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Jak to się dzieje że gdy mówimy “zielony” rozumiemy 
“zielony”, i czy tak jest do końca…

• Natywizm Chomsky &Fodor  
Struktura - ogólny konstrukt - języka jest wrodzona. Zbiór kategorii 
językowych - zarówno pojęć jak i gramatyk jest współdzielony przez 
wszystkich ludzi od urodzenia. Uczenie się języka polega na wypełnianiu 
aktualnymi formami językowymi struktur uprzednio istniejących &

• Empirycyzm  
Mechanizm nabywania języka jest współdzielony przez społeczności, 
jednak samo kształtowanie się jego struktur jest odbiciem otaczającej nas 
rzeczywistości. Funkcjonalizm.&

• Kulturalizm  
Poza językotwórczm oddziaływaniem środowiska silny wpływ na strukurę 
języka i zbiór pojęć ma konsensus kulturowy. Przejmujemy od otaczających 
nas ludzi strukturę języka.



Pomiary WCS 
World Color Survey, Berlin & Kay 1969 

Berlin, Brent and Paul Kay. Basic Color Terms: Their Universality and Evolution. 
Berkeley and Los Angeles. University of California Press, 1969.

• Badano przyporządkowanie nazwy barwy do pól 
palety Munsella&

• wykorzystano przestrzeń barw CIE L*a*b

2

The World Color Survey [WCS] is a research project that was undertaken to validate, invalidate or – most likely –

modify the main findings of Berlin and Kay (1969) [B&K]: (1) that there exist universal cross-linguistic constraints on color

naming, and (2) that basic color terminology systems tend to develop in a partially fixed order.  To this end, the WCS collected

color naming data from speakers of 110 unwritten languages.  The data have recently been compiled into a unified data

archive, available online at http://www.icsi.berkeley.edu/wcs/data.html.  In this chapter, we review the history of the WCS,

including the creation of the online data archive, and describe our recent use of the archive to test the universality of color

naming across languages.

The WCS: History and Methodology

The WCS was begun in 1976 to check and expand the findings of B&K in a full-scale field study.  B&K had

investigated the color terminology systems of twenty languages in the following way.  The stimulus array used by Lenneberg

and Roberts (1956), consisting of 320 Munsell chips of 40 equally spaced hues and eight levels of lightness (Value) at

maximum saturation (Chroma) for each (Hue, Value) pair, was supplemented by nine Munsell achromatic chips (black through

gray to white) – the resulting stimulus array is shown in Figure 1a2.  First, without the stimulus array present, the major color

terms of the collaborator’s native language were elicited by questioning that was designed to find the smallest number of

simple words with which the speaker could name any color (basic color terms)3.  Once this set of basic color terms was

established, the collaborator was asked to perform two tasks. In the naming task the stimulus array was placed before the

speaker and for each color term t, a piece of clear acetate was placed over the stimulus board and the collaborator was asked to

indicate, with a grease pencil on the acetate sheet, all the chips that he or she could call t.  In the focus task the stimulus array

was shown as before and the collaborator was asked to indicate the best example(s) of t for each basic color term t.  The

boundaries of categories showed great variability, perhaps because of the vagueness of the instruction of the naming task:

probably some subjects took the instruction to call for all the chips that were more t than anything else, while others appear to

have taken it to call for all chips in which any trace of t was visible.4  The focal choices of the B&K subjects were much more

clustered and led to the conclusion that

... [1] the referents for the basic color terms of all languages appear to be drawn from a set of eleven

universal perceptual categories, and [2] these categories become encoded in the history of a given language

in a partially fixed order (Berlin and Kay 1969: 4f).5

Figure 1a.  The WCS stimulus array.

In retrospect, the B&K study – only twenty languages directly assessed with calibrated color stimuli and all the work

done in the San Francisco Bay Area – can be viewed as a pilot project for the WCS.6   The B&K results were immediately

                                                            

2 Actually, Figure 1a shows the very slightly modified stimulus palette used in the WCS.  The B&K stimulus array lacked

achromatic chip A0.
3 For a review of the B&K basicness criteria, as well as of the notion of basic color terms in B&K and other literature, see

Maffi (1990).
4 MacLaury later demonstrated that speakers can often be induced to increase the number of chips they will indicate as

belonging to a given term simply by asking them if there are “any more,” and frequently speakers increase the size of a named

category several times in response to this “mapping” task (MacLaury 1997: 77-84 et passim).
5 B&K extended their findings on the twenty languages assessed experimentally to another seventy-eight reports of color

terminology systems they found in the literature.

• zbadano 110 niepiśmiennych kultur z całego świata.



Przykład: Yaminahua



Jak odpowiadali poszczególni badani?

Chavacano Philippines (WCS 24) Iduna Papua New Guinea (WCS 47)

❖ Nie każdy z badanych tak 
samo dzieli przestrzeń kolorów#

❖ Istnieje jednak duży stopień 
uwspólnienienia nazw…



Mc = 0.2 Mc = 0.84

Iduna Papua New Guinea (WCS 47)  
kategoryzacja uwspólniona

Na podstawie udziału mody, można utworzyć tzw. mapę 
kongruencji. W ten sposób otrzymujemy zredukowaną 

reprezentację danych.



Jakie były całościowe wnioski z badań? 
World Color Survey, Berlin & Kay 1969 

Berlin, Brent and Paul Kay. Basic Color Terms: Their Universality and Evolution. 
Berkeley and Los Angeles. University of California Press, 1969.

• pokazano hierahiczność w słownikach pomiędzy 
poszczególnymi  językami,&

• argumentacja na rzecz koncepcji 
uniwersalistycznej&

All languages contain terms for black and white.!
If a language contains three terms, then it also contains a term for red.!
If a language contains four terms, then it also contains a term for either green or yellow (but not 
both).!
If a language contains five terms, then it contains terms for both green and yellow.!
If a language contains six terms, then it also contains a term for blue.!
If a language contains seven terms, then it also contains a term for brown.!
If a language contains eight or more terms, then it contains a term for purple, pink, orange, and/or 
grey.



Argumenty na rzecz Uniwersalizmu

gloss (the false-color hue of the element) to name the corre-
sponding color sample in the WCS chart. A striking feature of
these concordance maps is the distinct (light) regions of high
concordance (near 1.0), separated by well-defined boundary
regions (dark) of low concordance (!50%). The main types of
concordance map are evident by K " 3–6 clusters, and these
types persist with systematic but incremental variation out to at
least K " 15 clusters (maps for K " 1–15 shown in Fig. S1). All
of the maps display a dominant RED region, and most display
a clear YELLOW-OR-ORANGE region, but they vary notably
in the partition of the cool region of the WCS chart (corre-
sponding to the English terms ‘‘green,’’ ‘‘blue,’’ and ‘‘purple’’).

We use the term ‘‘motif’’ to denote the patterns of color term
vocabulary and usage illustrated by these concordance maps. We
chose this term to convey the notion that our analysis revealed
recurring patterns of color naming that repeated, with individual
variation, throughout the WCS dataset, much as an element
might be repeated, perhaps with variation, throughout a musical,
literary, or artistic work.

The structure of these motifs is clearly reminiscent of the

‘‘stages’’ of color term evolution proposed by Kay and colleagues
(1, 6, 7), although several motifs have no perfect counterpart in
those stages. For example, at K " 4, {BLACK/WHITE/RED}
(hereafter, the Dark motif) is similar to Stage II in both Berlin
and Kay (1) and Kay and Maffi (7). However, also at K " 4, the
{BLACK/WHITE/RED/YELLOW/GRAY} motif (the Gray
motif) does not correspond exactly to any of the stages but is a
candidate for Kay and Maffi’s (7) Stage IIIa, if we are willing to
allow GRAY to correspond to their BLACK. The K " 4
{BLACK/WHITE/RED/YELLOW/GRUE} motif (the Grue
motif) corresponds closely to Stage IV of Berlin and Kay (1) and
Stage IVb of Kay and Maffi (7). However, that motif bifurcates
at K " 5, adding a {BLACK/WHITE/RED/YELLOW/GRUE/
PURPLE} motif that does not correspond to any of the stages
of Kay and colleagues, as far as we know. At K " 4, the
{BLACK/WHITE/RED/YELLOW/GREEN/BLUE/PUR-
PLE} (the ‘‘GBP’’ motif) corresponds reasonably well to Berlin
and Kay’s (1) Stage VI. Other correspondences and differences
between our motifs and the stages from Kay and colleagues are
marked in Fig. 1C. It is important to note that the layout within

WHITE               GRAY                  BLACK

A

C

Achromatic

PINK                   PURPLE             BROWN            GRUE

RED                    GREEN          YELLOW/ORANGE           BLUE

B Chromatic

Dark (II)

Gray [IIIa?]

Grue (IV) [IVb]

GBP (VI) (VI)

(V)

(IVb)

(?)

 [IIIa?]

(IV)

 K = 1 2 9876543

 [IIIb?]

Fig. 1. Glossary and motifs in the WCS. (A) The WCS color chart, arranged according to Munsell hue (horizontal) and value (vertical), with 10 neutral samples
(leftmost column). (B) Concordance maps of the 11 color terms, in false color, with the color terms used in this paper. (C) Concordance maps of the color-naming
systems (motifs). Columns indicate solutions for K clusters (K " 1 is the whole dataset). Titles are motif names. Roman numerals indicate corresponding stages
from Berlin and Kay (parentheses) or Kay and Maffi (brackets). At K " 4 (concordance maps enlarged for clarity), 614 informants used the Green/Blue motif, 1,063
used the Grue motif, 313 used the Gray motif, and 377 informants used the Dark motif.

19786 ! www.pnas.org"cgi"doi"10.1073"pnas.0910981106 Lindsey and Brown

1. Lindsey DT, Brown AM. World Color Survey color naming reveals universal motifs and their within-language 
diversity. Proceedings of the National Academy of Sciences of the United States of America. 2009;106(47):19785-90.

• wykonano różne analizy tych danych. Np.  klastrowanie badanych 
osób w całym zespole badanych.  



Argumenty na rzecz Uniwersalizmu

1. Lindsey DT, Brown AM. World Color Survey color naming reveals universal motifs and their within-language 
diversity. Proceedings of the National Academy of Sciences of the United States of America. 2009;106(47):19785-90.

• motywy w nazewnictiwie kolorów grupują osoby z 
różnych, niespokrewnionych grup językowych. &

• w większości języków istnieją podstawowe motywy 
nazewnictwa kolorów GBP, Grue, Grey, Dark. 

which the various motifs appear in Fig. 1C is a purely statistical
hierarchy of associations, and it should not be construed as a
temporal hierarchy of color term evolution.

How Many Motifs? It is clear from inspection of Fig. 1C that most
of the variation in color naming among WCS informants is
captured in the motifs obtained for K ! 3–6, which suggests that
there are only about three to six motifs in the WCS. Three lines
of quantitative analysis support this conclusion (see Methods).
First, we used Gap Statistic analysis (9), which compared the
degree of clustering in the WCS dataset to that in a represen-
tative sample of simulated uniform reference datasets. The Gap
Statistic indicated that K ! 3 is the optimal number of clusters.
Second, we calculated the degree of clustering within our motifs
by using the C-index, which was derived from a comparison of
within- vs. between-cluster similarities as K was varied. The
C-index suggested that K ! 4 is optimal. Finally, we compared
within-cluster pairwise agreement among WCS informants. For
K ! 6, there was, on average, greater agreement among informants
within K-means clusters (concordance ! 0.55) than there was
within the natural languages of the WCS (concordance ! 0.53).

Although our three analyses suggested slightly different op-
timum values of K, they all indicated that most of the variance
in the WCS could be accounted for by only a few canonical
color-naming motifs. Our analysis does not refute the existence
of other distinct but minority motifs. Indeed, the concordance
maps at higher values of K (Fig. 1C) reveal higher-order motifs
that are reminiscent of other stages proposed by Kay and
collaborators (1, 6, 7). However, these motifs are relatively rare
and require a value of K that is larger than our analyses suggest.

Universality Across, Diversity Within Languages. Our K-means anal-
ysis reveals only three to six motifs, many fewer motifs than there
are languages in the WCS. Therefore, each motif is widespread
and is observed in many linguistically unrelated languages (Fig.
2B). In this sense, the motifs are universal, and they challenge us
to understand what universal processes underlie their structure.
The small number of statistically significant motifs, which occur
in unrelated languages, leads us to seek an explanation for their
structures that stresses universal neurobiological, cognitive, or
linguistic processes. Although there has been notable progress

GBPGrueDark Gray Excluded

1-5 6 363126211611 514641 56 868176716661 1019691 106
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Grue/Purple
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GBP

Grue

Dark

Gray

86.  Shipibo, Peru 88.  Slavé, Canada 103.  Walpiri, Australia43.  Gunu, CameroonB

Fig. 2. Within-language diversity in color naming. (A) Diversity in 110 WCS languages. Each pie chart represents one WCS language (numbers at the top). The
wedges within pie charts are the proportion of informants assigned to each motif at K ! 4 (color codes on the top correspond to the enlarged clusters in Fig.
1C). Excluded informants named fewer than 320 of the 330 color samples. (B) Examples of WCS data from four languages; language numbers from A. The top
two rows are the two K ! 6 branches of the GBP (Green!Blue!Purple) motif; the second two rows are the two K ! 5 branches of the Grue motif, both of which
are united as single motifs at K ! 4. False colors indicate glossed color terms (Fig. 1B). Notice the similarity among speakers from different continents (rows) and
the diversity among speakers of each language (columns).

Lindsey and Brown PNAS ! November 24, 2009 ! vol. 106 ! no. 47 ! 19787
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Wygląd motywów w wybranych 
językach

1. Lindsey DT, Brown AM. World Color Survey color naming reveals universal motifs and their within-language 
diversity. Proceedings of the National Academy of Sciences of the United States of America. 2009;106(47):19785-90.

which the various motifs appear in Fig. 1C is a purely statistical
hierarchy of associations, and it should not be construed as a
temporal hierarchy of color term evolution.

How Many Motifs? It is clear from inspection of Fig. 1C that most
of the variation in color naming among WCS informants is
captured in the motifs obtained for K ! 3–6, which suggests that
there are only about three to six motifs in the WCS. Three lines
of quantitative analysis support this conclusion (see Methods).
First, we used Gap Statistic analysis (9), which compared the
degree of clustering in the WCS dataset to that in a represen-
tative sample of simulated uniform reference datasets. The Gap
Statistic indicated that K ! 3 is the optimal number of clusters.
Second, we calculated the degree of clustering within our motifs
by using the C-index, which was derived from a comparison of
within- vs. between-cluster similarities as K was varied. The
C-index suggested that K ! 4 is optimal. Finally, we compared
within-cluster pairwise agreement among WCS informants. For
K ! 6, there was, on average, greater agreement among informants
within K-means clusters (concordance ! 0.55) than there was
within the natural languages of the WCS (concordance ! 0.53).

Although our three analyses suggested slightly different op-
timum values of K, they all indicated that most of the variance
in the WCS could be accounted for by only a few canonical
color-naming motifs. Our analysis does not refute the existence
of other distinct but minority motifs. Indeed, the concordance
maps at higher values of K (Fig. 1C) reveal higher-order motifs
that are reminiscent of other stages proposed by Kay and
collaborators (1, 6, 7). However, these motifs are relatively rare
and require a value of K that is larger than our analyses suggest.

Universality Across, Diversity Within Languages. Our K-means anal-
ysis reveals only three to six motifs, many fewer motifs than there
are languages in the WCS. Therefore, each motif is widespread
and is observed in many linguistically unrelated languages (Fig.
2B). In this sense, the motifs are universal, and they challenge us
to understand what universal processes underlie their structure.
The small number of statistically significant motifs, which occur
in unrelated languages, leads us to seek an explanation for their
structures that stresses universal neurobiological, cognitive, or
linguistic processes. Although there has been notable progress
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Fig. 2. Within-language diversity in color naming. (A) Diversity in 110 WCS languages. Each pie chart represents one WCS language (numbers at the top). The
wedges within pie charts are the proportion of informants assigned to each motif at K ! 4 (color codes on the top correspond to the enlarged clusters in Fig.
1C). Excluded informants named fewer than 320 of the 330 color samples. (B) Examples of WCS data from four languages; language numbers from A. The top
two rows are the two K ! 6 branches of the GBP (Green!Blue!Purple) motif; the second two rows are the two K ! 5 branches of the Grue motif, both of which
are united as single motifs at K ! 4. False colors indicate glossed color terms (Fig. 1B). Notice the similarity among speakers from different continents (rows) and
the diversity among speakers of each language (columns).
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Modelowanie 
powstawania kategorii w przestrzeni barw i 

 przypisania nazwy do danej kategorii. 

• Spektrum oraz intesywność barw prezentowana 
jest poprzez 1269 (lub 330) kostek Munsella&

• transformacja bodźca S(λ) ➡ {L,a,b}&

•  jednostki centrujące (reactive units)

z j (x) = e
−
1
2

xi −mij

σ
⎛
⎝⎜

⎞
⎠⎟

2

i=1

N

∑

1. Puglisi A, Baronchelli A, Loreto V. Cultural route to the emergence of linguistic categories. Proceedings of the 
National Academy of Sciences of the United States of America. 2008;105(23):7936-40. 	

2. Luc Steels, Tony Belpaeme Coordinating perceptually grounded categories through language: A case study for colour	

Behavioral and Brain Sciences, Vol. 28, No. 4. (2005), pp. 469-489.  

http://www.citeulike.org/group/1788/author/Steels:L
http://www.citeulike.org/group/1788/author/Belpaeme:T


Kategoryzacja bodźca

• kategoria koloru jest zdefiniowana przez sieć 
adaptacyjną&

!

• każdy agent posiada zbiór kategorii i wybiera 
kategorię najmocniej odpowiadającą na bodziec - 
argmax(y(x)) w trakcie gry w dyskryminację. 

yk (x) = wjz j (x)
j=1

J

∑



perceptrony poznawcze: 

1. Puglisi A, Baronchelli A, Loreto V. Cultural route to the emergence of linguistic categories. Proceedings of the 
National Academy of Sciences of the United States of America. 2008;105(23):7936-40. 	

2. Luc Steels, Tony Belpaeme Coordinating perceptually grounded categories through language: A case study for colour	

Behavioral and Brain Sciences, Vol. 28, No. 4. (2005), pp. 469-489.  

http://www.citeulike.org/group/1788/author/Steels:L
http://www.citeulike.org/group/1788/author/Belpaeme:T


Gra w dyskryminację

• opisuje funkcjonalizm środowiskowy &

• algorytm:&

• prezentacja kontekstu O = {o1,…,oN} wraz z próbką wyróżnioną.&

• wybór najsilniej odpowiadającej kategorii cs0= argmax(yc)&

• sukces dyskryminacyjny jeśli: &

• istnieje kategoria zwracająca najwyższą wartość dla próbki 
wyróżnionej  (jeśli nie - modyfikacja kategorii)&

• żadna inna próbka w kontekście nie ma równie wysokiego wyniku 



Gra w zgadywanie 1 
 proces uzgadniania przestrzeni nazw w populacji

• opisuje wpływ kulturowy i środowiskowy,  
występują: mówca i słuchacz&

• algorytm:&

• prezentacja kontekstu O = {o1,…,oN} mówcy i słuchaczowi&

• prezentacja próbki wyróżnionej mówcy&

• mówca gra w grę dyskryminacyjną - jeśli gra odnosi sukces - 
kontynuacja, w innym przypadku gra w zgadywanie jest przerywana&

• w przypadku sukcesu wybrana zostaje kategoria zwycięska cs



Gra w zgadywanie 11

• mówca próbuje przypisać kategorię zwycięską cs do słowa z leksykonu 
- jeśli istniej słowo (najmocniej) związane z kategorią cs jest ono 
wybierane 
- jeśli takiego słowa nie ma - tworzone jest ze zbioru predefiniowanych 
sylab.&

• słowo przekazywane jest słuchaczowi&

• jeśli słuchacz nie znajduje przekazanego słowa w swoim leskykonie to: 
- jest informowany przez mówcę która próbka jest próbką wyróżnioną  
- gra w grę dyskryminacyjną (z tym samym kontekstem i próbką 
wyróżnioną co mówca na początku gry w zgadywanie) 
- jeśli gra w dyskryminację kończy się sukcesem - przypisuje słowo 
usłyszane od mówcy do kategorii wygranej 
- jeśli nie: nowa kategoria jest tworzona i przypisywane jest do niej 
słowo – w obrębie informacji prywatnych słuchacza



Gra w zgadywanie 111

!

• jeśli słuchacz posiada słowo usłyszane od mówcy w swoim leksykonie 
to:  
– szuka kategorii w swoim leksykonie związanej z usłyszanym słowem  
i identyfikuje główną próbkę odpowiadającą tej kategorii ( argmax ) 
– wskazuje mówcy tą próbkę&

• mówca porównuje próbki: wybraną przez siebie na początku gry i tą 
prezentowaną w tej chwili przez słuchacza  
- jeśli się zgadzają gra kończy się sukcesem 
- jeśli nie: mówca prezentuje swoją próbkę wyróżnioną słuchaczowi, 
a słuchacz wykonuje operacje zaznaczone na zielono



Miary monitorujące eksperyment numeryczny: 

• sukces dyskryminacyjny dla  
poszczególnego agenta:&

• sukces dyskryminacyjny na  
poziomie populacji.  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Czy można zbadać wpływ środowiska?

eg. Boreal Forest

❖ Following the World Wildlife Fund (Olson at al. 2001) we have applied the environment type 
categorisation based on biomes.   #

❖ The WWF has determined 14 biomes regarding climate, fauna, flora, landscape, habitat, 
biodiversity and human activity, 110 cultures fall into subset of 7 biomes (1,2,3,4,6,7,13).  #

❖ Collection of the pictures with unambiguous assignment to a biome was used as the data set, 
based on which the so called biome regions - in the colour space - were determined. 



Jak częstość kolorów występujących w środowisku determinuje 
system kategoryzacji barw? 

?



co mówią nam mapy kongruencji z nałożonym na nie wzorcem 
częstotliwości bodźców?

Iduna Papua New Guinea  

We see that the region of  high congruence #
in naming is free from frequent environmental #

stimuli, which are rather surrounding the plateau.  



Iduna Papua New Guinea (WCS 47)

!

❖ There is a good agreement amongst individuals (often just one colour name) 
in the central region of the patch (the region of high congruence in naming)#

❖ Regions of high stimuli frequency are grouped at the border regions of the 
patches.  



Chavacano Philippines (WCS 24)

!

❖ Population uses the diversity of words for frequently present stimuli. But - 
they do not add new words to the vocabulary, they rather adapt the collective 
categorisation system to the frequency map of the environmental stimuli. #



Seri Mexico (WCS 85)



Methodological remarks
❖ not all cultures have patches: 1 (yellow) 2 (green) 3 (blue) or 4 (grue).  

E.g. Campa Peru, Ejagam Nigeria.

Campa Peru Ejagam Nigeria

❖ 64 cultures having at least one of them were chosen. 


