA uploaded.  
 



 

4. Procedure and scoring 1 

4.1 Set up the test session: 2 
 3 
4.1.1 Conduct the three experiments in a room that is neutral in color and quiet, and with all 4 

participants individually. Ask the participants in the blindfold-group to put on their blindfold, 5 
before setting up the test materials, and make sure they keep their blindfold on throughout (and 6 
between) all three experiments. 7 
 8 
4.2 Set up the tactile/visual test materials: 9 

 10 
4.2.1  Place the rubber mat directly in front of the participant. Then, place (Experiment 1) the 11 
two tactile/visual bouba and kiki shapes (Experiment 2), the one tactile/visual bouba or kiki 12 
shape and (Experiment 3), the copy paper/plastic embossing film on top of the rubber mat. In 13 

Experiment 1, make sure to always present bouba on the left and kiki on the right; and in both 14 
Experiment 1 and Experiment 2, to always present them in the same orientation (cf. Figure 1): 15 

To enhance the participants’ ability to form mental images of the bouba and kiki shapes 16 

without interference from their position and/or orientation on the rubber mat. Make sure not 17 

to inform the participants about this fixed presentation of the tactile/visual bouba and kiki 18 

shapes. In the vision-group, always set up the test material behind a carton plate/foam board, 19 

to prevent these participants from taking a sneak peek at what is in store. 20 

 21 

4.3 Set up the auditory test materials: 22 

4.3.1 Place the MP3 player directly in front of the participant (on the other side of the rubber 23 
mat), and with the loudspeaker closest to the participant. 24 
 25 

4.4 Conduct Experiment 1, Experiment 2, and Experiment 3: 26 

4.4.1 Invite the participants who will be exploring and drawing the tactile shapes (i.e. the blind 27 

and blindfold-group) to explore the rubber mat (by touch): For example, for size and texture, 28 

without any of the picture cards and/or copy paper or plastic embossing film placed on top.  29 

 30 

4.5 Conduct Experiment 1: 31 

4.5.1 Explain that two picture cards will be presented on the rubber mat, each one picturing a 32 

tactile/visual shape. Then, explain that some audio will appear from the MP3 player and that this 33 

audio will correspond to one of the tactile/visual shapes. 34 

 35 

4.5.2 Place the two picture cards on the rubber mat (cf. Figure 1).  36 

 37 

4.5.3 In the blind and blindfold-group, ask the participant to make a fist with both hands. Next, 38 

ask the participant to place their fists on top of the presented picture cards (and guide them if 39 

needed). Place the left hand on top of the participant’s fists.  40 

 41 

4.5.4 Ask the participant to explore the two tactile/visual shapes, the blind and blindfold-group 42 

by touch and the vision-group by vision. Ask them to say ‘yes’ when they have finished their 43 

exploring. 44 

 45 
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4.5.5 Remove the left hand from the participant’s fists (in the blind and blindfold-group) / the 46 

carton plate or foam board (in the vision-group).  47 

 48 

4.5.6 As soon as the participant says ‘yes,’ cover the picture cards.  49 

 50 

4.5.7 Play the audio.  51 

 52 

4.5.8 Ask the participant to signal which tactile/visual shape they associate with the audio, for 53 

example, by saying ‘left/right,’ ‘curvy/angular’ or ‘flower/star’. Do not respond to the 54 

participant’s answer.  55 

 56 

4.6 Conduct Experiment 2: 57 

 58 

4.6.1 Explain that one tactile/visual picture card will be presented on the rubber mat and that 59 

some audio will appear from the MP3 player.   60 

 61 

4.6.2 Explain that the audio will appear one time per picture card, as soon as the participant 62 

starts exploring the tactile/visual shape.  63 

 64 

4.6.3 Place the picture card on the rubber mat.  65 

 66 

4.6.4 In the blind and blindfold-group, ask the participant to make a fist with both hands. Next, 67 

ask the participant to place their fists on top of the presented picture card (and guide them if 68 

needed). Place the left hand on top of the participant’s fists. 69 

 70 

4.6.5 Ask the participant to explore the tactile/visual shape, the blind and blindfold-group by 71 

touch and the vision-group by vision, and to listen to the audio. Then, ask them to name the 72 

tactile/visual shape and the audio as either ‘bouba’ or ‘kiki’: One name only23-25, when they have 73 

finished their exploring. 74 

 75 

4.6.6 Remove the left hand from the participant’s fists (in the blind and blindfold-group) / the 76 

carton plate or foam board (in the vision-group) and play the audio. 77 

 78 

4.6.7 As soon as the participant names the tactile/visual shape and the audio, cover the picture 79 

card.  80 

 81 

4.7 Conduct Experiment 3: 82 

 83 

4.7.1 Explain that some copy paper/plastic embossing film will be placed on top of the rubber 84 

mat, instead of the picture card(s), and that the participant will be asked to draw on it.  85 

 86 



   

4.7.2 In the blind and blindfold-group, invite the participant to try out the different drawing 87 

equipment, then to decide for themselves which ones they prefer: Copy paper or plastic 88 

embossing film and rollerball pen or saddleback style. 89 

 90 

4.7.3 Explain that some audio will appear from the MP3 player and that the participant will be 91 

asked to draw the shape they associate with this audio: One shape per segment of audio.  92 

 93 

4.7.4 Place the copy paper/plastic embossing film on the rubber mat.  94 

 95 

4.7.5 In all three experimental groups (blind; blindfold; vision), ask the participant to make a 96 

fist with both hands, holding the rollerball pen/saddleback style. Then, ask the participant to 97 

place their fists on top of the copy paper/plastic embossing film (and guide them if needed). 98 

Place the left hand on top of the participant’s fists.  99 

 100 

4.7.6 Ask the participant to draw the shape that they associate with the presented audio. In the 101 

blind and blindfold-group, ask the participant to draw a tactile shape; and in the vision-group, a 102 

visual shape. Ask the participant to say ‘yes’ when they have finished their drawing. 103 

 104 

4.7.7 Remove the left hand from the participant’s fists.  105 

 106 

4.7.8 Play the audio.  107 

 108 

4.7.9 When the participant has said ‘yes,’ remove their drawing from the rubber mat and label 109 

it with the correct trial number in the bottom right corner. Do not respond to/comment on the 110 

participant’s answer/drawn shape.  111 

 112 

NOTE: Experiment 3 is scored by a group of scorers after all drawing data have been collected.  113 

 114 

4.7.13 Ask the scorers to answer two multiple-choice questions per picture in the questionnaire:  115 

(1) ‘Is the pictured shape “bouba” or “kiki;”’ and (2) ‘Is the pictured shape drawn by someone 116 

who is blind (since birth), blindfolded, or fully sighted?’17, p. 207 117 


