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Abstrac t 

A critical aspect of early visual processes is to extract 
shap e dat a fo r  matchin g agains t  memor y representation s 
fo r  recognition .  Man y theorie s o f  recognitio n assum e tha t 
thi s i s bein g don e o n luminanc e information .  However , 
studie s i n psychophysic s hav e reveale d tha t  colo r  i s bein g 
used b y man y low-leve l  visua l  module s suc h a s motion , 
stereopsis ,  texture ,  an d 2 D shapes .  Shoul d colo r  reall y b e 
discarde d fro m theorie s o f  recognition ? I n thi s paper ,  w e 
presen t  tw o studie s whic h see k t o understan d th e rol e o f 
chromati c informatio n fo r  th e recognitio n o f  rea l  scen e 
pictures .  W e use d thre e version s o f  scen e picture s (gray -
levels ,  normall y colore d an d abnormall y colored )  comin g 
fro m tw o broa d classe s o f  categories .  I n th e first  category , 
colo r  wa s diagnosti c o f  th e categor y (e.g. ,  beach ,  fores t 
and valley) .  I n th e secon d categor y colo r  wa s no t 
diagnosti c (e.g. ,  city ,  roa d an d room) .  Result s reveale d 
tha t  chromati c informatio n i s  bein g registere d an d 
facilitate s recognitio n eve n afte r  a  3 0 m s exposur e t o th e 
scen e stimuli .  Simila r  result s wer e recorde d wit h exposure s 
of  12 0 ms .  However ,  influence s o f  colo r  o n speede d 
categorization s wer e onl y observe d wit h th e color -
diagnosti c categories .  N o influenc e o f  colo r  wa s observe d 
wit h th e othe r  categories . 

Introduction 

Ther e i s  littl e doubt s tha t  shap e i s a  critica l  aspec t  o f 
recognition .  I n fact ,  mos t  recognitio n theorie s assum e tha t 
shap e serve s a s th e basi s o f  objec t  an d scen e representation s 
(e.g. ,  Biederman ,  1987 ;  Mar r  &  Nishihara ,  1978 ;  Tar r  & 
Pinker ,  1989) .  Consequently ,  a  critica l  aspec t  o f  earl y 
visua l  processe s i s t o extrac t  shap e dat a fo r  matchin g agains t 
memory representations .  Thi s i s accomplishe d b y earl y 
visua l  module s suc h a s edg e detection ,  dept h perception , 
motio n an d stere o whic h ar e ofte n assume d t o operat e o n 
achromati c information-th e luminance ,  o r  gray-level s o f  th e 
image .  However ,  ther e i s  a  wealt h o f  psychophysica l 
evidenc e suggestin g tha t  earl y visio n operate s 
simultaneousl y i n luminanc e an d chromati c pathway s fo r 
motio n (e.g. ,  Cavanag h &  Ramachandran ,  1988) ,  simpl e 
shape s (Damasio ,  Y a m a d a ,  Damasio ,  Corbett ,  M c K e e , 
1980) ,  textur e (Mcllhaga ,  Hine ,  Col e &  Schneider ,  1990 ) 
and stere o (Logothetis ,  Schiller ,  Charle s &  Hurlbert ,  1990) . 
I n ligh t  o f  thes e evidence ,  shoul d chromati c informatio n 
reall y b e discarde d fro m recognitio n theories ? 

Th e influenc e o f  chromati c informatio n o n objec t  an d 
scen e recognitio n ha s bee n littl e studied ,  an d result s ar e 
ofte n contradictory .  Fo r  example ,  Biederma n an d J u (1988 ) 
hav e argue d tha t  colo r  ha d n o impac t  o n th e identificatio n o f 
an object .  Thei r  experiment s compare d th e namin g o f 
colore d objec t  photograph s an d lin e drawing s o f  th e sam e 
objects .  N o namin g advantag e wa s reporte d fo r  colore d 
object s (a t  presentation s time s o f  S O m s an d 10 0 m s ) ,  eve n 
when th e colo r  wa s characteristi c (diagnostic )  o f  th e objects . 
Thi s contrast s wit h th e earlie r  wor k o f  Ostergaar d an d 
Davidof f  (1985 )  w h o reporte d tha t  object s lik e fruit s an d 
vegetable s wer e name d faste r  whe n th e stimul i  wer e colore d 
slide s the n whe n the y wer e gray-leve l  slide s (se e als o W u r m , 
Legge ,  Isenberg ,  &  Luebker ,  1993) .  Recently ,  Tanak a & 
Bunosk y (1996 )  hav e show n tha t  colo r  influence s object s 
tha t  hav e a  characteristi c color . 

T wo factor s coul d accoun t  fo r  thes e conflictin g data .  Thi s 
first  facto r  i s th e diagnosticit y o f  chromati c informatio n fo r 
a categorizatio n (se e Tanak a &  Bunoski ,  1996) .  Fo r 
example ,  i n th e lemo n category ,  th e distributio n o f  colo r  i s 
clustere d aroun d onl y tw o mode s (yello w an d green) .  I n 
contrast ,  th e distributio n o f  colo r  i s multi-moda l  i n th e ca r 
category .  Thus ,  a n effec t  o f  chromati c informatio n o n 
recognitio n migh t  onl y b e observe d whe n colo r  predict s th e 
categorization ,  insistin g fo r  th e requiremen t  t o contro l  fo r 
colo r  diagnosticity .  Th e secon d facto r  i s th e contro l  o f 
luminanc e acros s condition s o f  stimulation .  T o o ofte n 
(e.g. ,  Biederma n &  Ju ,  1988 ;  Ostergaar d &  Davidoff ,  1985) , 
comparison s ar e m a d e betwee n stimul i  whos e luminanc e 
differ s acros s conditions ,  makin g i t  difficul t  t o k n o w 
whethe r  th e absenc e o f  effec t  o f  chromaticit y i n on e 
conditio n result s fro m a n enhance d luminanc e i n th e othe r 
condition . 

Whil e i t  i s  probabl y tru e tha t  colo r  i s no t  diagnosti c o f 
many rea l  worl d objec t  categorie s (wit h th e exceptio n o f 
fruit s an d vegetables) ,  littl e i s k n o w n abou t  th e possibl e 
effect s o f  colo r  o n th e recognitio n o f  rea l  worl d scenes . 
Real-worl d scene s ar e arguabl y mor e diagnose d b y thei r 
color s tha n ar e object s (thin k fo r  exampl e o f  beaches ,  seas , 
mountains ,  fields,  an d s o forth .  Unfortunatel y th e littl e 
researc h existin g o n th e categorizatio n o f  rea l  worl d scen e 
has mostl y focuse d o n luminanc e informatio n (e.g. ,  Oliv a 
& Schyns ,  1995 ;  Schyn s &  Oliva ,  1994) .  However ,  a 
recen t  wor k o f  Gegenfurtner ,  Sharpe ,  &  W i c h m a n n (1995 ) 
showe d tha t  colo r  entere d th e wa y scene s wer e represente d i n 
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memory.  Thei r  stud y aske d subject s t o lear n colore d an d 
blac k an d whit e scen e picture s t o b e late r  teste d o n thei r 
familiarit y wit h thes e scenes .  I t  wa s foun d tha t  subject s 
performe d significantl y bette r  fo r  memorize d colore d images , 
suggestin g tha t  thei r  memor y o f  scene s containe d chromati c 
information . 

Thi s pape r  present s tw o studie s whic h see k t o understan d 
th e respectiv e rol e o f  luminanc e an d chromati c informatio n 
i n speede d scen e categorizations .  On e coul d clai m tha t  th e 
additio n o f  colo r  ha s a  relativel y low-leve l  contributio n 
whic h facilitate s segmentatio n processes .  I n thi s cas e a 
beac h scen e whos e sk y wa s painte d red ,  th e beac h blue ,  an d 
th e se a pin k shoul d b e categorize d faste r  tha n it s gray-leve l 
counterpart .  A n alternativ e clai m i s tha t  colo r  exert s a  high -
leve l  influenc e o n processing .  Fo r  example ,  recognitio n 
coul d operat e independentl y i n luminanc e an d colo r 
pathways ,  bot h o f  whic h woul d provid e source s o f  cue s fo r 
recognition .  I n thi s case ,  th e beac h woul d b e recognize d 
faste r  whe n th e luminanc e an d chromati c cue s bot h represen t 
a beach .  However ,  thi s shoul d onl y hol d whe n chromati c 
informatio n i s diagnosti c o f  a  category .  Tha t  is ,  i t  shoul d 
hol d onl y fo r  categorie s wit h fe w dominan t  color s (e.g. , 
beac h o r  forest) ,  bu t  no t  fo r  categorie s wit h man y variabl e 
color s (e.g. ,  roo m o r  city) . 

Our  experiment s wer e designe d t o ge t  a  bette r 
understandin g o f  thes e issues .  I n a  categorizatio n task ,  al l 
subject s wer e expose d t o thre e version s o f  12 0 differen t 
scen e stimuli :  normall y colored ,  abnormall y colore d an d 
gra y levels .  Precaution s wer e take n t o insur e tha t  th e thre e 
version s o f  a  scen e ha d a n identica l  luminance .  I n 
Experimen t  1 ,  th e stimul i  wer e presente d fo r  12 0 m s an d w e 
measure d subjects '  reactio n time s o f  denomination .  I n 
Experimen t  2 ,  scene s wer e presente d fo r  onl y 3 0 ms .  Bot h 
experiment s use d th e sam e scen e categories .  T o contro l  fo r 
diagnosticity ,  tw o classe s o f  categorie s wer e used :  natura l 
{beach ,  fores t  an d valley )  an d artifac t  (room ,  roa d an d city) . 
Natura l  categorie s hav e fewe r  colo r  mode s tha n artifac t 
categories ,  an d colo r  i s therefor e mor e diagnosti c o f  th e 
categories .  W e expecte d chromati c informatio n t o facilitat e 
recognitio n onl y whe n i t  wa s diagnosti c o f  a  category . 
Conversely ,  w e expecte d chromati c informatio n t o impai r 
recognitio n i f  th e color s wer e abnorma l  o f  th e category . 
Th e differenc e i n presentatio n time s betwee n th e tw o 
experiment s wa s ther e t o infor m abou t  th e tim e cours e o f 
luminanc e an d chromati c processing . 

E x p e r i m e n t  1 

M e t h o d 

Subjects .  Twent y Glasgo w Universit y student s wit h 
norma l  o r  correcte d visio n wer e pai d t o participat e t o th e 
experiment . 

Stimuli. We chose 120 high quality color scene pictures 
fro m th e Core l  C D Phot o Library .  Thes e image s forme d 
tw o categories :  natura l  an d artifac t  scenes .  Natura l  an d 
artifac t  scene s wer e themselve s subdivide d int o 3 

subcategorie s {beach ,  forest ,  valle y an d city ,  road ,  room ) 
wit h a n equa l  numbe r  o f  exemplar s pe r  category .  Ou r 
experiment s involv e transformation s o f  chromati c 
information .  A  colore d image s ha s tw o mai n components : 
luminanc e (th e gra y level s o f  th e image )  an d chromaticit y 
(th e colo r  itself) .  A  standar d 3  dimensiona l  encodin g o f 
colo r  i n Re d Gree n Blu e ( R G B )  spac e doe s no t  separat e 
luminanc e fro m chromaticity .  Thus ,  change s o f  colo r  affec t 
luminance .  T o contro l  thi s potentia l  confoun d w e 
transforme d R G B dat a i n a  spac e (L*a*b* )  whic h represent s 
luminanc e (L* )  an d colo r  (a*b* )  independently .  W e the n 
obtaine d thre e differen t  version s o f  th e sam e scene .  Th e firs t 
version ,  th e Norma l  Colo r  (NC )  scen e simpl y corresponde d 
t o th e origina l  image .  Th e Incongruen t  Colo r  (IC )  wa s 
compute d b y changin g th e a *  an d b *  axi s i n L*a*b* .  Ther e 
ar e thre e way s t o chang e color ,  becaus e th e a *  an d b *  axi s 
ca n b e swappe d an d inverted .  T o illustrate ,  i f  a *  represent s 
th e re d t o gree n spectru m an d b *  represent s th e yello w t o 
blu e spectrum ,  a  swa p o f  a *  an d b *  (L*b*a* )  change s th e 
colo r  o f  a  banan a fro m yello w t o red .  A  swa p o f  th e axi s 
plu s a n inversio n o f  thei r  value s woul d creat e a  blu e banana . 
For  eac h o f  th e 12 0 scenes ,  3  I C image s wer e compute d a s 
Jus t  explained .  A  pane l  o f  thre e independen t  judge s wa s 
aske d t o rat e h o w atypica l  thes e image s appeare d o f  th e 
category .  W e kep t  th e mos t  atypica l  colo r  transformatio n 
fo r  th e I C condition .  Th e final  versio n o f  a  scen e (LU ) 
simpl y discarde d al l  colo r  information ,  onl y keepin g th e L * 
componen t  o f  L*a*b *  (th e LUminance ,  o r  gra y levels) . 
Stimul i  wer e presente d o n a  compute r  monitor ;  image s 
subtende d 6. 4 x  4. 4 degree s o f  visua l  angle .  A s ther e wer e 
120 origina l  pictures ,  together ,  N C ,  I C an d L U compose d a 
set  o f  36 0 experimenta l  stimuli . 

Procedure. The experiment was composed of 360 trials: 
120 N C ,  12 0 I C an d 12 0 L U .  Eac h tria l  use d a  differen t 
scen e picture .  A  tria l  consiste d o f  th e presentatio n o f  a 
fixatio n square ,  followe d b y a  mid-gra y imag e presente d fo r 
50 0 ms ,  immediatel y followe d b y a  targe t  imag e (NC ,  I C o r 
L U)  presente d fo r  12 0 ms .  Subject s wer e instructe d t o nam e 
th e scen e a s quickl y an d a s accuratel y a s the y possibl y 
could .  Reactio n Time s (RTs )  wer e measure d wit h a  voca l 
key .  Prio r  t o th e experiment ,  subject s wer e tol d tha t  al l 
scen e stimul i  belonge d t o on e o f  si x possibl e categorie s 
(beach ,  city ,  forest ,  room ,  roa d an d valley )  an d wer e aske d t o 
categoriz e th e picture s wit h thes e names .  Si x practic e trial s 
wer e give n t o familiariz e subject s wit h th e experimenta l 
apparatus ,  an d t o calibrat e th e sensitivit y o f  th e voca l  key . 
Trial s wer e randoml y assigne d int o 1 0 block s o f  3 6 trials . 
Subject s wer e allowe d a  on e minut e paus e betwee n eac h 
block . 

Results and Discussion 

The analysis was only performed on correct categorizations 
when namin g latencie s wer e withi n 2. 5 standar d deviation s 
of  th e means .  Figur e 1  summarize s th e results .  A  two -
way,  within-subject s A N O V A wit h typ e o f  scene s (natura l 
vs .  artifact )  an d stimulu s condition s ( N C ,  I C an d L U ) 
reveale d a  mai n effec t  o f  scen e type ,  F(l,19 )  =  131.71 ,  p  < 
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.0001 ,  a  mai n effec t  o f  stimulu s condition ,  /='(2,38 )  =  24.62 , 
p <  .0001 ,  an d a  significan t  interactio n F(2,38 )  =  24.76 ,  p 
<.0O01 .  Ou r  result s demonstrat e tha t  chromati c 
manipulation s affec t  recognitio n performance .  However ,  th e 
interactio n reveal s tha t  thi s influenc e wa s differen t  fo r 
differen t  categories .  W e hypothesize d tha t  chromati c 
informatio n woul d onl y b e usefu l  fo r  recognitio n whe n i t 
was diagnosti c o f  a  category .  Tha t  is ,  categorizatio n time s 
shoul d b e significantl y faste r  fo r  a  chromati c N C scen e tha n 
fo r  it s  gray-leve l  L U equivalent .  Indeed ,  mea n RT s wer e 
significantl y highe r  whe n chromati c informatio n wa s 
remove d fro m a  natura l  scene .  F(l,38 )  =  54.755 ,  p  <.001 , 
(respectively ,  L U =  81 6 m s an d N C =  78 6 ms )  bu t  th e L U 
and N C version s o f  artifac t  scene s elicite d almos t  identica l 
RTs (74 2 m s an d 73 8 m s ,  respectively) .  Anothe r 
consequenc e o f  processin g chromati c informatio n fo r 
recognitio n i s tha t  a  chang e o f  colo r  coul d i n principl e 
impai r  recognition .  However ,  thi s shoul d onl y appl y whe n 
colo r  i s diagnosti c o f  a  categorization .  T o tes t  thi s 
hypothesis ,  w e compare d categorizatio n latencie s o f  I C an d 
RC stimuli .  W e foun d tha t  I C scene s too k 4 6 m s longe r  t o 
be categorize d tha n N C scenes ,  F(l,38 )  =  124.56,/x.OOOl , 
and als o tha t  I C wer e slowe r  t o nam e tha t  L U ,  F(l,38 )  = 
14.14 ,  p  <.001 .  N o suc h differenc e wa s observe d fo r  artifac t 
scene s (se e Figur e 1) . 
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E x p e r i m e n t  2 

The result s o f  Experimen t  1  wer e gathere d i n condition s o f 
120 m s presentation s o f  scenes .  Othe r  studie s hav e show n 
tha t  comple x scene s ma y b e recognize d wit h ver y fas t 
accurac y eve n afte r  shorte r  presentatio n time s (Schyn s & 
Oliva ,  1994) .  However ,  thes e studie s di d no t  distinguis h 
betwee n th e relativ e contributio n o f  luminanc e an d 
chromati c cue s fo r  recognition .  A n argumen t  coul d b e mad e 
tha t  th e tim e cours e o f  luminanc e an d chromati c pathway s 
ar e differen t  (Billock ,  1995 )  an d tha t  on e (e.g. ,  chromaticity ) 
i s  systematicall y dependen t  o n processin g bein g initialize d 
i n th e othe r  (e.g. ,  luminance) .  Thus ,  a  12 0 m s presentatio n 
of  th e stimul i  coul d i n fac t  mas k th e fac t  tha t  on e sourc e o f 
cue s i s bein g registere d muc h late r  tha t  th e othe r  cues . 
Experimen t  2  replicate d Experimen t  1 ,  usin g identica l 
stimuli ,  bu t  w e no w presente d the m fo r  3 0 ms .  Althoug h 
change s o f  presentatio n time s d o no t  tes t  tim e cours e o f 
processin g pe r  se ,  thi s experimen t  coul d revea l  whethe r  a 
ver y shor t  presentatio n tim e wa s sufficien t  t o registe r 
chromati c informatio n sufficientl y wel l  t o late r  spee d u p 
recognition . 

Method 

Subjects. Twenty Glasgow University students with 
norma l  o r  correcte d visio n wer e pai d t o participat e t o th e 
experiment . 

Stimuli. The same 120 color scenes as in Experiment 1, 
subdivide d int o natura l  an d artifac t  scenes ,  wer e use d i n 
Experimen t  2 .  Th e experimen t  wa s compose d o f  th e sam e 
36 0 trial s (12 0 N C ,  12 0 I C an d 12 0 L U ) . 

Procedure. The procedure was identical to Experiment 1, 
excep t  tha t  th e presentatio n tim e o f  th e scene s wa s no w 3 0 
ms.  Subject' s tas k wa s t o nam e th e inpu t  a s fas t  a s the y 
possibl y could ,  usin g on e o f  th e possibl e categor y name s 
(beach ,  city ,  forest ,  room ,  road  an d valley) . 

Results and Discussion 

Figur e 1 :  Mea n reactio n time s a s a  functio n o f  typ e o f 
categor y (Natura l  vs .  Artefact )  an d colo r  conditio n (I C = 

Incongruen t  Color ,  L U =  Luminance ,  N C =  Norma l  Color ) 
fo r  a  stimulu s presentatio n o f  12 0 ms . 

In sum, in opposition to the general conclusions of 
Biederma n an d J u (1988) ,  colo r  i s bein g use d fo r 
recognition--a t  leas t  fo r  th e fas t  identificatio n o f  scenes . 
However ,  i n agreemen t  wit h Ostergaar d an d Davidof f  (1985 ) 
thi s influenc e i s limite d t o categorie s whic h ar e 
distinguishabl e o n th e basi s o f  thei r  color .  Ou r  dat a sugges t 
tha t  colo r  an d luminanc e ar e tw o independen t  cue s availabl e 
fo r  fas t  scen e recognition .  However ,  w e als o foun d tha t 
colo r  ha s n o effec t  whe n i t  i s  no t  diagnosti c o f  a  category . 

Subjects '  mea n R T s wer e collecte d fo r  correc t 
categorizations .  A  two-wa y within-subject s A N O V A wit h 
typ e o f  scen e (natura l  vs .  artifact )  an d stimulu s conditio n 
(NC,  I C an d L U )  reveale d a  significan t  o f  th e mai n effec t  o f 
scen e type ,  F(l ,  19 )  =  24.10 ,  p  <  .0001 ,  stimulu s conditio n 
F(2 ,  38 )  =  19.30 ,  p  <  .0001 ,  an d a  significan t  interaction , 
F(2 ,  38 )  =  4.87 ,  p  <.02 .  Figur e 2  summarize s th e results . 
Globally ,  th e pattern s o f  result s afte r  a  3 0 m s presentatio n 
ar e simila r  t o thos e reporte d fo r  Experimen t  1  wit h a  12 0 
ms presentation :  W h e n i t  i s  diagnostic ,  chromati c 
informatio n exert s a  stron g influenc e o n scen e recognition . 
Thi s i s observe d fo r  natural ,  N C categorie s whic h wer e 
recognize d significantl y faste r  the n thei r  L U versions , 
F(l,38 )  =  21.96 ,  p  <.0001 ,  bu t  n o suc h effec t  wa s observe d 
fo r  artifac t  scene s (L U =  77 2 m s an d N C =  76 7 ms) . 
Locally ,  th e categorizatio n time s o f  natura l  scene s reveale d 
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an interestin g differenc e wit h th e result s observe d i n 
Experimen t  1 :  I C scene s wer e categorize d 3 6 m s slowe r 
tha n N C scenes ,  F(l,38 )  =  22.21 ,  p  <.0001 ,  bu t  no t  slowe r 
tha n thei r  gray-leve l  counterparts .  N o suc h differenc e 
existe d fo r  artifac t  scenes . 
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Figur e 2 :  Mea n R T a s a  functio n o f  typ e o f  categor y an d 
colo r  conditio n fo r  a  stimulu s presentatio n o f  3 0 ms . 

Thes e result s confir m tha t  chromati c informatio n i s use d 
fo r  speede d scen e recognition .  W h y w e di d no t  obtai n a n 
interferenc e o f  incongruen t  color s whe n th e stimul i  wer e 
presente d ver y briefl y deserve s furthe r  studies .  Clearly ,  i t  i s 
not  tha t  colo r  registratio n i s impoverishe d b y o f  a  brie f 
presentation ,  a s colo r  facilitate s recognitio n i n th e N C 
condition .  I t  coul d b e tha t  ver y brie f  presentation s di d n o 
leav e enoug h tim e fo r  suc h a n interferenc e t o develop . 

General Discussion 

Experimen t  1  an d 2  showe d tha t  colo r  influence s th e 
speede d recognitio n o f  scen e categories ,  bu t  onl y whe n colo r 
i s  diagnostic .  Thi s effec t  ha s no t  bee n reporte d befor e i n th e 
scen e recognitio n literatur e (bu t  se e Tanak a &  Bunoski , 
1996 ,  fo r  objec t  recognition) ,  an d doubt s hav e bee n raise d 
abou t  th e contro l  o f  diagnosticit y an d luminanc e i n objec t 
recognitio n studies .  Ou r  result s als o sugges t  tha t  colo r 
attribute s ar e store d i n memor y alon g wit h luminanc e 
attribute s (se e Gegenfurtne r  e t  al. ,  1995) .  O f  course ,  th e 
absenc e o f  a n effec t  fo r  artifac t  scene s doe s no t  mea n tha t 
colo r  i s no t  represented ,  bu t  tha t  i t  i s  les s effectiv e i n thi s 
cas e a s a  categorizatio n cu e fo r  recognitio n a t  a  glance . 

Thes e result s shoul d hav e a  stron g impac t  o n 
computationa l  model s o f  scen e recognitio n whic h ar e mor e 
traditionall y base d o n luminanc e (thoug h se e Li u &  Yang , 
1994 ;  Uchiyam a &  Arbib ,  1994) .  Speede d recognitio n o f 
natura l  scene s require s a n efficien t  encodin g o f  differen t 
scen e aspects .  Th e result s sugges t  tha t  colo r  shoul d no w b e 
use d a s a  supplementar y categorica l  cu e fo r  comple x imag e 
recognition .  Th e integratio n o f  colo r  an d luminanc e 
informatio n ove r  tim e wil l  b e th e topi c o f  furthe r  studies . 
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