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C a t e g o r i z a t i o n c h a n g e s objec t  p e r c e p t i o n 

Anni e Archambaul t  (annie@psy.gla.ac.uk ) 
Philipp e C .  Schyn s (philippe@psy.gla.ac.uk ) 

Departmen t  o f  Psychology ;  Universit y  o f  Glasgo w 
58 Hillhea d Street ,  Glasgo w G1 2 8QB ,  Scotlan d U K 

Abstrac t 

Most models of object recognition assume that shape i s 
th e primar y dimensio n o f  recognitio n an d tha t  colo r  an d 
textur e pla y onl y a  secondar y role .  On e reaso n fo r  thi s 
coul d b e tha t  colo r  an d textur e ar e generall y les s diagnos -
ti c fo r  recognitio n an d s o i t  woul d b e comparativel y mor e 
difficul t  t o find  evidenc e o f  thei r  usage .  Another ,  bu t  a s 
yet  unexplore d reaso n fo r  thei r  secondar y role ,  i s  tha t 
colo r  an d textur e difference s ar e no t  a s wel l  perceive d a t 
shor t  exposure s o f  stimuli .  W e repor t  tw o experiment s 
tha t  addres s th e perceptio n (a s oppose d t o th e usage )  o f 
dimension s ove r  th e tim e cours e o f  visua l  processing . 

Introduction 

N o on e woul d eve r  doub t  tha t  orange ,  th e color ,  charac -

terize s oranges ,  th e fruit .  I n fact ,  orang e peel ,  th e texture , 

i s  als o characteristi c o f  oranges ,  particularl y i f  a  baske t 

contain s othe r  fruit s suc h a s peache s an d apricots .  H o w -

ever ,  t o mos t  objec t  recognitio n theories ,  th e roundis h 

shap e o f  a n orang e i s th e primar y dimensio n o f  it s  recog -

nition ,  whil e it s typica l  colo r  an d textur e ar e onl y secon -

dar y information .  Obviously ,  thi s argumen t  i s  no t  re -

stricte d t o orange s an d fruit ;  i t  applie s t o th e recognitio n 

of  al l  c o m m o n objects ,  includin g cars ,  chairs ,  houses , 

face s an d s o forth .  Th e primac y o f  shap e i s th e foundin g 

assumptio n o f  mos t  objec t  recognitio n an d objec t  catego -

rizatio n theorie s (Tversk y an d H e m e n w a y ,  1984 ;  se e als o 

Biederman ,  1987 ;  Biederma n &  Ju ,  1988) . 
W hy ar e shap e cue s s o specia l  fo r  objec t  recognition ? 

O ne sid e o f  thi s questio n i s familia r  t o categorizatio n re -

search :  Specia l  cue s ar e thos e tha t  solv e a  particula r  rec -

ognitio n problem ;  the y ar e diagnosti c i n thi s task .  Fo r 

example ,  shap e migh t  b e specia l  becaus e on e o f  it s  deter -
minant s i s par t  organization :  Object s wit h c o m m o n part s 

ten d t o hav e a  c o m m o n shape .  I n fact ,  Tversk y an d He -
m e n w ay argue d tha t  ".. .  th e natura l  break s a m o n g basic -

leve l  categorie s ar e betwee n cluster s o f  parts "  (1984 ,  p . 

186) .  Accordin g t o Biederma n (1987) ,  th e highe r  diagnos -

ticit y o f  part s explain s th e primac y o f  shap e i n everyday , 

basic-leve l  recognition . 

However ,  non e o f  th e studie s whic h argue d fo r  th e pri -

m a cy o f  shap e ove r  othe r  dimension s distinguishe d be -

twee n dimensio n perceptio n an d dimensio n diagnosticity . 

We wil l  sa y tha t  a  dimensio n i s perceive d whe n it s infor -

matio n (e.g. ,  shape ,  colo r  o r  textur e differences )  i s distin -

guishable.  Fo r  example ,  textur e woul d generall y b e per -

ceive d fo r  recognitio n i f  visua l  processe s coul d alway s 

notic e difference s i n texture .  O f  course ,  th e perceptio n o f  a 

dimensio n i s a  conditio n sin e qu a no n fo r  it s usage :  N o 

experimen t  coul d eve r  sho w a  usag e o f  colo r  (o r  texture )  i f 

colo r  difference s wer e simpl y no t  perceived .  However , 

dimensiona l  informatio n coul d b e perceived ,  bu t  no t  used , 

fo r  exampl e becaus e thi s informatio n i s no t  diagnosti c fo r 

th e tas k a t  hand .  Thi s pape r  addresse s th e issu e o f  deter -

minant s o f  dimensio n perceptio n fo r  objec t  recognition : 

I s i t  fixed ,  o r  doe s i t  chang e wit h categorizatio n experi -

ence ? 

Evidence for the Usage of other Information than 
S h a p e i n Ob jec t  a n d S c e n e Recogni t io n 

We wil l  her e cal l  "objec t  categorization "  th e typica l  tas k 

i n whic h participant s se e objec t  picture s tha t  the y the n 

name.  Biederma n an d Ju' s (1988 )  showe d tha t  naturall y 

colore d object s an d blac k an d whit e line-drawing s wer e 

categorize d equall y fast .  Eve n thoug h lo w intensity ,  non -

masked photograph s wer e recognize d faste r  tha n thei r 

black-and-whit e drawin g counterparts ,  Biederma n an d J u 

(1988 )  conclude d tha t  shap e wa s th e reliabl e informatio n 

most  needed ,  an d used .  However ,  a  carefu l  contro l  o f 

stimulatio n condition s i n Brodi e e t  al .  (1991 )  (particularl y 

shadin g an d contrast )  reveale d a  significan t  advantag e o f 

colore d pictures .  Ostergaar d an d Davidof f  (1985 )  als o 

showe d tha t  colo r  reduce d categorizatio n time .  Mo r e re-

cently ,  Davidof f  an d Ostergaar d (1988 )  replicate d th e cate -

gorizatio n advantag e o f  colore d stimuli ,  bu t  faile d t o sho w 

tha t  colo r  influence d higher-leve l  categorica l  judgment s 

(suc h a s living/non-livin g things) . 

None o f  thes e studies ,  however ,  distinguishe d betwee n 

dimensio n perceptio n an d dimensio n usage .  Categorizatio n 

performanc e onl y reveal s dimensio n usage ,  whic h assume s 

dimensio n perception .  However ,  i n mos t  studies ,  th e mai n 

determinan t  o f  dimensio n usag e (i.e. ,  it s  diagnosticit y fo r 
th e tas k a t  hand )  wa s no t  controlled .  Furthermore ,  beside s 

Brodi e e t  al .  (1991) ,  contro l  o f  stimulatio n condition s wa s 

generall y neglected .  Fo r  thes e reasons ,  i t  i s  no t  a t  al l  sur -

prisin g tha t  th e evidenc e fo r  colo r  usag e i n recognitio n 
varie s fro m acros s experiments . 

Oliv a an d Schyn s (1996 )  controlle d colo r  diagnosticit y 

i n speede d scen e recognition .  The y use d tw o type s o f  cate -

gories :  natura l  scene s fo r  whic h colo r  wa s diagnosti c 
(e.g. ,  field,  desert ,  beach )  an d artifac t  scene s fo r  whic h 

colo r  wa s no t  diagnosti c (e.g. ,  room ,  city ,  highway) .  Fo r 

eac h o f  thes e categories ,  thre e type s o f  stimul i  wer e pro -

duced :  naturall y colored ,  abnormall y colore d an d gra y lev -

els .  Result s showe d tha t  participant s w h o recognize d th e 

scene s a t  ver y brie f  exposure s wer e faste r  wit h normall y 
colore d stimul i  o f  natura l  categories .  Hence ,  Oliv a an d 

Schyn s (1996 )  conclude d tha t  colo r  onl y helpe d whe n i t 
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was diagnosti c o f  a  categorization .  Th e abnorma l  color s 

controlle d tha t  th e effec t  wa s simpl y a  segmentatio n ad -

vantag e fo r  colore d vis-i-vi s gray-leve l  stimuli .  Tanak a 

andBunosk y (1996 )  als o foun d suc h diagnosti c advantag e 

fo r  colore d objects . 

I n summary ,  i t  appear s tha t  colo r  i s use d whe n i t  i s  di -

agnosti c o f  a  categorization .  T o ou r  knowledge ,  textur e 

has no t  bee n studied ,  bu t  w e migh t  reasonabl y expec t  tha t 

it s  diagnosticit y woul d als o determin e it s usage .  However , 

th e previou s result s d o no t  permi t  an y conclusio n a s t o th e 

actua l  perceptio n o f  thes e dimension s ove r  th e tim e cours e 

of  visua l  processing .  Ou r  studie s ta p int o thi s issue . 

Ground Rules for the Study of Dimension Per-
ceptio n 

I f  recognitio n task s chang e th e usag e o f  objec t  cues , 

the n i t  i s  bette r  no t  t o us e recognitio n task s t o stud y th e 

perceptio n o f  dimensiona l  information .  A n alternativ e tas k 

require s participant s t o judg e whethe r  tw o simultaneousl y 

presente d stimul i  ar e physicall y identical .  Stimulu s pair s 

coul d eithe r  b e effectivel y identical ,  o r  diffe r  alon g one ,  o r 

mor e dimensions .  Prio r  t o th e task ,  participant s woul d b e 

instructe d tha t  thre e dimension s (here ,  shape ,  colo r  an d 
texture )  compos e eac h objec t  an d tha t  a  singl e dimensiona l 

chang e unambiguousl y indicate s tha t  tw o object s ar e 
physicall y different .  Exposure s coul d var y fro m ver y brie f 
(e.g. ,  3 0 m s )  t o ver y lon g (e.g. ,  1  s )  t o trac k perceptio n o f 

dimension s ove r  th e tim e cours e o f  recognition .  Th e fol -
lowin g groun d rule s detai l  w h y w e believ e tha t  suc h de -

sig n i s well-suite d t o stud y dimensio n perception . 
•  Condition s o f  Presentation :  Th e simultaneou s 

presentatio n o f  tw o stimul i  o n th e scree n warrant s tha t 
participant s ca n rel y o n th e displaye d informatio n t o es -
tablis h thei r  physica l  identity . 

•  Stimuli :  Th e compute r  synthesi s o f  3 D object s com -
pose d o f  a  specifi c  shape ,  colo r  an d textur e enable s a 
tigh t  contro l  o f  th e physica l  similarit y betwee n stimuli . 

•  Instructions :  Participant s woul d kno w th e dimen -
siona l  compositio n o f  eac h object ,  an d the y woul d als o 
kno w th e possibl e way s i n whic h object s differ .  Partici -
pant s woul d b e show n eac h stimulu s tha t  the y woul d late r 
need t o distinguish .  Thus ,  i t  coul d no t  b e argue d tha t  par -
ticipant s d o no t  kno w whic h informatio n t o see k ou t  i n 
th e visua l  input . 

•  Task :  Judgment s o f  physica l  identit y ar e ver y con -
straine d an d ar e assume d t o ta p int o th e perceptua l  encod -
ing s o f  stimulu s dimensions—a t  leas t  mor e s o tha n cate -
gorizations ,  unconstraine d same/differen t  judgments ,  o r 
sequentia l  assessment s o f  physica l  identit y whic h ar e ar -
guabl y les s fre e o f  high-leve l  cognitiv e influence s (se e 
Schyn s e t  al. ,  i n press) .  Physica l  identit y force s partici -
pant s t o loo k fo r  an y differenc e tha t  the y ca n perceiv e 
betwee n tw o objects . 

•  Data :  Participant s wh o woul d judg e a s identica l  tw o 
stimul i  tha t  wer e physicall y differen t  woul d indicat e tha t 
the y coul d no t  perceiv e thi s dimensiona l  difference .  Sys -
temati c testin g o f  dimensiona l  difference s a t  differen t 
presentatio n time s o f  th e stimulu s pair s woul d the n allo w 
t o trac k th e respectiv e perception s o f  thes e dimension s 
ove r  th e tim e cours e o f  visua l  processing . 

•  Calibration :  Calibratio n withi n dimensions ,  an d 
overal l  informatio n acros s dimension s ar e her e crucia l 

issues .  Stimul i  ar e perfectl y calibrate d wheneve r  an y tw o 
successiv e point s withi n a  dimensio n ar e equall y distin -
guishable .  Th e averag e confusabilit y  o f  point s betwee n 
dimension s shoul d als o b e equalized .  Otherwise ,  th e per -
ceptua l  primac y o f  a  dimensio n coul d simpl y b e equate d 
wit h th e lowe r  overal l  confusabilit y  o f  it s  values .  Unfor -
tunately ,  i t  i s  clos e t o impossibl e t o contro l  within -  an d 
between-dimensio n confusabilit y  wit h natura l  objects . 
Furthermore ,  w e wis h t o entertai n th e possibilit y  tha t  th e 
natura l  distribution s o f  dimensiona l  point s promote s th e 
relativ e confusabilit y  o f  naturall y distribute d dimen -
sions .  However ,  w e tak e issu e wit h th e ide a tha t  thi s i  s 
th e onl y facto r  explainin g th e perceptio n o f  informa -
tion .  Thus ,  ou r  experiment s wil l  tes t  th e effec t  o f  diag -
nosticit y o n dimensio n perception . 

Thes e groun d rule s wer e applie d t o th e desig n o f  tw o 

experiment s investigatin g categorizatio n influence s o n th e 

perceptio n o f  shape ,  colo r  an d texture .  Experimen t  1  as -

sesse d baselin e performance .  Stimulu s pair s wer e pre -

sente d fo r  differen t  duration s (30 ,  12 0 an d 100 0 m s ) ,  an d 

we gathere d physica l  identit y judgment s o f  object s whic h 
varie d eithe r  alon g th e shape ,  colo r  o r  textur e dimension , 

or  o n al l  thre e dimensions .  Experimen t  2  teste d whethe r 

categorizatio n experienc e coul d chang e th e baselin e percep -
tio n o f  traine d dimensiona l  points . 

Experiment 1 

Experimen t  1  wa s designe d t o asses s th e baselin e per -
ceptua l  availabilitie s o f  shape ,  colo r  an d textur e informa -
tio n i n objec t  processing .  Object s wer e three-dimensiona l 
(3D )  compute r  synthesize d fruit s (banana ,  lemon ,  orange , 
pear ,  apple )  an d vegetable s (carrot ,  cucumber ,  mush room , 
potato ,  tomato )  crafte d s o a s t o loo k a s natura l  a s possibl e 
(se e Figur e 1) .  A  physica l  identit y tas k a s jus t  describe d 
require d participant s t o establis h whethe r  tw o simultane -
ousl y presente d fruit s wer e strictl y identical .  Th e fruit 
pair s coul d eithe r  b e identica l  alon g al l  thre e dimension s 
composin g th e object s (shape ,  colo r  an d texture) ,  o r  the y 
differe d o n one ,  o r  thre e dimension s (se e Figur e 2) .  Objec t 
pair s wer e presente d fo r  eithe r  3 0 m s ,  12 0 m s ,  o r  100 0 m s 
i n differen t  participan t  groups .  I f  shape ,  colo r  an d textur e 
informatio n i s simultaneousl y availabl e fo r  objec t  process -
ing ,  the n differen t  exposure s t o th e sam e objec t  pair s 
shoul d no t  affec t  th e perceptio n o f  thei r  similaritie s an d 
differences .  Alternatively ,  i f  dimensiona l  informatio n i s 
subjec t  t o a  differentia l  availabilit y  ove r  th e tim e cours e o f 
visua l  processing ,  w e migh t  expec t  peopl e t o perceiv e 
identica l  pair s quit e differendy . 
Participant s 

45 Glasgo w Universit y student s wit h norma l  o r  cor -
recte d visio n wer e pai d t o participat e i n th e experiment . 

Stimuli 

Stimul i  wer e compute r  synthesize d 3 D shape s o f  fruits 
and vegetable s compose d o f  thre e dimensions :  shape , 
colo r  an d texture .  Fiv e N A T U R A L fruit s an d fiv e 
N A T U R AL vegetable s constitute d th e origina l  stimulu s 
set  fro m whic h al l  othe r  stimul i  wer e derive d (se e Figur e 

1) .  Stimul i  preserve d thei r  "natural "  heigh t  relationship -
height s varie d betwee n 2. 5 c m t o 9  c m an d width s betwee n 

3 c m t o 1 4 c m o n th e display ,  correspondin g t o abou t  6  x 
6 degree s o f  visua l  angle .  Severa l  transformation s wer e 
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applie d t o th e origina l  object s t o construc t  tw o set s o f  ne w 

fruit s and  vegetables .  I n th e one-dimensiona l  chang e se t 

( ID IM) ,  th e valu e o f  on e o f  th e thre e dimension s (shape , 

colo r  o r  texture )  wa s swappe d wit h th e o f  anothe r  objec t 

(e.g. ,  a  yello w lemo n woul d becom e red) .  Fo r  eac h object , 

and fo r  eac h dimension ,  w e introduce d tw o suc h change s o f 

values ,  se e Figur e 2 .  I n total ,  6 0 ne w stimul i  wer e create d 

(1 0 object s *  3  dimension s *  2  dimensiona l  changes) . 

Figur e 1 :  Fruit s an d vegetable s constitutin g th e origina l 

stimulu s se t 

O ne proble m wit h ou r  stimul i  i s  tha t  th e highe r  con -

fusabilit y  o f  a  dimensio n coul d aris e fro m th e choic e o f 

th e teste d N A T U R AL values .  W e crafte d 3 0 supplemen -

tar y stimul i  (tha t  w e cal l  E X T R E M E S)  a s controls .  Eac h 

one o f  the m wa s create d b y replacin g th e N A T U R AL 

valu e o f  a  dimensio n {e.g. ,  th e orang e pee l  textur e o f  a n 

orange )  wit h a n "extreme "  value .  E X T R E M ES wer e de -

signe d t o appea r  a s differen t  a s possibl e t o th e N A T U R AL 

value s o f  th e stimulu s set .  Fo r  instance ,  th e color s o f  th e 

rainbo w replace d th e N A T U R AL color s o f  fruits  an d vege -

tables ;  a  zebr a texmr e replace d N A T U R AL textures ;  a 

combinatio n o f  geometri c primitive s replace d th e smoot h 

shape s (se e Figur e 2) .  Thes e value s wer e though t  t o b e 

equidistan t  from  th e dimensiona l  value s composin g th e 

ensembl e o f  N A T U R AL stimuli-e.^. ,  an y N A T U R AL 

colo r  i s equidistan t  from  th e color s o f  th e rainbow .  Th e 

rational e wa s tha t  simila r  pattern s o f  result s fo r 

E X T R E M ES and  N A T U R AL value s coul d demonsu-at e 

tha t  th e relativ e primacie s o f  dimension s depend s upo n th e 

tha t  th e intrinsi c structur e o f  informatio n alon g thi s di -

mension ,  no t  jus t  th e confusabilit y  withi n a  se t  o f 

N A T U R AL values . 
Three-dimensiona l  transformation s (3DIM )  wer e als o 

applie d t o th e stimuli .  I n thi s case ,  al l  thre e dimension s 

composin g a n objec t  wer e sw ipe d wit h thos e o f  anothe r 

object .  T o illustrate ,  a  lemo n coul d becom e a  re d potat o 

shap e wit h th e textur e o f  a  carrot .  Not e tha t  thes e stimul i 

di d no t  nee d t o correspon d t o a  N A T U R AL frui t  o r  a 

N A T U R AL vegetable ;  3 D I M object s wer e include d i n th e 

desig n a s unambiguousl y differen t  trial s i n th e physica l 

identit y task .  Fo r  eac h o f  th e 1 0 origina l  objects ,  w e com -
pute d five  differen t  3 D r M objects .  I n total .  Experimen t  1 

use d 15 0 distinc t  stimul i  (1 0 original s -i -  6 0 ID I M -i -  3 0 

E X T R E M ES -i -  5 0 3 D I M ) . 

Figur e 2 :  Example s o f  stimul i  create d wit h extrem e di -

mensions . 

P rocedur e 

Befor e startin g th e experiment ,  participant s wer e show n 

th e 1 0 origina l  stimuli .  The y wer e aske d t o nam e th e ob -

ject s an d t o explicitl y  lis t  th e reason s wh y th e object s 

presente d belonge d t o th e name d categor y (e.g .  "i t  i s  a n 

orang e becaus e i t  i s  round ,  orang e an d i t  ha s a  orang e pee l 

texture") .  Thi s precautio n wa s take n t o ensur e tha t  partici -

pant s wer e awar e o f  al l  thre e dimension s presen t  i n eac h 

object .  W h e n participant s misse d noticin g on e o r  mor e 

dimension(s) ,  th e experimente r  pointe d ou t  th e forgotte n 

dimension(s )  t o ensur e tha t  participant s di d se e i t  an d coul d 

subsequentl y distinguis h it . 

I n a  trial ,  tw o object s wer e simultaneousl y presente d o n 

th e scree n fo r  a  duratio n o f  30 ,  12 0 o r  100 0 ms ,  dependin g 

on th e experimenta l  group .  Th e tw o object s wer e eithe r 

physicall y identica l  ( S A M E trials) ,  differe d alon g on e di -

mensio n ( IDI M trials ,  includin g th e E X T R E M E S ) ,  eithe r 

shape ,  colo r  o r  texture ,  o r  alon g th e thre e dimension s 

(3DI M trials) .  Participants '  tas k wa s t o determin e a s 

quickl y and  a s accuratel y a s possibl e whethe r  th e tw o ob -

ject s wer e physicall y identical .  A  differenc e alon g on e di -

mensio n wa s enoug h t o sa y tha t  th e stimul i  wer e differen t 

sinc e t o respon d "same "  th e tw o stimul i  ha d t o b e identica l 

alon g thre e dimensions .  Th e experimen t  include d fou r 

blocks ,  eac h compose d o f  7 0 trials .  Th e orde r  o f  th e 

block s wa s counterbalance d acros s participants ,  an d th e 
orde r  o f  trial s withi n block s wa s randomized .  Eac h bloc k 

laste d fo r  abou t  five  minutes . 
Result s a n d Discussio n 

A d '  measure ,  whic h include s bot h Hi t  (H )  rat e (sayin g 
tha t  tw o stimul i  ar e differen t  whe n the y ar e different )  an d 
Fals e Alar m (FA )  rat e (sayin g tha t  tw o stimul i  ar e differ -
ent  whe n the y ar e identical) ,  wa s use d a s ou r  dependen t 
variable .  A  hig h d '  i s  a  sur e sig n o f  goo d discriminatio n 
performanc e (it s m a x i m u m valu e i s  5) ,  bu t  th e simplicit y 
of  th e tas k (th e object s wer e simultaneousl y presente d o n 
th e compute r  monitor )  wa s suc h tha t  w e expecte d a  per -
formanc e clos e t o saturatio n wheneve r  dimensiona l  infor -
matio n wa s readil y availabl e fo r  visua l  processing . 
Tabl e 1 :  D' s o f  Experimen t  1  fo r  eac h dimensio n an d pres -

entatio n time . 

30 m s 
120 m s 
1000 m s 

Shap Colo r  Textur e 

2.8 5 
3.2 1 
4.3 6 

2.2 0 
2.9 4 
4.2 4 

1.2 6 
1.8 4 
3.8 8 

For  eac h dimensio n i n th e I D I M condition ,  w e com -
pute d separat e d' s t o investigat e whethe r  participant s dis -
criminate d certai n dimensiona l  difference s bette r  tha n oth -
ers .  A  two-wa y A N O V A reveale d significan t  mai n effect s 
of  exposure s (30 ,  120 ,  100 0 ms) ,  F(2 ,  42 )  =  35.63 ,  p  < 
.001 ,  type s o f  dimensiona l  differenc e (shape ,  color ,  textur e 
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IDIM) ,  f(2 .  84 )  =  110.03 ,  p  <  .001 ,  an d a  significan t 
interactio n betwee n thes e factors ,  F(4 ,  84 )  =  9.72 ,  p  < 
.001 .  Furthe r  analysi s reveale d tha t  difference s i n th e per -
ceptio n o f  dimensiona l  value s wer e tru e fo r  exposure s o f 
30 ms ,  F(2 ,  84 )  =  67.38 .  p  <  .001 ,  12 0 ms ,  /••(2 ,  84 )  = 
55.06 ,  p  <  .00 1 an d 100 0 ms ,  F(2 ,  84 )  =  7.02 ,  p  <  .Q\ . 
At  3 0 m s exposures ,  th e physica l  identit y o f  texture s wa s 
harde r  t o asses s tha n th e physica l  identit y o f  color s (d '  = 
1.25 9 vs .  2.202) ,  whic h wer e themselve s les s accurat e 
tha n shap e judgment s (d '  =  2.845) .  A t  12 0 an d 100 0 m s 
exposures ,  shape s an d color s wer e systematicall y easie r  t o 
discriminat e tha n texture s (se e Tabl e 1) .  Eve n wit h ver y 
long ,  100 0 m s exposures ,  textur e wa s stil l  harde r  t o dis -
criminate ,  bu t  becaus e performanc e wa s clos e t o saturatio n 
we wil l  no t  dwel l  to o muc h o n thi s difference .  Thes e ini -
tia l  dat a revea l  (1 )  tha t  th e perceive d physica l  identit y o f  a 
give n pai r  o f  dista l  object s change s wit h prolonge d expo -
sure s t o th e stimuli ,  suggestin g tha t  som e cue s ar e percep -
tuall y availabl e befor e others ,  an d (2 )  tha t  th e orde r  o f 
availabilitie s seem s t o b e shap e befor e colo r  an d texture . 
The perceptio n o f  textur e improve s wit h longe r  exposures , 
but  i t  neve r  reall y reache s th e perceptio n o f  th e othe r  tw o 
dimensions . 

Our  desig n controlle d extrem e dimensiona l  change s t o 
asses s whethe r  th e lowe r  availabilit y  o f  textur e an d colo r 
aros e fro m th e subse t  o f  teste d N A T U R AL value s o r  th e 
intrinsi c structur e o f  textura l  informatio n fo r  perception . 
Were drasti c (i.e. ,  E X T R E M E)  textura l  an d colo r  differ -
ence s stil l  harde r  t o perceiv e tha n drasti c shap e changes ? I f 
the y wer e not-i.e. ,  i f  E X T R E ME shape ,  colo r  an d textura l 
difference s wer e a s eas y t o perceiv e -the n highe r  con -
fusabilit y  o f  th e N A T U R AL sample s o f  color s an d tex -
ture s coul d explai n th e reporte d differenc e o f  perceptio n 
acros s dimensions . 

Discrimination s o f  IDI M E X T R E ME difference s wer e 
compare d t o IDI M N A T U R AL difference s (se e Figur e 3) . 
A three-wa y A N O V A reveale d significan t  mai n effect s o f 
dimensio n (shape ,  color ,  texture) ,  F(2 ,  84 )  =  76.94 ,  p  < 
.001 ,  E X T R E ME vs .  N A T U R A L,  F(l ,  42 )  =  34.45 ,  p  < 
.001 ,  an d exposur e tim e (30 ,  120 ,  100 0 ms) ,  F(2 ,  42 )  = 
29.22 ,  p  <  .001 .  W e decompose d a  significan t  tripl e inter -
action ,  F(4 ,  84 )  =  2.6 ,  p  <  .0 5 t o examin e significan t 
simpl e interaction s betwee n shape ,  color ,  textur e an d 
N A T U R AL vs .  E X T R E ME value s fo r  3 0 ms ,  F(2 ,  84 )  = 
3.18 ,  p  <  .05 ,  an d 12 0 ms ,  F(2 ,  84 )  =  5.07 ,  p  <  .01 ,  ex -
posures ,  bu t  no t  fo r  100 0 ms ,  becaus e i t  wa s no t  signifi -
cant ,  F(2 ,  84 )  =  2.51 ,  «i . 

Difference s wer e foun d i n th e perceptio n o f  E X T R E ME 
dimensiona l  value s tha t  mirrore d thos e o f  N A T U R AL 
value s a t  exposure s o f  3 0 ms ,  F(2 ,  86 )  =  12.64 ,  p < .001 , 
and 12 0 ms ,  F(2 ,  86 )  =  4.72 ,  p  <  .05 .  E X T R E ME shape s 
and color s wer e als o easie r  t o discriminat e tha n 
E X T R E ME texture s a t  3 0 ms ,  an d 12 0 m s (Tukey ,  al l  p  < 
.05) .  Thus ,  N A T U R AL an d E X T R E ME discrimination s 
followe d a  simila r  tren d suggestin g tha t  th e intrinsi c struc -
tur e o f  textura l  informatio n (no t  jus t  th e N A T U R AL sam -
ple s w e tested )  i s les s immediatel y perceivabl e tha n shap e 
and color .  However ,  E X T R E ME color s an d texture s wer e 
more discriminabl e tha n thei r  N A T U R AL counterpart s a t 
30 an d 12 0 ms .  Nevertheless ,  an d becaus e w e ai e her e in -
tereste d i n relative ,  no t  absolute ,  availabilities , 
E X T R E ME color s an d texture s difference s wer e stil l  harde r 
t o perceiv e tha n E X T R E ME shape s differences . 

Natural s 

Exposur e tim« . 

Extreme s 

Exposur e hme s 

Figure 3: D's for the NATURAL and EXTREME values 
fo r  eac h dimensio n an d presentatio n time . 

I n summar y o f  Experimen t  1 ,  tim e o f  exposur e change s 

th e perceptio n o f  th e thre e dimension s composin g objects . 

Of  al l  dimensions ,  textur e appear s t o b e rarel y availabl e 

fo r  processin g a t  ver y shor t  presentatio n times ,  eve n whe n 

th e differenc e i n textur e i s a s extrem e a s ca n be .  Neverthe -
less ,  wit h longe r  exposures ,  th e availabilit y  o f  thi s dimen -

sio n increases . 

Experiment 2 

Experimen t  1  suggest s tha t  th e untraine d ey e i s no t  par -
ticularl y adep t  a t  perceivin g th e colo r  an d textura l  differ -
ence s o f  ver y briefl y presente d objects .  Eve n drasti c differ -
ence s alon g thes e dimension s wer e stil l  mor e difficul t  t o 

perceiv e tha n shap e differences .  On e genera l  proble m tha t 
arise s i s whethe r  thi s limitatio n i s fixed  (e.g. ,  becaus e 
perceptua l  system s ar e wire d i n a  wa y tha t  the y canno t 
proces s som e informatio n sufficientl y  fast) ,  o r  whethe r  i t 

can chang e (Schyn s e t  al ,  i n press) . 
Thi s issu e tap s int o th e origi n o f  th e highe r  percepma l 

salienc e o f  shap e ove r  colo r  an d texture .  W e note d earlie r 
tha t  expertis e wit h a  category ,  o r  th e diagnosticit y o f  a 
dimension ,  coul d sometime s chang e th e perceptio n o f  ob -
jec t  cues .  Th e primac y o f  shap e cue s reporte d i n Experi -
ment  1  coul d originat e i n suc h acquire d perceptua l  salienc e 
of  shap e ove r  colo r  an d textura l  cues-fo r  example ,  becaus e 
th e psychologica l  distance s betwee n shap e cue s ar e o n 
averag e highe r  tha n thos e o f  othe r  dimensions .  Th e acqui -
sitio n o f  perceptua l  expertis e wit h a  dimensio n could , 
however ,  reduc e th e confusabilit y  o f  it s  values ,  spee d u p 
th e availabilit y  o f  it s  informatio n an d increas e it s overal l 
salienc e t o th e exper t  observer .  I f  thi s wer e true ,  th e 
globa l  salienc e o f  a  dimensio n woul d no t  b e solel y deter -

mine d b y th e intrinsi c confusabilit y  o f  it s  information . 
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but  als o b y th e diagnosticit y o f  thi s dimensio n fo r  th e 

exper t  observer . 

Experimen t  2  wa s se t  u p a s a  proble m o f  perceptua l  ex -

pertis e resultin g fro m categorizatio n training .  Thre e par -

ticipan t  group s wer e traine d t o classif y abstrac t  object s 

categorie s usin g a  differen t  diagnosti c dimension .  On e 

grou p use d shap e cues ,  th e othe r  colo r  an d th e las t  on e 

texture .  Al l  group s wer e the n teste d o n th e sam e tas k 

whic h aske d participant s t o judg e th e physica l  identit y o f 

objec t  pair s (a s i n Experimen t  1) .  R e m e m b er  tha t  thi s 

task s ensure s tha t  participant s k n o w whic h informatio n t o 

us e t o judg e th e physica l  identit y o f  tw o object s simulta -

neousl y presente d o n th e visua l  display . 

Thi s desig n enable d a  compariso n o f  th e effec t  o f  catego -

rizatio n trainin g o n th e perceptio n o f  objec t  dimensions . 

For  example ,  participant s trained ,  o n textur e coul d star t 

perceivin g textura l  difference s tha t  participant s traine d o n 

shap e o r  colo r  woul d no t  see .  W e coul d the n asses s 

whethe r  th e observer' s experienc e wit h th e dimensio n 

change d th e perceptio n o f  thi s information ,  it s availabilit y 

fo r  visua l  processing ,  an d it s relativ e primac y fo r  recogni -

tion . 
Participant s 

4 5 Glasgo w Universit y student s wit h norma l  o r  cor -

recte d visio n wer e pai d t o participat e i n th e experiment . 
Stimul i 

Stimul i  wer e compute r  synthesize d 3 D object s com -

pose d o f  thre e dimensions :  shape ,  colo r  an d textur e (se e 

Figur e 4) .  T o creat e th e stimuli ,  w e selecte d te n differen t 

value s fo r  eac h dimension ,  wit h th e constrain t  tha t  the y 

woul d b e a s differen t  a s possibl e fro m on e another .  Ex -

perimenta l  stimul i  wer e create d b y crossin g value s alon g 

th e thre e dimensions . 

Figur e 4 :  Example s o f  1  categor y define d b y a  texture . 

P r o c e d u r e 

I n a n initia l  trainin g phase ,  thre e experimenta l  group s 

( S H A P E,  C O L O R an d T E X T U R E)  wer e assigne d t o a 

differen t  dimensio n classificatio n task .  I n eac h group ,  par -

ticipant s wer e require d t o lear n 1 0 differen t  categories . 

Fou r  distinc t  object s compose d eac h category .  O n thei r 

diagnosti c dimension ,  the y share d th e sam e valu e acros s 

th e exemplar s o f  th e category ,  whil e th e value s o f  th e tw o 

othe r  dimension s wer e randoml y chosen .  A s ther e wer e 1 0 

differen t  value s pe r  dimension ,  w e define d 1 0 categorie s 

per  experimenta l  group ,  fo r  a  tota l  o f  4 0 trainin g stimuli . 

I t  i s  importan t  t o stres s tha t  th e sam e ensembl e o f  4 0 

stimul i  wa s differend y carve d int o 1 0 categories ,  depend -

in g o n whic h dimensio n ( S H A P E ,  C O L O R o r 

T E X T U R E)  wa s diagnosti c i n tha t  group .  Th e fac t  tha t 

participant s sa w th e sam e stimul i  bu t  groupe d the m differ -

entl y ensure s tha t  an y observe d differenc e i n th e perceptua l 

availabilit y  o f  a  dimensio n doe s no t  resul t  fro m a  differen -

tia l  exposur e t o th e value s o f  th e othe r  dimension . 

Initia l  trainin g phase .  I n th e initia l  trainin g phase ,  th e 

10 categorie s receive d a  differen t  arbitrar y nam e (possibl e 

names werefeb ,  dur ,  niol ,  pin ,  bod ,  top ,  glo ,  jap ,  cal ,  an d 

rac) .  Participant s i n th e S H A P E ,  C O L O R an d T E X T U R E 

group s wer e instructe d t o lear n th e categor y nam e goin g 

wit h eac h stimulus .  A  learnin g tria l  consiste d o f  th e pres -

entatio n o f  a  categor y name ,  fo r  100 0 m s ,  immediatel y 

followe d b y a  categor y exemplar ,  fo r  3 0 m s ,  followe d b y a 

mask compose d o f  colore d patche s fo r  3 0 ms .  A  keypres s 

(th e space-bar )  o n th e compute r  keyboar d woul d initiat e 

th e nex t  learnin g trial .  Participant s wer e instructe d tha t 

the y shoul d kee p learnin g th e pairing s unti l  the y fel t  the y 

kne w th e 1 0 categories . 

Initia l  testin g phase .  Followin g th e initia l  trainin g 

phase ,  participant s wer e teste d o n thei r  knowledg e o f  th e 

10 categories .  T o ensur e tha t  participant s kne w th e cue s 
definin g th e categorie s (no t  jus t  thei r  exemplars) ,  ne w 

object s wer e tested-/ ,  e. ,  participant s ha d no t  see n the m 

before .  I n a  trial ,  a  categor y nam e woul d appea r  o n th e 

scree n fo r  100 0 m s ,  immediatel y followe d b y a  n e w ex -

empla r  fo r  3 0 m s ,  an d a  3 0 m s mask .  Participant s wer e 

aske d t o indicat e whethe r  o r  no t  th e categor y nam e an d di e 

objec t  matche d b y pressin g th e appropriat e key s o n th e 

compute r  keyboard .  Thi s phas e compose d o f  4 0 trial s 

teste d al l  1 0 categorie s wit h a  balance d numbe r  o f  "yes " 

and "no "  responses .  A  9 0 % correc t  respons e criterio n wa s 

require d befor e participant s coul d ente r  th e secon d testin g 

phase .  Participant s w h o di d no t  reac h th e criterio n wen t 

bac k t o th e initia l  learnin g phase . 

Secon d testin g phase .  Th e secon d testin g phas e familiar -

ize d participant s wit h th e perceptuall y taxin g procedur e o f 

th e physica l  identit y task .  I n a  trial ,  participant s sa w a 

categor y nam e immediatel y followe d b y tw o stimul i  pre -

sente d simultaneousl y o n th e scree n fo r  3 0 m s ,  followe d 

by a  3 0 m s mask .  Onl y on e o f  th e tw o stimul i  wa s a 

categor y member ,  an d participants '  tas k wa s t o indicat e 

(vi a th e appropriat e keypress )  th e portio n o f  th e scree n 

(lef t  o r  right )  o n whic h th e exempla r  o f  th e name d cate -

gor y appeared .  T w o differen t  block s o f  4 0 suc h trials ,  wit h 

a balance d assignmen t  o f  categor y member s t o th e lef t  an d 

righ t  scree n portions ,  compose d th e secon d testin g phase . 

Again ,  a  9 0 % accurac y criterio n wa s require d befor e par -

ticipant s coul d procee d t o th e final  testing .  Otherwise , 

the y woul d g o bac k t o th e initia l  trainin g phase . 

Fina l  testin g phase .  Th e physica l  identit y tas k wa s th e 

final  test .  Th e othe r  testin g phase s insure d (1 )  tha t  partici -

pant s coul d identif y al l  value s o f  th e learne d dimension , 
an d (2 )  tha t  thi s identificatio n wa s possibl e eve n whe n tw o 

stimul i  wer e simultaneousl y (an d briefly )  presented .  Th e 

physica l  identit y tas k wa s simila r  t o Experimen t  1 .  Objec t 

pair s wer e presente d fo r  3 0 m s ,  followe d b y a  3 0 m s 

mask,  an d participant s wer e aske d t o judg e th e physica l 

identit y o f  th e displaye d objects .  Th e stimul i  use d i n thi s 

tas k include d al l  th e stimul i  use d i n th e learnin g phas e an d 

m th e previou s testin g phases .  A s i n Experimen t  1 ,  par -

ticipant s wer e tol d tha t  physicall y identica l  object s wer e 

thos e tha t  share d identica l  shapes ,  color s an d textures ,  an d 
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tha t  a  singl e differenc e alon g an y o f  thes e dimension s wa s 

sufficien t  t o judg e the m different .  Th e tas k comprise d thre e 

block s o f  9 0 suc h trials .  Th e orde r  o f  block s an d trial s wa s 

randomize d acros s participants .  Th e experimen t  too k abou t 

60 minutes  t o complete . 

Results and Discussion 

As i n Experimen t  1 ,  a  d '  sensitivit y measur e whic h 

combine s Hi t  (H )  rat e (sayin g tha t  tw o stimul i  ar e differ -

ent  whe n the y ar e effectivel y different )  an d Fals e Alar m 

(FA )  rat e (sayin g tha t  tw o stimul i  ar e differen t  whe n the y 

ar e physicall y identical )  wa s use d t o analyz e participants ' 

respons e i n th e physica l  identit y task .  A  two-wa y 

A N O VA reveale d n o differenc e betwee n th e group s 

( S H A P E,  C O L O R,  T E X T U R E training) ,  F(2 ,  42 )  <  1 , 

ns ,  a  significan t  effec t  o f  dimensiona l  differenc e (shape , 

color ,  texture) ,  F(2 ,  84 )  =  65.40 ,  / ? <  .001 ,  an d a  signifi -

can t  interactio n betwee n thes e factors ,  F(4 ,  84 )  =  5.49 ,  p 

< .00 1 (se e Tabl e 2) . 

Tabl e 2 :  D' s i n Experimen t  2  fo r  eac h dimensio n 

and experimenta l  group . 

SHAPE-grou p 
COLOR-grou p 

TEXTURE-grou p 

Shape Colo r  Textur e 

3.75 7 
3.60 1 
3.49 1 

3.60 5 
3.57 4 
3.67 1 

2.15 8 
2.80 4 
2.93 6 

Al l  group s wer e similarl y adep t  a t  noticin g shape ,  F(2 , 

42 )  <  1 ,  ns ,  an d colo r  differences ,  F(2 ,  42 )  <  1 ,  ns ,  irre -

spectivel y o f  th e dimensio n the y ha d bee n traine d on . 

However ,  performanc e wa s her e clos e t o ceilin g an d w e 

therefor e concentrat e o n texture ,  th e dimensio n o f  interes t 

i n Exp)erimen t  2 .  Participant s perceive d textura l  informa -
tio n differently .  T E X T U R E an d C O L O R participant s per -

ceive d textura l  difference s equall y wel l  (d '  =  2.9 7 an d 2.8 , 

respectively) ,  an d boti i  bette r  tha n S H A P E participant s (d ' 
= 2.16)(Tukey ,  al lp<.05) . 

Thes e dat a demonstrat e tha t  categorizatio n expertis e wit h 
a diagnosti c dimensio n i n th e T E X T U R E grou p enhance s 
th e discriminability ,  an d therefor e th e perceptua l  availabil -

it y  o f  it s  points .  Thi s support s th e ide a tha t  th e perceptio n 
of  dimensiona l  point s flexibilit y  changes  wit h percepUaa l 
expertise .  However ,  eve n whe n peopl e wer e expert s wit h 

textura l  information ,  it s  perceptio n wa s stil l  mor e re-
stricte d tha n tha t  o f  shap e an d color ,  limitin g th e influenc e 
diagnosticit y exerte d o n th e perceptio n o f  thi s dimension . 

The dat a als o revea l  somethin g unexpected :  Participant s 
traine d o n colo r  discriminate d texture s a s wel l  a s thos e 
traine d o n textures ,  eve n thoug h th e forme r  wer e neve r 

explicitl y  require d t o categoriz e textures .  I t  shoul d b e note d 
tha t  colo r  an d textur e ar e tw o characteristic s o f  object s 
surfaces .  Categorizatio n trainin g o n on e surfac e dimensio n 
(here ,  color )  coul d se t  perceptua l  system s t o tun e t o differ -
ence s alon g anothe r  dimensio n (here ,  texture )  tha t  i s  als o 
characteristi c o f  th e surface .  Th e diagnosticit y o f  specifi c 

dimensiona l  value s coul d the n caus e a  genera l  perceptua l 

change ;  on e tha t  affect s th e globa l  setting s o f  perceptua l 
systems ,  rathe r  tha n th e detectio n threshold s o f  a  subse t  o f 
learne d dimensiona l  values . 

I n sum ,  Experimen t  2  se t  ou t  t o investigat e whethe r  th e 

perceptua l  availabilit y  o f  objec t  dimension s wa s fixed,  o r 

whethe r  i t  coul d chang e wit h th e diagnosticit y o f  a  dimen -

sion .  Th e outcom e wa s tha t  th e perceptio n o f  texture s wa s 

enhance d fo r  participant s traine d o n color s an d textures . 

However ,  th e overal l  salienc e o f  textur e wa s stil l  lowe r 

tha n tha t  o f  shap e an d color ,  limitin g th e impac t  diagnos -

ticit y migh t  hav e o n th e perceptio n o f  dimensions . 

General Discussion 

The goa l  o f  thi s pape r  wa s t o provid e a  framewor k 

whithi n whic h t o stud y dimensio n perceptio n (a s oppose d 

t o dimensio n usage) .  W e propose d tha t  judgment s o f 

physica l  identit y woul d ta p int o dimensio n perception .  I n 

Experimen t  1  thes e reveale d tha t  shap e wa s availabl e be -

for e colo r  befor e texture .  Experimen t  2  showe d tha t  th e 

perceptio n o f  textur e coul d partiall y  depen d o n perceptua l 
expertis e wit h thi s dimension ,  bu t  als o tha t  ther e wa s a 

"lowe r  limit "  o n performance :  Perceptua l  learnin g onl y 

enhance d discriminability ,  whic h wa s alway s wors e wit h 

textur e tha n wit h shape . 

Thes e result s rais e th e interestin g possibilit y  tha t  th e 

exten t  t o whic h a  particula r  stimulu s dimensio n i s avail -
abl e fo r  object ,  fac e an d scen e recognitio n task s depend s o n 

th e perceptua l  experienc e o f  th e categorize r  wit h thi s di -

mension .  Thi s i s a n interestin g implicatio n t o pursu e 

experimentally . 
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