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COLOR PERCEPTION AND TH E MEANINGS OF COLOR WORDS 

Paul Kay 
Universit y o f  California ,  Berkele y 

The relatio n betwee n perceptio n an d meanin g i s 
har d t o trac e i n an y domain .  I  hav e bee n aske d toda y 
t o discus s th e problem s o f  identifyin g suc h connec -
tion s i n th e domai n o f  color .  Colo r  i s a n are a i n 
whic h ou r  ignoranc e regardin g th e relatio n o f  percep -
tio n an d linguisti c meanin g i s les s tha n total ; 
nonetheles s yo u wil l  no t  b e surprise d t o lear n tha t 
here ,  a s elsewhere ,  ther e ar e mor e question s tha n 
answers .  I n th e tim e availabl e I  wil l  b e abl e t o d o 
no mor e tha n sketc h on e vie w o f  th e matte r  an d s o wil l 
probabl y presen t  a  cleare r  pictur e tha n i s i n fac t 
warrante d b y curren t  knowledge .  I n particula r  ther e 
wil l  b e littl e tim e t o discus s th e detaile d empirica l 
evidenc e tha t  support s thi s vie w an d n o tim e t o 
discus s alternativ e views. ^ 

I will begin by describing in lamentably over-
simplifie d term s certai n structure s i n th e huma n 
visua l  syste m tha t  giv e ris e t o th e sensatio n o f 
color .  We wil l  the n se e ho w thes e aspect s o f  visua l 
physiolog y ca n hel p u s understan d independen t  finding s 
regardin g th e meaning s o f  word s fo r  colo r  i n th e 
world' s languages .  I n particular ,  startin g fro m th e 
simpl e arithmeti c o f  differentia l  firin g rate s o f 
certai n individua l  type s o f  cell s i n th e visua l 
system ,  w e ar e abl e t o buil d a  mode l  o f  th e perceptua l 
categorizatio n o f  colo r  tha t  explain s a  goo d dea l  bot h 
abou t  cross-linguisticall y universa l  feature s i n colo r 
namin g an d abou t  dimension s o f  differenc e amon g th e 
classification s o f  colo r  foun d i n th e language s o f  th e 
world .  Finall y w e wil l  se e ho w thi s mode l  organize s 
certai n systemati c observation s tha t  hav e bee n mad e 
regardin g regularitie s i n th e tempora l  evolutio n o f 
th e colo r  classificatio n system s o f  th e world' s 
languages . 

Aspects of the Neurophysiology of Color Perception 

It is widely known that the retina contains three 
kind s o f  colo r  receptors ,  i.e. ,  cones .  I t  i s  perhap s 
les s generall y know n tha t  a t  post-retina l  bu t  stil l 
periphera l  level s o f  neura l  processing ,  informatio n 
regardin g dominant  wavelength ,  o r  hue ,  i s recode d fro m 
thi s three-channe l  syste m int o a  four-channe l  system , 
yieldin g th e fou r  fundamenta l  hu e sensations ,  blue , 
green ,  yellow ,  an d red .  I n 192 0 Ewal d Herin g (1968 ) 
postulated ,  o n th e basi s o f  primaril y introspectiv e 
evidence ,  tha t  suc h a  syste m mus t  exist .  Herin g note d 
furthe r  tha t  subjectivel y ther e i s n o suc h thin g a s a 
mixtur e o f  gree n an d re d no r  o f  blu e an d yellow--tr y 
t o imagin e wha t  on e coul d possibl y mea n b y th e locu -
tion s ' a reddis h green '  o r  ' a bluis h yellow' .  H e 
therefor e suppose d tha t  ther e mus t  exis t  wha t  h e 
calle d tw o 'opponen t  processes '  i n th e visua l  system , 
one re d vs .  gree n proces s an d on e yello w vs .  blu e 
process .  A t  a  give n moment ,  eac h proces s ha s t o b e 
i n exactl y on e o f  it s  name d states ;  fo r  example ,  a t  a 
certai n tim e th e red-gree n proces s migh t  b e i n th e re d 
stat e an d th e yellow-blu e proces s i n th e yello w state : 
thi s pairin g o f  state s woul d giv e ris e t o th e sensa -
tio n o f  orange .  I f  on e admit s continuit y t o th e mode l 
by allowin g eac h o f  th e fou r  opponent  state s t o 
operat e a t  varyin g strengths ,  th e relativ e strength s 
of  th e tw o state s operativ e a t  a  give n moment  wil l 
determin e th e precis e shad e tha t  i s subjectivel y 
experienced .  I n ou r  example ,  th e relativ e strength s 
of  th e re d an d yello w state s wil l  determin e whethe r  a 
reddis h orange ,  a  yellowis h orange ,  o r  a  relativel y 
balance d o r  pur e orang e i s experienced . 

Despit e th e superiorit y o f  th e Herin g mode l  ove r 
it s competitor s i n explainin g thes e an d man y othe r 
aspect s o f  th e subjectiv e experienc e o f  color ,  i t 
neve r  gaine d genera l  acceptanc e unti l  Russel l  D e 
Valoi s an d hi s associates ,  a s recentl y a s th e lat e 
1960s ,  isolate d th e anatomica l  structure s tha t 
accomplis h th e opponent-proces s functio n an d monitore d 
thi s functio n i n th e livin g organism .  Afte r  a  serie s 
of  preliminar y experiments ,  whic h establishe d tha t  th e 
visua l  syste m o f  th e macaqu e monke y i s lik e man' s i n 
al l  relevan t  respects ,  D e Valoi s an d hi s co-worker s 
inserte d micro-electrode s int o individua l  cell s i n th e 
Latera l  Geniculat e Nuclei i  o f  liv e macaque s an d 
recorde d th e rate s o f  firin g o f  thes e cell s whil e th e 
animals '  eye s wer e expose d t o ligh t  o f  systematicall y 
varyin g wavelength s an d intensities .  I t  wa s foun d 
tha t  L6 N cell s coul d b e thu s classifie d int o si x 
types ,  tw o o f  whic h wer e primaril y sensitiv e t o 
overal l  luminosit y o r  brightness ,  an d fou r  o f  whic h 
wer e primaril y sensitiv e t o dominan t  wavelengt h o r  hue . 

The latter four types constitute the opponent 
proces s system .  Eac h o f  thes e opponen t  cell s ha s a 
spontaneou s o r  basa l  rat e o f  firin g (o r  abou t  6  spike s 
per  second) :  thi s rat e increase s o r  decrease s depend -
in g o n th e wavelengt h o f  stimulatin g ligh t  accordin g 
t o th e fou r  pattern s show n i n Figur e 1 . 

Inspection of Figure 1 reveals that types of cell 
A an d C  for m a  pai r  i n havin g th e sam e crossove r  poin t 
betwee n advance d an d retarde d rat e o f  firin g a t  abou t 
605n m an d als o i n havin g mirro r  imag e maxim a an d 
minim a o f  firin g rat e a t  abou t  540n m an d 64 0 nm. 
Cell s o f  type s A  an d C  togethe r  constitut e Hering' s 
postulate d red-gree n process :  considerin g al l  cell s 
of  type s A  an d C  a t  once ,  w e may tak e th e su m o f  th e 
absolut e deviation s fro m th e basa l  rat e o f  firin g i n 
th e lon g wavelengt h region ,  tha t  i s  abov e th e cross -
ove r  point ,  a s signalin g th e strengt h o f  th e re d 
response .  Similarly ,  th e tota l  absolut e deviatio n 
fro m th e basa l  firin g rat e belo w th e crossove r  poin t 
represent s th e strengt h o f  th e gree n response .  I n 
analogou s fashio n th e typ e B  an d D  cell s togethe r 
constitut e th e yellow-blu e opponen t  process :  th e su m 
of  absolut e deviation s abov e th e crossove r  poin t  i s 
th e tota l  amoun t  o f  yello w informatio n o r  equivalentl y 
th e strengt h o f  th e yello w response ,  whil e belo w th e 
crossove r  poin t  th e su m o f  absolut e deviation s repre -
sent s th e tota l  blu e response .  Not e tha t  i n a  give n 
stimulu s condition ,  eac h opponen t  proces s mus t  b e i n 
eithe r  on e stat e o r  th e othe r  dependin g whethe r  th e 
wavelengt h o f  th e stimulu s i s abov e o r  belo w th e 
crossove r  poin t  fo r  tha t  pai r  o f  type s o f  cells . 
At a given wavelength there are thus two families 
of  possibilities .  (1 )  I f  th e visibl e wavelengt h i s a t 
one o f  th e cross-ove r  points ,  the n on e o f  th e opponen t 
system s i s inert ,  e.g .  a t  abou t  605n m th e macaque' s 
red-gree n syste m i s quiescent ;  a t  thi s poin t  al l  hu e 
informatio n i s carrie d b y th e yellow-blu e channel , 
whic h i s i n th e yello w (longe r  wavelength )  state ;  thi s 
i s calle d th e yello w uniqu e hu e point ;  al l  th e organ -
is m see s a t  thi s wavelengt h i s pur e yellow .  Th e blue , 
green ,  an d re d uniqu e hu e point s ar e define d i n th e 
same way .  (2 )  I f  th e stimulu s wavelengt h i s no t  a t  a 
uniqu e hu e point ,  the n exactl y tw o o f  th e fou r  funda -
menta l  hu e state s ar e operativ e an d th e relativ e 
strength s o f  thes e tw o state s determin e th e precis e 
shad e o f  perceive d hue ;  fo r  exampl e i n th e regio n 
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FiCLRf  i.Sourc e D e Valoi s c t  a l  l')5 6 972-73 .  Fig s 9-12) .  Not e Horizonu l  doite d line s 
indicai c mean hnsa l  respons e rat e fo r  eac h cel l  type . 

betwee n th e ye l lo w an d gree n uniqu e hu e point s th e 
gree n stat e o f  th e red-gree n syste m an d th e ye l lo w 
stat e o f  th e yel low-blu e syste m ar e opera t ive ;  th e 
relat iv e strength s o f  thes e respons e state s determin e 
whethe r  a  yel lowis h g reen ,  a  greenis h ye l low ,  o r  a 
per fect l y balance d chartreus e o r  lim e i s perceived . 

One may, in sum, model this system as having 
quant i ta t iv e output s i n fou r  channe ls ,  RED ,  YELLOW, 
GREEN,  BLUE ,  wher e a t  a  give n instan t  ther e ar e non -
zer o output s i n ei the r  (1 )  a  singl e channe l  o r  (2 )  tw o 
adjacen t  channel s (considerin g re d an d blu e a s als o 
ad jacen t ) .  Fro m psycho-physica l  dat a Woote n (1970 ) 
ha s est imate d th e curve s fo r  human s comparabl e t o 
thos e o f  r igur e 1 .  Usin g thes e curve s (no t  show n 
here )  i t  i s  a  straightforwar d mat te r  t o calculat e fo r 
eac h channe l  o f  fundamenta l  hu e respons e (RED ,  YELLOW, 
GREEN,  BLUE )  th e proport io n o f  tota l  hu e respons e i n 
tha t  channe l  fo r  eac h wavelengt h o f  v is ib l e l ight . 
Curve s represent in g thes e calculat ion s ar e show n i n 
Figur e 2 .  Bein g propor t ions ,  thes e funct ion s neces -
sari l y  hav e ordinate s varyin g fro m zer o t o unit y 
acros s th e spectrum .  I t  i s  therefor e natura l  t o 
interpre t  the m a s fuzz y se ts ,  whic h interpretat io n i s 
ref lecte d b y th e ordinat e o f  Figur e 2  bein g labelle d 
"Degre e o f  Membersh io" . 

So fa r  w e hav e talke d onl y abou t  type s o f  neura l 
ce l l s ,  thei r  rate s o f  f i r ing ,  an d certai n function s 
compose d o f  th e f ir in g rate s o f  differen t  classe s o f 
ce l l s ,  bu t  w e hav e sai d nothin g abou t  th e meaning s o f 
an y word s i n natura l  languages .  We ar e no w prepare d 
t o mak e th e initia l  connect ion :  th e curve s labelle d 
BLUE,  GREEN,  YELLOW,  an d RE D i n Figur e 2  represen t  a t 
on e an d th e sam e tim e (1 )  th e output s o f  th e funda -
menta l  hue-respons e categorie s a s define d i n term s o f 
proportiona l  outpu t  i n th e individua l  hu e channe l  o f 
th e opponen t  proces s system ,  an d als o (2 )  th e mean -
ing s o f  th e ordinar y Englis h word s blue ,  green , 
ye l low ,  an d red ,  alon g wit h thei r  exac t  translation s 
int o man y languages .  Simi lar ly ,  non-opponen t 
fundamenta l  respons e channel s BLAC K an d WHITE , 
correspondin g t o th e Englis h word s blac k an d whit e 
(an d thei r  translat ion s i n man y othe r  languages) ,  ar e 
define d b y th e tw o classe s o f  brightness-sensit iv e 
cell s discovere d b y D e Valoi s an d hi s associates ,  an d 
thes e categorie s als o ma y b e modele d a s fuzz y sets . 

The Semantics of Color Words 

We have seen that six English color words (and 
thei r  translat ion s int o othe r  language s tha t  hav e 
exac t  translat ion s o f  thes e words )  c» n b e give n 
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neurophysiologica l  definit ions .  Fo r  thes e si x 
semanti c categories ,  w e hav e achieve d a  considerabl e 
rapprochemen t  o f  semantic s an d perception .  What  ca n 
we sa y no w abou t  th e perceptua l  basi s o f  othe r  colo r 
word s i n Englis h an d i n othe r  languages ? I n thi s 
investigatio n w e wil l  restric t  ou r  attentio n t o wha t 
hav e com e t o b e calle d 'basic '  colo r  words .  I n an y 
languag e th e basi c colo r  word s for m a  natura l  set ,  an d 
i t  i s  th e compariso n o f  th e set s o f  basi c colo r  word s 
acros s language s tha t  ha s bee n foun d mos t  fruitfu l  i n 
th e cross-linguisti c investigatio n o f  thi s semanti c 
domain .  I n ever y languag e ther e i s a  smal l  se t  o f 
semanticall y simpl e word s suc h tha t  an y colo r  ca n b e 
named wit h a  member  fro m thi s set .  Member s o f  thi s 
se t  ar e calle d th e basi c colo r  word s o r  basi c colo r 
term s o f  th e language .  Severa l  language s ar e know n i n 
whic h ther e ar e jus t  tw o basi c colo r  terms .  Englis h 
has eleven ;  i n additio n t o th e si x alread y discussed , 
whic h nam e th e fundamenta l  neura l  respons e categories , 
ther e ar e als o brown ,  purple ,  pink ,  orang e an d grey . 
For  man y speaker s o f  Russian ,  ther e ar e twelv e basi c 
colo r  terms ;  Russia n ha s a  basi c colo r  ter m specif -
icall y fo r  ligh t  blue ,  goluboy ,  alon g wit h th e ter m 
fo r  darke r  blue ,  sinyiy . 

For a long time it was believed by linguists and 
anthropologist s tha t  ther e wer e n o constraint s o n th e 
way th e basi c colo r  term s o f  a  languag e migh t  divid e 
th e perceptua l  domai n o f  colo r  an d henc e n o tendenc y 
fo r  colo r  word s t o b e translatabl e acros s unrelate d 
languages .  Anothe r  wa y thi s ide a wa s pu t  wa s th e 
clai m tha t  perceptio n ha s n o influenc e ove r  color -
namin g i n a  languag e beyon d settin g th e bound s o f  th e 
visibl e spectrum .  Thu s i n wha t  wa s probabl y th e mos t 
widel y accepte d linguistic s textboo k o f  th e 1950s , 
H.  A .  Gleaso n said ,  "Ther e i s a  continuou s gradatio n 
of  colo r  fro m on e en d o f  th e spectru m t o th e other . 
Yet  a n America n describin g i t  wil l  lis t  th e hue s a s 
red ,  orange ,  yel low ,  green ,  blue ,  purple--o r  somethin g 
of  th e kind .  Ther e i s nothin g inheren t  eithe r  i n th e 
spectru m o r  th e huma n perceptio n o f  i t  whic h woul d 
compel  it s divisio n i n thi s way "  (1961:4) .  We no w 
kno w tha t  thi s i s wron g an d tha t  al l  th e basi c colo r 
term s i n al l  language s ar e base d o n th e si x funda -
menta l  respons e categories :  th e fou r  o f  th e opponen t 
(i.e .  hue )  syste m an d th e tw o non-opponen t  (i.e . 
brightness )  categories . 

We have already noted that each of these six 
categorie s ha s a  structur e tha t  invite s it s inter -
pretatio n a s a  fuzz y set .  Ther e i s stron g additiona l 
motivatio n fo r  th e fuzz y se t  interpretation ,  namel y 
tha t  al l  th e othe r  basi c colo r  categories ,  eithe r  i n 
Englis h o r  i n an y o f  th e othe r  language s tha t  hav e 
been investigated ,  ma y b e define d i n term s o f  simpl e 
Boolea n function s o f  thes e fuzz y sets .  Fo r  example , 
i n man y language s o f  th e world ,  includin g th e majorit y 
of  Nativ e America n languages ,  ther e i s a  singl e wor d 

tha t  i s use d whereve r  a n Englis h speake r  woul d us e 
eithe r  th e wor d gree n o r  th e wor d blue .  Ther e i s 
considerabl e experimenta l  evidenc e indicatin g tha t 
thi s widesprea d basi c colo r  categor y (le t  u s cal l  i t 
'grue' )  i s  i n fac t  th e fuzz y unio n o f  th e fundamenta l 
neura l  respons e categorie s GREEN an d BLUE .  Fo r 
example ,  i t  ha s bee n foun d i n a  larg e numbe r  o f 
language s tha t  subject s aske d t o pic k ou t  fro m a n 
arra y o f  colo r  stimul i  th e bes t  exampl e o f  thei r 
categor y gru e wil l  no t  selec t  somethin g intermediat e 
betwee n gree n an d blu e suc h a s w e migh t  cal l  turquois e 
or  aqua ;  rather ,  the y wil l  selec t  eithe r  a  foca l  gree n 
or  a  foca l  blue .  Sinc e th e unio n o f  tw o fuzz y set s i s 
define d a s th e maximu m o f  th e individua l  characteris -
ti c  funct ions ,  thi s pre-theoreticall y surprising ,  bu t 
empiricall y robust ,  findin g i s predicte d b y th e 
definitio n o f  th e categor y 'grue '  a s th e fuzz y unio n 
of  GREEN an d BLUE . 

Berlin and Kay (1969) surveyed the basic color 
lexicon s o f  ninety-eigh t  language s an d reporte d stron g 
constraint s o n th e semantic s o f  basi c colo r  ter m sys -
tems .  The y als o postulate d a  narrowl y constraine d 
evolutionar y sequenc e throug h whic h basi c colo r 
lexicon s mus t  pas s a s the y ad d term s ove r  time .  Tha t 
sequence ,  a s reformulate d b y Ka y an d McDanie l  (1978 ) 
abou t  a  decad e late r  o n th e basi s o f  a  grea t  dea l  o f 
wor k b y man y investigator s i n th e interim ,  i s summar -
ize d i n Figur e 3 . 

A language with only two basic color terms has 
on e whic h i s th e fuzz y union,'WHIT E o r  RE D o r  YELLOW*, 
and on e whic h i s th e fuzz y union,'BLAC K o r  GREEN o r 
blue' ;  thes e ar e convenientl y glosse d a s 'light-warm ' 
and 'dark-cool' ,  respectively .  When a  languag e add s 
a thir d term ,  i t  doe s s o b y splittin g th e 'light-warm ' 
ter m int o a'WHITE'ter m an d a*RE D o r  YELLOW'(i.e . 
'warm' )  term .  A t  th e nex t  stag e o f  development , 
eithe r  the'dark-cool'ter m split s int o 'BLACK '  an d 
'GREEN o r  BLUE' ,  tha t  i s  ' c o o T ,  o r  th e war m ter m 
split s int o 'RED '  an d 'YELLOW '  term s (se e Stage s Ili a 
and Ill b i n Figur e 3 ) .  A t  Stag e IV ,  whateve r  possi -
bilit y  didn' t  occu r  a t  Stag e II I  no w occurs ,  s o th e 
languag e no w ha s basi c term s fo r  th e fuzz y categorie s 
'WHITE' ,  'BLACK' ,  'RED' ,  'YELLOW' ,  an d 'GREE N o r  BLUE ' 
(i.e .  'grue') .  A t  Stag e V ,  the'grue'categor y i s  dis -
solve d int o it s fundamenta l  neura l  respons e component s 
'GREEN'  an d 'BLUE' ,  an d ther e i s no w on e basi c colo r 
ter m fo r  eac h fundamenta l  neura l  respons e category . 
Up to here in the sequence, we have been consid-
erin g tw o type s o f  basi c colo r  categories ,  thos e tha t 
consis t  i n union s o f  fundamenta l  neura l  respons e 
categorie s an d thos e tha t  consis t  i n th e fundamenta l 
neura l  respons e categorie s themselves .  Beyon d 
evolutionar y Stag e V ,  basi c colo r  categorie s o f  a  ne w 
kin d ar e forme d o n th e basi s o f  th e intersection s o f 
th e fundamenta l  categories .  Mor e precisel y eac h o f 
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thes e late r  combination s o f  th e fundamenta l  categorie s 
consist s i n twic e th e fuzz y intersectio n o f  it s 
constituen t  categories .  Fo r  example ,  th e fuzz y se t 
orang e i s twic e th e intersectio n (minimum )  o f  th e 
fuzz y set s RED an d YELLOW.2 

It is not possible in the time available to dis-
cus s th e empirica l  motivatio n fo r  th e formulatio n o f 
thes e intersectiona l  categorie s i n term s o f  precisel y 
twic e th e intersectio n o f  th e constituen t  fuzz y 
categorie s (se e Ka y an d McDanie l  1978:631-635 ;  Mervi s 
and Rot h 1981) .  Bu t  th e mai n point s o f  th e stor y s o 
fa r  shoul d no w b e clear .  Empirica l  semanti c re -
searche s hav e reveale d that ,  s o fa r  a s w e ca n tel l  a t 
present ,  al l  th e basi c colo r  categorie s o f  th e lan -
guage s o f  th e worl d ar e base d o n th e si x fundamenta l 
neura l  respons e categories ,  whos e structure s ar e 
determine d b y th e firin g pattern s o f  LG N (an d other ) 
cell s i n th e visua l  pathway .  Language s wit h fewe r 
tha n si x basi c colo r  term s hav e term s tha t  encod e 
categorie s compose d o f  fuzz y union s o f  th e fundamenta l 
categories .  Language s tha t  encod e mor e basi c cate -
gorie s tha n th e si x perceptuall y fundamenta l  ones , 
encod e categorie s base d o n th e fuzz y intersection s o f 
th e fundamenta l  ones . 

Furthermore, there appear to be quite narrow 
constraint s o n whic h o f  th e logicall y possibl e Boolea n 
combination s o f  th e si x fundamenta l  respons e categor -
ie s actuall y occu r  i n th e world' s languages .  Fo r 
example ,  o f  th e fifty-seve n possibl e categorie s tha t 
migh t  b e forme d b y takin g fuzz y union s o f  th e si x 
neurologicall y fundamenta l  categories ,  onl y th e fou r 
we hav e discusse d ('light-warm' ,  'warm' ,  'dark-cool' , 
and 'cool'--i.e .  'grue' )  occu r  i n actua l  languages . 
Littl e i s  know n b y wa y o f  explanatio n o f  thi s fact , 
thoug h i t  i s  perhap s wort h recallin g tha t  Herin g 
designate d th e color s white ,  re d an d yello w collec -
tivel y a s inherentl y arousing ,  an d th e color s black , 
gree n an d blu e a s inherentl y non-arousing .  Eve n mor e 
strikin g a s a n empirica l  generalizatio n cryin g fo r 
theoretica l  explanatio n i s th e evolutionar y sequenc e 
depicte d i n Figur e 3 .  Why shoul d th e colo r  lexicon s 
of  th e worl d sor t  int o jus t  th e handfu l  o f  type s 
permitte d b y thi s sequenc e and ,  abov e all ,  wh y shoul d 
th e tempora l  evolutio n o f  colo r  terminolog y system s 
follo w thi s particular ,  narrowl y restricte d course ? 
Answer s t o thes e questions ,  a s the y ar e found ,  wil l 
deepe n ou r  understandin g o f  th e relatio n o f  perceptio n 
and linguisti c meanin g i n th e domai n o f  color . 

Note s 

1. This talk is, in effect, a highly compressed 
summary o f  Ka y an d McDanie l  (1978) ,  an d th e heare r  o r 
reade r  intereste d i n pursuin g th e subjec t  shoul d con -
sul t  tha t  pape r  an d th e reference s cite d there . 
McDanie l  (1972 )  wa s th e firs t  t o propos e a  perceptua l 
explanatio n fo r  th e Berli n an d Ka y (1969 )  finding s 
regardin g semanti c universal s i n term s o f  th e opponen t 
proces s mode l  o f  colo r  vision .  Figure s 1 ,  2 ,  an d 3 
accompanyin g thi s tex t  ar e respectivel y Figure s 4 ,  6 , 
and 1 3 o f  Ka y an d McDaniel . 

2. In Figure 3, the '+' sign denotes the binary 
operatio n 'twic e th e fuzz y intersection' . 
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