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Synesthesia(#£ &R )
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syn, “together” aisthesis, "sensation”

“Perceptual phenomenon in which
stimulation of one sensory pathway leads
to automatic, involuntary experiences in a

second sensory pathway.”

SYNESTHESIA
0123456789

Grapheme-color synesthesia
2019/1/7
[llust: https://en.wikipedia.org/wiki/Synesthesia



Connections between senses

Connection between acoustic and electric
senses

Product design inspired by synesthesia



Temperature - color suy i

https://shannon-brinkley.com/blogs/shannon-brinkley-studio-1/8 2019 1/7

[llust: https://shannon-brinkley.com/


https://shannon-brinkley.com/blogs/shannon-brinkley-studio-1/8

Taste/olfaction - touch

“Texture” of wine
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Dense =t | sticky
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Firm Hard Heavy Round Tight
Flat Holllow Light Rough

https://en.wikipedia.org/wiki/Wine_tasting_descriptors

Photo: https://www.winemag.com/


https://www.winemag.com/2010/11/18/sparkler-pairings-for-your-next-holiday-soiree/

Vision-audition

“Harmony of colors like harmony of sounds”
- Aristotle 6t cent. B.C.

On Associations of Light and Sound: The Mediation of Brightness, Pitch, and
Loudness Lawrence E. Marks
The American Journal of Psychology Vol. 87, No. 1/2 P180 2019 1/7

2000 1 ] | L | ] ¥ L | | 200 I
. 1000 .
O - - 150 — O Yellow
8 N : : White O
4 '& 500 - §
-8 % i ) “2100 — Green OR d
: 300' - g’ @ €
o E Blue
U 200t . .
N =12 S Brown
ool
MUNSELL VALUE 0 | | 1 |
Low High
...... Brightness ratings
Bri h N Goldstein, Sensation & Perception 6t ed.
ghtness

Marks, 1974



Vision-audition

PITCH
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———lp | OUDNESS

Marks, 1975
On Colored-Hearing Synesthesia: Cross-Modal Translations of Sensory Dimensions Lawrence E Marks
Psychological Bulletin 82(3) P319
2019 1.7



Why cross-modal perception?

e The brain may combine information from
different sense modalities to enhance the speed
and accuracy of detection of objects and events,
and the choice of appropriate responses.

* Objects and events in the environment typically

produce a correlated input to several sensory
modalities at once.

Evans & Treisman, 2010



Biologists further wonder...

e Brain mechanisms?
e Nature or nurture? (Innate or learned?)
e« Human-specific? (Counterpart in animals?)



Visual - Auditory Connection:
Frequency Code in Animal Communication

Strength/Aggression  Weakness/Submission
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 Low & rough High & pure

Large vocal organ Small vocal organ
Large body size Small body size
“Dangerous” “Harmless”

2019 1/7 Mammals, birds, frogs: Morton, 1977; Ohala, 1984


https://soyunperro.com/los-perros-ensenan-los-dientes/
https://www.youtube.com/watch?v=S84KhEYMt1Y

Connections between senses

Connection between acoustic and electric
senses

1. Electric fish
ii. Electric communication

Product design inspired by synesthesia



Electric fish

Zap!: The Electric Eel and Other Electric Animals
(Armed and Dangerous (Paperback)) Greg Roza ZKi#fi
2019 1/7

The electric eel uses its electricity to zap its prey.

Electric e

(Electropherus, |
electncus) B\

vl |

THE ELECTRIC EEI. ‘

AND OTHER ELECTRIC'ANIMALS -

Each species of electric fish uses its electricity in different
ways. Some shock to kill their prey. Other electric fish use
their power to shock to scare away predators that get too
close. Still others send out electric signals to talk with
other fish of their species. There are even fish that use their
electricity to find their way in dark or muddy water.

Greg Roza

Zap!: The Electric Eel and Other Electric Animals;
Greg Roza ; PowerKids Press, 2011
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https://en.wikipedia.org/wiki/Electric_eel%23/media/File:Electric-eel.jpg

Darwin’s “headache”

Charles Darwin
(1809-1882)

2019 2/12

“The electric organs of fishes offer
another case of special difficulty; it is

impossible to conceive by what steps

these wondrous organs have been

produced...

The electric organs offer another and
even more serious difficulty; for they
occur in only about a dozen fishes, of
which several are widely remote in their

affinities...” . ,
-On the Origin of Species


https://www.telegraph.co.uk/science/2018/07/07/charles-darwin-animal-rights-activist-campaigned-humane-traps/

Electric organ:
muscle-derived generator

Electrocytes

Up to ~800V



Voltaic pile: artificial electric organ
~Invention of serial battery connection-~

2019 2/12

Pole posttil®
s

Alessandro Volta = -
(1745-1827) | Kig. 283. — Pile de Volta.

2019 2/12 VO'.ta, 1800



https://commons.wikimedia.org/wiki/Alessandro_Giuseppe_Antonio_Anastasio_Volta%23/media/File:Alessandro_Volta.jpeg
https://commons.wikimedia.org/wiki/File:Pile_de_Volta.jpg
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Darwin’s

Charles Darwin
(1809-1882)

“headache”

“The electric organs of fishes offer
another case of special difficulty; it is
impossible to conceive by what steps
these wondrous organs have been
produced...

The electric organs offer another and
even more serious difficulty; for they

occur in onlx about a dozen fishesz of

which several are widely remote in their

affinities...”
atfinities... -On the Origin of Species


https://www.telegraph.co.uk/science/2018/07/07/charles-darwin-animal-rights-activist-campaigned-humane-traps/
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https://www.panspermia.org/whatsnew77.htm
http://www.sciencemag.org/content/344/6191/1522.abstract
http://www.sciencemag.org/content/344/6191/1522.abstract

Electriceel " Strongly electric fish
(~50-1000 V)

e Predation
e Protection

elrec_intro.html 2019 3/26



http://www.detraditie.nl/sdt_museum/sdt_uk_expo_utr_elrec_intro.html
https://www.psarema.info/2010/06/%CE%BB%CF%8D%CF%87%CE%BD%CE%BF%CF%82/

Weakly electric fish Gymnotiformes
(<10V) > ZOQ SPP.

} oy

Sternopygus macrurus

Stenarchorhynchus roseni

2019 3/26

Eigenmannia virescens

(Glass Knifefish)
Apteronotus albifrons

(Black ghost)


https://www.fishwisepro.com/pictures/details?SId=12777&PictureId=1&Zoom=True&Info='17'
http://amanahfishfarm.blogspot.com/2011/10/pembenihan-ikan-black-ghost.html
https://alchetron.com/Eigenmannia

Weakly electric " i
fish ormyriformes

>200 .
(< 10 V) PP

2019 3/26

-y Gymnarchus
Hippopotamyrus pictus Niloticus

2019 3/26

§ Brienomyrus brachyistius (Black whale)
Gnathonemus petersii

(Elephant nose)

2019 3/18

2019 3/26

Isichthys henryi Petrocephalus sp.


https://source.wustl.edu/2011/04/jump-in-communication-skills-led-to-species-explosion-among-electric-fishes/
http://pages.nbb.cornell.edu/neurobio/hopkins/hopkins_main.html
http://mormyrids.myspecies.info/en/file/187
http://fishbase.sinica.edu.tw/identification/RegionSpeciesList.php?resultPage=7&c_code=430

Weakly electric organs

Active electrolocation Communication
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https://www.leisurepro.com/blog/explore-the-blue/new-species-electric-fish-discovered-africa/

. Connections between senses

. Connection between acoustic and electric
communication

lll. Product design inspired by synesthesia
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Electric communication of black whale
(Brienomyrus brachyistius)

\

Carl Hopkins Lab, Cornel Univ.


http://pages.nbb.cornell.edu/neurobio/hopkins/media/AP-Silence%20Clip/2007_10_04_8-7_B_129-200_AP.swf

Two components of electric communication

Pulse waveform: ‘Who’

Mormyrid electric fish

0.5 ms
Electric Organ Discharge

T~

1 sec

Carlson, 2002; Baker et al., 2013


https://source.wustl.edu/2011/04/jump-in-communication-skills-led-to-species-explosion-among-electric-fishes/

Pulse waveform: species/sex/individua

https://en.wikipedia.org/wiki/Gabon B )
Estuary 2019 3/26 ( e : y
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https://en.wikipedia.org/wiki/Gabon_Estuary
https://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Africa_satellite_plane.jpg

Frequency Code for pulse waveform
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Brienomyrus brachyistius J f Subordinate ¢

Bruce A.Carlson(2002). Electric signaling behavior and the mechanisms of electric organ discharge production in 1 ms
mormyrid fish Journal of Physiology-Paris

Volume 96, Issues 5-6, September-December 2002, Pages 405-419

Fig. 2. (B)

Carlson, 2000


https://www.sciencedirect.com/science/article/pii/S0928425703000196%23!
https://www.sciencedirect.com/science/journal/09284257
https://www.sciencedirect.com/science/journal/09284257/96/5

Two components of electric communication

Pulse waveform: ‘Who’

u/2011/04/jump-in-communication-skills-led-to-species-explosion-among-electric-fishes/ 2019 3/18
Mormyrid electric fish

0.5 ms
Brienomyrus brachyisius Electric Organ Discharge
Electric Organ =< _(EOD)_
Pulse intervals (~10-200 ms) —

: ‘What’

Carlson, 2002; Baker et al., 2013


https://source.wustl.edu/2011/04/jump-in-communication-skills-led-to-species-explosion-among-electric-fishes/

Precise sequence of pulse intervals
conveys different messages

Aggression
R
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Carlson, 2002; Wong & Hopkins, 2007



High-frequency Bursts for Aggression

Bruce A.Carlson(2002). Electric signaling behavior and the mechanisms of electric organ discharge production in mormyrid

fish Journal of Physiology-Paris Yolume 96, Issues 5-6, September-December 2002, Pages 405-419

Fig. 4.
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https://www.sciencedirect.com/science/article/pii/S0928425703000196%23!
https://www.sciencedirect.com/science/journal/09284257
https://www.sciencedirect.com/science/journal/09284257/96/5

“Agressive” Sounds in Animals

Eugene.S.Morton (1977) "On the Occurrence and Significance of Motivation-Structural Rules in Some Bird and Mammal Sounds”
The American Naturalist Vol.111,No981 855-869
Aviaw Sounps Usep v Hostie ok “FrIENDLY,” APPEASING CONTEXTS

Bpecies {family) Aggressive Konaggressive

White pelican, Pelicanus erythrorkynchus (Pelicanidae) ... ... .. Harsh nasal growls*® Not given

Mallard, Anas platyrhynchos (Anatidae) ......... b Loud harsh gaeck (%) Soft whimpers: kn and
quats (§)

Sparrow hawk, Falco sparverius (Falconidae) ............ .. .. Harsh chitter Whine

Bobwhite, Colinus virgintanus (Phasianidae) ........... . .., Loud, rasping “caterwauling'l| Tseep; squee

Ring-necked pheasant, Phasianus colchicus (Phasianidae), .. ... Hoarse brrrrah Squeak (¢)

Solitary sandpiper, Tringe solitaria (Seolopacidae) ...... ... .. Harsh, metallic sound Rizing shrill whistle

Stilt sandpiper, Micrepalama himantopus (Scolopacidae) ... ... Trrer Toi, weet

Cassin auklet, Ptyc}jma.ﬂwhﬂa alevtica (Aleadas) oo oL L L, s Growled Lrrr brir Kreel

Orange-chinned parakeet, Brotogeris jugularis (Psittacidae) ... . § rreer Low intensity “‘chirp”

Burrowing owl, Speotyto cunicularia (Strigidae) ......... ..., rasp eep

Red-headed woodpecker, Melanerpes erythrocephalug (Picidae) . § Chatter, rasp Not given

Harlequin antbird, Rhegmatorhina berlepschi (Formicariidae). .. § Growling chauhh chee

Chestnut-backed antbird, Myrmeciza exsul (Formicariidae) .. .. § Snarling nasal chiangh Musical chirps: cheup

Eastern kingbird, Tyronnus tyrannus (Tyrannidae) ......... .. Harsh zeer High.-pitched tee

Barn swallow, Hirundo rustica (Hirundinidae) ......... .. ... Deep harsh stutter Whine call

Furple martin, Progne subis (Hirundinidae). ........... ... .. zaorack gweed

Mexican jay, 4phelocoma wltramaring (Corvidae) ... ... cvov.. I Not given Variable weet

Serub jay, 4. coerulescens (Corvidae) .......... ... ... L., Harsh rattle whew, scree

Dwarf jay, 4. nana (Corvidae) ....... ... .o ot Harsh rasp shreeup

Common crow, Corvus brachyrhynchoes (Corvidae) ... ... ... . Growl Soft and plaintive

Carolina chickadee, Parus carolinensis (Paridae). ............. Click-rasp Lisping tee, soft dee,
high zee

Blue-gray gnateatcher, Polioptila caerulen (Sylviidae) ... . .. pest spese

American redstart, Setophaga ruticille (Parulidae) ....... .. ... Snarl zeeep, high.pitched titi

Yellow-headed blackbird, Xanthocephalus wanthocephalus

(Toteridans) .. . ns e s e car e a e, Harsh, nasal rahh-rakh pree pree pree

Crimson-backed tanager, Fhamphocelus dimidiatus (Thraupidae) § Rasping harsh hoarse notes Sseeceecent

Brown towhee, Pipilo fuscus (Fringillidae) .........0via .. Snarling throaty notes Seeep, squeal duet

Common redpoll, Aeanthis flammen (Fringillidaey ............ Harsh cheh cheh cheh SWeeeee

African village weaverbird, Ploceus eucullatus (Ploceidae). . . . .. Harsh growl look! see!l; high squeal

* Verbal or onomatopoetic (italics) renditions of sounds quoted from source author’s deseriptions.

Morton, 1977



. Connections between senses

. Connection between acoustic and electric
senses

lll. Product design inspired by synesthesia



Collaboration with a Product Designer
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https://www.nzu.ac.jp/course/life/nzu_designgirls/
http://www.chubu.jida.or.jp/sotuten/sotuten_2017_jidasho

Listen to Color

https://www.ted.com/talks/neil_harbisson_i_listen_to_color/transcript 2019 3/19
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https://www.ted.com/talks/neil_harbisson_i_listen_to_color/transcript
https://www.ted.com/talks/neil_harbisson_i_listen_to_color/transcript

How neiro works:
1. Color strip from picture

-
=

—

mr

TN W

-
{

: T

|
y

\-—/

https://www.nzu.ac.jp/course/life/nzu_designgirls/ 2019 3/18



https://www.nzu.ac.jp/course/life/nzu_designgirls/

How neiro works:
2. Color-to-sound conversion

Electromagnetic spectrum

Infrared : .
Waves Microwaves Radio Waves

Gamma X-Rays Ultraviolet

Visible light

Sttorter Wavelengths Longer Wawvelemgthe

Red

Indigo
Green
Yellow

Orange
Deep Red

~400nm ~750nm

(~750THz) ‘ ' (~400THz)

}) ~750 Hz ~400 Hz

Illustration: https://aviator-sunglasses.net/wp-content/uploads/2015/09/visi ble_lighg_os?eé(rjtﬁn. jpg
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Challenges for neiro

* Does not sound like music!
* Music theory
(Scale/Phrase/Chord progression...)
» Translation of “Mood” or “Style” &

Ryuichi Nariyama

* How to compress 2D data down
to 1D?
»e.g8. Eye tracking
 Vector cues in the picture





https://www.futurity.org/mormyrid-fish-brains-1917102/

