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Part I: colour perception



Part I: colour perception
physics: colors ~ frequency of electromagne4c radia4on ≈360nm – 780nm

physics:          1D continuum ~ ℝ1

sensation:  ???
perception:  ???
linguistics:    discrete (structure ???)



Part I: colour percep2on
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Part I: colour perception
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Part II: variation in colour perception

h4ps://www.goodnewsnetwork.org/park-installs-device-colorblind-can-enjoy-dazzling-fall-
colors-watch-joyful-reac@ons/

https://www.goodnewsnetwork.org/park-installs-device-colorblind-can-enjoy-dazzling-fall-colors-watch-joyful-reactions/
https://www.goodnewsnetwork.org/park-installs-device-colorblind-can-enjoy-dazzling-fall-colors-watch-joyful-reactions/


Part II: variation in colour perception
← normal vision (3D)

← dichromacy (2D)

← anomalous trichromacy (3D)

← dichromacy (2D)
← anomalous trichromacy (3D)

← dichromacy (2D)
← anomalous trichromacy (3D)

← monochromacy (1D) /

par2al color blindness

complete color blindness
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Part II: varia2on in colour percep2on
← normal vision (3D)

← dichromacy (2D)

← anomalous trichromacy (3D)
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Part II: varia2on in colour percep2on
← normal vision (3D)

← dichromacy (2D)

← anomalous trichromacy (3D)

← dichromacy (2D)
← anomalous trichromacy (3D)

← dichromacy (2D)
← anomalous trichromacy (3D)

← monochromacy (1D) /

par2al color blindness ≈8%♂

complete color blindness

“color blind”-friendly paleGes (e.g., viridis)



Part II: varia2on in colour percep2on
← normal vision (3D)

← dichromacy (2D)

← anomalous trichromacy (3D)

← dichromacy (2D)
← anomalous trichromacy (3D)

← dichromacy (2D)
← anomalous trichromacy (3D)

← monochromacy (1D) /
Tetrachromacy?15%-47%♀ ← superior ??? (4D?) /

partial color blindness ≈8%♂

complete color blindness

h4ps://ms.memorialcogic.online/se/are-you-tetrachroma@c.html

https://ms.memorialcogic.online/se/are-you-tetrachromatic.html


Part II: variation in colour perception
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LCR (locus control region)
→ unique expression of one L or M per cone
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first gene in 5’→3’ direc=on

promoters
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extremely similar (98%)
duplica=on of ancestral red gene 
(aHer separa=on of Old and New World primates ~30–40 Mya)



Part II: variation in colour perception
inter-individual:

• opsins (“red”/“green” most frequent, ≈8%♂) 

• re6nal mosacism

• cor6cal procesing (V1, V2, V4…)

• compensa6on strategies (postreceptor: contrast, luminance, language…) 

→ mul6-dimensional con6nuum between effec6ve monocrhoma6cism and (poten6al) tetrachromacity 

normal trichromats
protanopia
(no “red”)

Carroll, J., & Conway, B. R. (2021). Color vision. In J. J. S. Barton & A. Leff (Eds.), Handbook 
of Clinical Neurology (Ch8, Vol. 178, pp. 131–153). Elsevier. doi:10.1016/B978-0-12-
821377-3.00005-2

https://doi.org/10.1016/B978-0-12-821377-3.00005-2
https://doi.org/10.1016/B978-0-12-821377-3.00005-2
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Part II: variation in colour perception
inter-individual:

• opsins (“red”/“green” most frequent, ≈8%♂) 

• re6nal mosacism

• cor.cal procesing (V1, V2, V4…)

• compensa6on strategies (postreceptor: contrast, luminance, language…) 

→ mul6-dimensional con6nuum between effec6ve monocrhoma6cism and (poten6al) tetrachromacity 

Tregillus, K. E. M., Isherwood, Z. J., Vanston, J. E., Engel, S. 
A., MacLeod, D. I. A., Kuriki, I., & Webster, M. A. (2021). 
Color Compensa@on in Anomalous Trichromats Assessed 
with fMRI. Current Biology, 31(5), 936-942.e4. 
doi:10.1016/j.cub.2020.11.039

https://doi.org/10.1016/j.cub.2020.11.039


Part II: variation in colour perception
inter-individual:

• opsins (“red”/“green” most frequent, ≈8%♂) 

• re6nal mosacism

• cor6cal procesing (V1, V2, V4…)

• compensa.on strategies (postreceptor: contrast, lightness, rods, re6nal inhomogenei6es, language…) 

→ mul6-dimensional con6nuum between effec6ve monocrhoma6cism and (poten6al) tetrachromacity 

h4ps://www.lemon8-app.com/iameleannn/7324484412521857538?region=sg&pid=website_seo_share

https://www.lemon8-app.com/iameleannn/7324484412521857538?region=sg&pid=website_seo_share


Part II: variation in colour perception
inter-individual:

• opsins (“red”/“green” most frequent, ≈8%♂) 

• re6nal mosacism

• cor6cal procesing (V1, V2, V4…)

• compensa6on strategies (postreceptor: contrast, lightness, rods, re6nal inhomogenei6es, language…) 

→ mul.-dimensional con.nuum between effec6ve monochroma6cism and (poten6al) tetrachromacity 

https://stock.adobe.com/es/images/diverse-colorful-people-crowd-seamless-pattern-
illustration-multi-color-rainbow-cartoon-characters-in-funny-children-doodle-style-

friendly-community-or-kid-group-background-concept/461798371

https://stock.adobe.com/es/images/diverse-colorful-people-crowd-seamless-pattern-illustration-multi-color-rainbow-cartoon-characters-in-funny-children-doodle-style-friendly-community-or-kid-group-background-concept/461798371
https://stock.adobe.com/es/images/diverse-colorful-people-crowd-seamless-pattern-illustration-multi-color-rainbow-cartoon-characters-in-funny-children-doodle-style-friendly-community-or-kid-group-background-concept/461798371
https://stock.adobe.com/es/images/diverse-colorful-people-crowd-seamless-pattern-illustration-multi-color-rainbow-cartoon-characters-in-funny-children-doodle-style-friendly-community-or-kid-group-background-concept/461798371


Part II: varia2on in colour percep2on
(between genders/sexes ?):

• (poten6al) tetrachromats -♀ only
• ♀may have some “advantages” (green-yellow, green-blue)



Part II: variation in colour perception
between groups:

• much less well studied & understood

h4ps://www.noorimages.com/the-island-of-the-colorblind

~10% achromatopsia (rod 
monochromacy, genetics)
→ founder effect (1775)

https://www.noorimages.com/the-island-of-the-colorblind


Part II: varia2on in colour percep2on
between groups:

• much less well studied & understood

• abnormal red-green colour perception (genetics):
• for ♂ only: % “colour blind” males in the population
• 85 references (aka, published data)
• collected with the Ishihara test (Ishihara, 1917), anomaloscope (Patent No. US3382025A, 1968), Holmgren-Thomson 

wool test (Thomson, 1880), or the Hardy-Rand-Rittler pseudoisochromatic plate test (Hardy, Rand, & Rittler, 1954)
• 0.0% – 10.7%, mean 3.9%



Part II: varia2on in colour percep2on
between groups:



Part II: variation in colour perception
between groups:

• much less well studied & understood
• achromatopsia on Pingelap (gene6cs)
• abnormal red-green colour percep6on (gene6cs)
• lens brunescence (environment):



Part II: varia2on in colour percep2on
between groups:

• much less well studied & understood
• achromatopsia on Pingelap (genetics)
• abnormal red-green colour perception (genetics)
• lens brunescence (environment):

• based on a previous hypothesis
• UV(B) → eye physiology (lifetime)
• progressively reduced perception of blue

Lens brunescence

Normal colour vision

⇣ percep6on of blue



Part II: varia2on in colour percep2on
between species:

• human-like trichromatic vision is… WEIRD 

human Daphnia

honey bee buGerfly (Papilio xuthus)

bird  (Cyanistes caeruleus) man6s shrimp

h5ps://www.encyclopedie-environnement.org/en/zoom/evolu(on-of-colour-
vision-in-mammals-and-primates/

https://www.encyclopedie-environnement.org/en/zoom/evolution-of-colour-vision-in-mammals-and-primates/
https://www.encyclopedie-environnement.org/en/zoom/evolution-of-colour-vision-in-mammals-and-primates/


Part II: variation in colour perception
between species:

• human-like trichroma6c vision is… WEIRD 

Marshall, J., & Arikawa, K. (2014). Unconven(onal colour vision. Current Biology, 24(24), R1150–R1154. doi:10.1016/j.cub.2014.10.025

human Daphnia

honey bee buGerfly (Papilio xuthus)

bird  (Cyanistes caeruleus) mantis shrimp

h5ps://www.encyclopedie-environnement.org/en/zoom/evolu(on-of-colour-
vision-in-mammals-and-primates/

https://doi.org/10.1016/j.cub.2014.10.025
https://www.encyclopedie-environnement.org/en/zoom/evolution-of-colour-vision-in-mammals-and-primates/
https://www.encyclopedie-environnement.org/en/zoom/evolution-of-colour-vision-in-mammals-and-primates/


Part III: does it ma;er?

Lindsey, D. T., & Brown, A. M. (2021). Lexical Color Categories. Annual Review of Vision Science, 7(1), 605–631. doi:10.1146/annurev-vision-093019-112420

https://doi.org/10.1146/annurev-vision-093019-112420


Intermezzo: the colour lexicon
“Basic color terms” (BCTs; Berlin & Kay, 1969; Lindsey & Brown, 2021): 
- single (non-composite) “word” (no “reddish”)
- not contained in another term (no “scarlet”)
- common usage and general (no “blond”)

Munsell colour chart

Regier, T., Kay, P., & Khetarpal, N. (2007). Color Naming Reflects Op@mal 
Par@@ons of Color Space. PNAS, 104, 1436–1441. doi:10.1073/pnas.0610341104

The World Color Survey

Lindsey, D. T., & Brown, A. M. (2021). Lexical Color Categories. Annual Review 
of Vision Science, 7(1), 605–631. doi:10.1146/annurev-vision-093019-112420

Examples of BCTs

https://doi.org/10.1073/pnas.0610341104
https://www1.icsi.berkeley.edu/wcs/
https://doi.org/10.1146/annurev-vision-093019-112420


“Basic color terms” (BCTs; Berlin & Kay, 1969; Lindsey & Brown, 2021): 
- single (non-composite) “word” (no “reddish”)
- not contained in another term (no “scarlet”)
- common usage and general (no “blond”)

Munsell colour chart

Regier, T., Kay, P., & Khetarpal, N. (2007). Color Naming Reflects Optimal 
Partitions of Color Space. PNAS, 104, 1436–1441. doi:10.1073/pnas.0610341104

The World Color Survey

Lindsey, D. T., & Brown, A. M. (2021). Lexical Color Categories. Annual Review 
of Vision Science, 7(1), 605–631. doi:10.1146/annurev-vision-093019-112420

Examples of BCTs

“Evolu.on” of BCTs
Berlin B, Kay P. 1969. Basic Color Terms: Their Universality and Evolu@on. Berkeley: Univ. Calif. Press (Lindsey & Brown, 2021)

→ “universality” wrt the loca6on of the focal colours (the “centres”)
→ varia6on in their number & boundaries
→ “universal” evolu6onary sequence 

Intermezzo: the colour lexicon

https://doi.org/10.1073/pnas.0610341104
https://www1.icsi.berkeley.edu/wcs/
https://doi.org/10.1146/annurev-vision-093019-112420


Intermezzo: the colour lexicon
beyond BCTs: 
- “colour categories of English speakers”
- 600 colour stimuli
- 20,000 free names
- 1,000 participants
- http://colournaming.org

nu
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http://colournaming.org/


Part III: does it ma;er?
case study: UV(B) → lens brunescence → colour vocabulary

Lens brunescence

Normal color vision

Worse perception 
of blue colours?

No specific term for blue
in the colour vocabulary

The CULTURE ? 

(exposure to colour dyeing 
techniques, coloured artefacts…)

The ENVIRONMENT ? 

grue



Part III: does it matter?
case study: UV(B) → lens brunescence → colour vocabulary

← 142 POPULATIONS (32 families)

834 POPULATIONS (155 families) →

Meeussen, E. (2015).
• dicConaries
• wordlists
• Brown & Lindsey (2004)

+

• dicConaries 
• wordlists
• experts
• CLICS + Lexibank
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in general:
- how does the cross-linguisFc variaFon in the color lexicon emerge?
- and does the variaFon in color percepFon influence it?



Part III: does it ma;er?
in general:
- how does the cross-linguistic variation in the color lexicon emerge?
- and does the variation in color perception influence it?

- computer (agent-based) models
- “normal” & “anomalous” agents (popula&on heterogeneity)
- perceptual distance (color space heterogeenity)

→ symmetry breaking → color categories



Part III: does it ma;er?
in general:
- how does the cross-linguistic variation in the color lexicon emerge?
- and does the variation in color perception influence it?

informa.on theory (Shannon):
- not clear how to include inter-

individual varia.on?
- between-popula.on varia.on

trade-off parameter

informa@on bo4leneck 
objec@ve func@on



Part III: does it ma;er?
in general:
- how does the cross-linguistic variation in the color lexicon emerge?
- and does the variation in color perception influence it?

Diversity rules: the influence of a minority on language change

(EvoLang2024 & in preparation)

Mathilde Josserand1*, François Pellegrino1 , Dan Dediu2,3,4, & Limor Raviv5

1 Laboratoire Dynamique du Langage, Université Lyon 2 - CNRS UMR 5596, Lyon, France
2 Department of Catalan Philology and General Linguistics, University of Barcelona, Barcelona, Spain
3 University of Barcelona Institute for Complex Systems (UBICS), Barcelona, Spain
4 Catalan Institute for Research and Advanced Studies (ICREA), Barcelona, Spain
5 Max Planck Institute for Psycholinguistics, Nijmegen, The Netherlands



Conclusions: the colour manifesto!
color is a (nearly) perfect case study because:

- mapping of a continuous (ℝ1) space → discrete (finite small) vocabulary

- genetics, anatomy, physiology, neurocognition: decently understood

- lots of (multidimensional, subtle > massive) inter-individual variation

- understudied (but presumably pervasive) between-group variation

- patterned within- and between-languages diversity 

- decent amouns of data (WCS, English-language naming…)

- good models…

h4ps://openart.ai/home

https://openart.ai/home

