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Abstrac t 

In the first experiment, participants learned an easy rule that 
allowe d perfec t  categorizatio n tha t  the y ha d t o automate . 
Durin g learning ,  a  ne w ancillar y dimensio n wa s 
systematicall y associate d wit h th e definin g featur e o f  eac h 
category .  I n th e tes t  phase ,  item s i n whic h th e associatio n 
create d durin g learnin g wa s broke n wer e categorize d mor e 
slowl y tha n thos e i n whic h th e associatio n wa s present , 
eve n fo r  participant s wh o di d no t  notic e th e association . 
However ,  whe n th e category-definin g an d th e ancillar y 
feature s wer e reverse d i n a  secon d experiment ,  w e di d no t  ge t 
th e anticipate d results :  ther e wa s n o effec t  o f  th e implici t 
associatio n create d durin g th e learnin g phase .  Result s ar e 
explaine d i n term s o f  dependencie s betwee n propertie s 
durin g processing .  I t  i s  argue d tha t  similarit y t o previou s 
exemplar s doe s no t  explai n th e result s obtaine d here . 

I n t r o d u c t i o n 

W h en peopl e ar e confronte d wit h n e w stimuli ,  the y ca n 
acquir e knowledg e tha t  enable s the m t o categoriz e th e 
stimul i  o n th e basi s o f  features .  I n thes e situations ,  peopl e 
attemp t  t o buil d a  vocabular y o f  feature s an d a  rul e (o r  rules ) 
constructe d fro m thi s vocabular y (Thibau t  &  Schyns ,  1995) . 
Once peopl e k n o w th e rule ,  i.e .  th e particula r  se t  o f  relevan t 
properties ,  whateve r  it s structur e migh t  b e define d wit h 
necessar y an d sufficien t  feature s o r  constitutin g wha t  ha s 
been calle d a  famil y resemblanc e structur e - ,  the y ca n lear n 
t o appl y i t  properly . 

What  doe s i t  m e a n t o appl y a  rule ? I n mos t  categor y 
learnin g experiments ,  i t  ha s t o do ,  a t  th e ver y least ,  wit h 
accuracy ,  correc t  generalization ,  an d speed .  I n traditiona l 
approache s t o categorization ,  th e contro l  o f  th e structur e o f 
th e stimul i  presente d t o participant s an d th e w a y participant s 
generaliz e t o n e w stimuli ,  enable s th e experimente r  t o deriv e 
model s o f  th e representatio n o f  concept s and ,  i n particular , 
th e weightin g o f  th e variou s dimension s o f  concept s (se e 
Nosofsky ,  1992 ,  fo r  a  review) ,  i.e .  th e attentio n pai d t o eac h 
dimensio n constitutin g th e stimuli . 

What  doe s i t  m e a n t o pa y attentio n t o a  particula r 
dimensio n i n categorization ? O n e possibl e meanin g i s that , 
durin g learning ,  participant s explicitl y  notice d tha t  a 
dimensio n o r  a  se t  o f  dimension s i n a  stimulu s i s a  relevan t 
cue fo r  categorization .  Thi s constitute s a  rul e fo r 
categorizatio n and ,  wit h practice ,  applicatio n o f  th e rul e 

becomes automated ,  i.e. ,  relyin g o n th e explici t 
dimension(s )  consume s fewe r  processin g resources .  O n thi s 
view ,  categor y learnin g start s b y noticin g th e associatio n 
betwee n a  dimensio n (o r  a  se t  o f  dimensions )  an d a  category . 
O ne doe s no t  normall y conside r  th e possibl e influenc e o n 
categorizatio n o f  characteristic s o f  th e stimul i  tha t  hav e no t 
bee n explicitl y  noticed . 

On th e othe r  hand ,  implici t  learnin g studie s hav e s h o w n 
tha t  characteristic s o f  stimul i  participant s ar e unabl e t o 
verbaliz e see m t o contribut e t o thei r  performanc e i n th e tas k 
(o r  wha t  the y sa y explicit y doe s no t  accoun t  fo r  thei r 
behavio r  i n th e task ,  se e Cleeremans ,  1993 ;  Reber ,  1993 ; 
Berr y &  Dienes ,  199 3 fo r  reviews) . 

I n mos t  implici t  learnin g experiments ,  th e rul e tha t  woul d 
produc e perfec t  contro l  o f  th e tas k i s s o comple x tha t 
participant s neve r  find  i t  o r  ar e unabl e t o explici t  i t  (se e 
Berr y &  Dienes ,  1993 ,  fo r  review) .  T h e questio n o f  whic h 
propertie s o f  th e stimul i  ar e encode d implicitl y  remain s ope n 
(excep t  i f  on e denie s th e existenc e o f  implici t  representation s 
an d argue s fo r  explici t  representations ,  Perruche t  &  Pacteau , 
1990 ,  se e als o Shank s &  Saint-John ,  1994) .  Implici t 
learnin g ha s bee n define d a s bein g "associate d wit h incidenta l 
learnin g condition s rathe r  tha n deliberat e hypothesi s testing " 
(Berr y &  Dienes ,  1993 ,  p .  14) .  Haye s an d Broadben t  (1988 ) 
defin e implici t  learnin g a s a n "unselectiv e an d passiv e 
aggregatio n o f  informatio n abou t  th e co-occurenc e o f 
environmenta l  event s an d features. "  Implici t  learnin g shoul d 
be particularl y goo d a t  discoverin g nonsalien t  covarianc e 
betwee n th e variable s definin g th e task . 

W h at  kin d o f  propertie s ar e use d durin g a  categorizatio n 
task ? Th e prevalen t  vie w i n categor y learnin g i s tha t  peopl e 
us e propertie s the y hav e notice d an d referenc e i s  frequentl y 
made t o attentiona l  weightin g o f  properties ,  an d s o on .  I n 
th e field  o f  implici t  learning ,  give n th e complexitie s o f  th e 
situations ,  i t  i s  no t  alway s eas y t o k n o w wha t  propertie s o f 
th e stimul i  ar e reall y encode d an d use d b y th e participant s 
(par t  o f  th e debat e i n th e fiel d i s devote d t o thi s issue ;  se e th e 
debat e betwee n Shank s &  Saint-John ,  Perruchet ,  etc. ,  an d 
Reber ,  Lewicki ,  an d thei r  colleagues) . 

I n th e followin g experiments ,  w e wil l  addres s th e proble m 
of  th e propertie s tha t  contro l  classificatio n i n a 
categorizatio n task ,  especiall y propertie s associate d 
implicitl y  wit h a n explici t  simpl e rul e o f  categorization .  W e 
designe d a  categor y learnin g tas k i n whic h participant s wer e 
expecte d t o lear n a n explici t  rul e fo r  categorizatio n an d t o 
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automat e i t  throug h extensiv e training .  Durin g learning , 
the y ha d t o discove r  th e rul e fo r  categorizatio n fo r  a  se t  o f 
unknow n stimul i  wit h tw o differen t  arrangement s o f  fou r 
leg s (th e rul e wa s define d a s a  grou p o f  1+ 3 leg s fo r  on e 
categor y an d 2+ 2 fo r  th e othe r  category ,  se e figur e 1) .  Th e 

structur e o f  th e categorie s wa s conceive d i n suc h a  wa y tha t 
apar t  fro m thi s rul e (1- 3 vs .  2-2) ,  ther e wa s n o othe r 
characteristi c o f  th e stimul i  usabl e a s a  perfec t  rul e fo r 
categorization .  Durin g th e secon d phas e o f  training , 
participant s wer e require d t o categoriz e th e stimul i  accordin g 
t o th e rul e learne d durin g th e firs t  phas e a s quickl y a s 
possible .  Thi s phas e wa s intende d t o automat e th e explici t 
rule .  However ,  i n eac h category ,  a  dimensio n perfectl y 
correlate d wit h th e definin g explici t  dimensio n o f  th e 
categor y wa s introduce d (e.g. ,  al l  th e stimul i  o f  th e categor y 
1- 3 wer e rounde d wherea s 2- 2 stimul i  wer e elongated) .  I n th e 
tes t  phase ,  w e compare d th e classificatio n reactio n time s fo r 
stimul i  i n whic h th e explici t  dimensio n definin g a  categor y 
was associate d wit h th e dimensio n introduce d i n th e secon d 
phas e (th e associatio n phase )  (i.e. ,  1- 3 an d rounded ,  2- 2 an d 
elongated ;  thos e wer e calle d congruen t  stimuli )  wit h reactio n 
time s fo r  stimul i  tha t  violate d thi s associatio n (i.e. ,  1- 3 an d 
elongated ,  2- 2 an d rounded ,  thes e wer e calle d contradictor y 

stimuli) . 
Sinc e th e rul e (1- 3 vs .  2-2 )  wa s a  perfec t  cu e fo r 

categorizatio n an d sinc e participant s ha d automate d i t  durin g 
th e associatio n phase ,  on e woul d exjjec t  participant s t o 
extrac t  th e rul e equall y wel l  fro m eithe r  congruen t  o r 
contradictor y stimuli ,  specificall y becaus e th e associate d 
propertie s -rounde d an d elongated- -  d o no t  affec t  th e rule .  I n 
particular ,  thi s shoul d b e tru e fo r  participant s w h o di d no t 
notic e th e associatio n betwee n th e explici t  cue s an d th e 
associate d features .  I n addition ,  participant s w h o notice d th e 
associatio n betwee n th e explici t  cue s an d th e associate d 
dimensio n durin g th e secon d phas e shoul d b e slowe r  fo r  th e 
contradictor y stimuli .  Previou s researc h (Miller ,  1987 ;  Alle n 
& Brooks ,  1991 )  hav e show n tha t  irrelevan t  informatio n 
influence s th e us e o f  relevan t  informatio n i n categorization . 
Thoug h thei r  experimenta l  paradigm s wer e different ,  on e 
woul d predic t  tha t  contradictor y stimul i  wil l  b e categorize d 
mor e slowl y tha n congruen t  stimuli . 

Experiment 1 

Methods 

Participants .  Thirty-thre e undergraduate s fro m th e 
Universit y o f  Lieg e wer e volunteer s fo r  th e experiment . 

Material. Two categories of unknown stimuli composed of 

fou r  connecte d appendages ,  calle d "legs" ,  wer e constructed . 

The spafia l  layou t  o f  th e leg s distinguishe d th e tw o 

categories .  Stimul i  i n categor y A  ha d on e le g o n th e lef t  an d 

thre e leg s o n th e right  (1-3) ,  an d thos e i n categor y B  ha d tw o 

set s o f  tw o leg s (2-2 )  (Figur e 1) .  Participant s ha d t o lea m 

thi s distinctio n betwee n th e tw o categorie s (1- 3 versu s 2-2 ) 
i n orde r  t o categoriz e al l  th e stimul i  appropriately .  A 

primar y se t  o f  stimul i  wa s constructed ,  compose d o f  1- 3 an d 

2- 2 stimul i  calle d th e neutra l  stimuli .  Thes e stimul i  wer e 

the n transforme d wit h th e "spherize "  functio n o f  th e Adob e 

Photosho p software .  I n on e cas e a  positiv e spherizatio n wa s 

applie d an d i n th e othe r  cas e a  negativ e spherization .  I n th e 

latte r  case ,  heigh t  o f  th e stimul i  wa s multiplie d b y 1.25 . 

The "sherize "  functio n wa s applie d t o eac h stimulu s take n a s 

a whol e an d no t  t o part s take n separately .  Th e positiv e 

transformatio n resulte d i n stimul i  tha t  wer e perceive d a s 

more rounde d tha n th e neutral ,  th e negativ e wer e perceive d a s 

more angula r  an d verticall y elongate d tha n th e neutral .  I n th e 

learnin g phase ,  eac h categor y wa s compose d o f  te n stimuli : 

categor y A  (1-3) ,  si x  rounde d stimuli ,  thre e neutra l  an d on e 

angular-elongated ;  categor y B  (2-2) ,  si x  angular-elongate d 

stimuli ,  thre e neutra l  an d on e rounded .  Since ,  i n thi s phase , 

participant s ha d t o discove r  th e explici t  rul e fo r 

categorization ,  neutra l  an d angula r  stimul i  wer e adde d t o 

preven t  the m fro m usin g rounde d versu s angula r  a s th e 

explici t  rule . 
Keepin g i n min d tha t  th e purpos e o f  th e experimen t  wa s 

t o creat e a n associatio n betwee n a n explici t  rul e an d anothe r 
characteristi c o f  th e stimuli ,  i n th e associatio n phase ,  i t  wa s 
decide d tha t  participant s woul d hav e t o lea m th e associatio n 
betwee n 1- 3 an d a  rounde d shap e (positiv e spherization )  an d 
betwee n 2- 2 an d a n angula r  shap e (negativ e spherization) .  I n 
th e associatio n phase ,  th e si x 1- 3 rounde d stimul i  an d th e si x 
2- 2 angula r  stimul i  fro m th e learnin g phas e wer e presented . 
The ai m o f  thi s phas e wa s t o creat e a n associatio n betwee n 

( 7 W ^ f m 

•  • 3 congruen t  1- 3 Contradictor y 

Category A 

1- 3 Neutra l 

r ^  i g T T v 

2-2 congruen t 2- 2 Contradictor y 

Category B 

2- 2 Neutra l 

Figur e 1  :  th e thre e type s o f  stimul i  fo r  th e learnin g phase . 
Durin g th e associatio n phase ,  onl y congruen t  stimul i  wer e 

used . 

1-3 and rounded on the one hand, and 2-2 and angular on the 
other .  I n th e tes t  phase ,  3 0 ne w stimul i  wer e presented :  five 
1- 3 rounde d stimul i  an d five  2- 2 angular-elongate d (sinc e 
thes e stimul i  displa y th e associatio n create d i n th e 
associatio n phase ,  the y ar e calle d congruen t  stimuli) ;  five  1 -
3 angular-elongate d stimul i  an d five  2- 2 rounde d stimul i 
(thes e stimul i  contradic t  th e associatio n create d an d ar e 
therefor e b e calle d contradictory) ;  five  1- 3 an d five  2- 2 
neutra l  stimuli . 
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Procedure .  Participant s wer e seate d a t  approximatel y 5 0 
c m i n fron t  o f  a  compute r  screen .  Th e compute r  recorded  th e 
tim e elapse d fro m th e presentatio n o f  a  stimulu s t o th e 
categorizatio n o f  th e stimulus .  Th e experimen t  wa s 
compose d o f  thre e phases :  a  learnin g phase ,  a n associatio n 
phase ,  an d a  tes t  phase . 
Learnin g phase .  Participant s wer e tol d tha t  the y woul d hav e 
t o lear n t o classif y a  se t  o f  stimul i  int o tw o categories .  Th e 
stimul i  wer e displaye d unti l  th e participant s responded .  A 
first  stimulu s wa s presente d t o th e participan t  w h o ha d t o 
gues s it s categor y name .  The y wer e aske d t o pres s th e ke y 
correspondin g t o on e category .  Feedbac k wa s provide d abou t 
th e accurac y o f  th e answer .  Th e secon d stimulu s wa s 
presente d i n th e sam e way ,  an d s o forth ,  fo r  th e othe r 
stimuli .  Feedbac k wa s provide d fo r  eac h stimulus .  Th e orde r 
of  presentatio n o f  th e stimul i  wa s random .  Onc e th e entir e 
set  ha d bee n presente d t o th e participant ,  i t  wa s presente d a 
secon d time ,  a  thir d time ,  etc .  Th e learnin g phas e ende d 
when th e participan t  mad e n o mistake s durin g tw o 
successiv e presentation s o f  th e se t  o f  th e stimuli . 
Associatio n phase .  I n thi s phase ,  congruen t  stimul i  wer e 
presente d fo r  15 0 ms .  Th e entir e se t  wa s presente d te n times . 
Participant s wer e instructe d t o classif y th e stimul i  a s quickl y 
as possibl e withou t  sacrificin g accuracy .  Feedbac k wa s 
provide d afte r  eac h stimulu s presentation . 
Test  phase .  Participant s wer e presente d wit h th e 3 0 tes t 
stimul i  twice ,  eac h stimulu s presente d fo r  15 0 ms .  Again , 
the y ha d t o categoriz e al l  stimul i  a s fas t  a s possible .  Ther e 
was n o feedback . 

At  th e en d o f  th e experiment ,  th e experimente r  aske d 
participant s question s abou t  th e structur e o f  th e stimuli .  Th e 
purpos e o f  thes e question s wa s t o asses s whethe r  the y 
notice d th e associatio n "1- 3 an d rounded "  an d "2- 2 an d 
elongated. "  I n order ,  t o avoi d question s tha t  di d no t  addres s 
th e informatio n the y ha d encoded ,  w e starte d wit h th e 
participant s descriptio n o f  th e stimuli .  Question s wer e 
formulate d i n term s o f  participants '  descriptor s an d addresse d 
th e associatio n betwee n th e differen t  dimension s an d th e 
categorie s explicitl y  i n th e followin g way .  Durin g th e 
associatio n phase ,  "di d yo u se e 1- 3 rounde d an d 2- 2 elongate d 
and/o r  mor e angula r  stimuli ,  o r  di d yo u se e 1- 3 elongate d 
and/o r  mor e angula r  stimul i  an d 2- 2 rounde d stimuli ,  o r  th e 
same numbe r  o f  rounde d an d elongate d stimul i  i n th e tw o 
categories" .  Wit h suc h a  procedure ,  w e addresse d explicitl y 
th e associatio n betwee n th e relevan t  feature s i n ou r  tas k (1-3 , 
2-2 ,  rounded ,  an d elongated) . 

Results and discussion 

Sinc e w e wante d t o kno w whethe r  participant s w h o di d no t 
notic e th e associatio n betwee n th e 1- 3 wit h rounde d an d 2- 2 
wit h elongate d woul d b e influence d b y thi s association ,  w e 
separate d thos e participant s fro m participant s w h o notice d 
th e association .  A  first  2 x 2 Anov a wit h Typ e o f  stimul i 
(congruen t  vs .  contradictory )  an d Categor y (1- 3 vs .  2-2 )  a s 
repeated  measur e variable s wa s carrie d ou t  o n th e reactio n 
time s obtaine d fo r  th e twent y participant s w h o di d no t  notic e 
th e associatio n betwee n th e explici t  rul e (1- 3 vs .  2-2 )  an d th e 
associate d dimensio n (rounde d vs .  elongated) .  Ther e wa s a 
mai n effec t  o f  Typ e o f  stimuli :  F(1.19 )  =  9.82 ,  p  <  .0 1 

(congruent :  X  =  35 8 ms ,  contradictory :  X  =  41 7 ms) .  Ther e 

was n o mai n effec t  o f  Categor y an d n o interaction . 
A secon d A N O V A wit h Typ e o f  stimul i  an d Categor y a s 

repeated  measur e variable s wa s carrie d ou t  o n th e reactio n 
time s obtaine d b y th e 1 3 participant s w h o notice d th e 
association .  Again ,  congruen t  stimul i  wer e responded  faste r 
tha n contradictor y stimul i  (congruent ,  X  =  33 7 m s , 

contradictory, X =  41 4 ms) ,  F(l,12 )  =  9.67 ,  p  <  .01 .  Ther e 

was n o mai n effec t  o f  categor y an d n o Typ e o f  stimuli -
Categor y interaction . 

A 2  X  2  mixe d Anov a wit h Typ e o f  stimul i  an d 
Participant s (associatio n notice d vs .  associatio n no t  noticed ) 
wit h repeate d measur e o n Typ e o f  stimul i  reveale d tha t  ther e 
was n o mai n effec t  o f  Participant s an d n o Typ e o f  stimul i  x 
Participant s interaction . 

To summariz e s o far ,  th e result s sho w tha t  th e tw o group s 
of  participant s wer e slowe r  fo r  th e contradictor y tha n fo r  th e 
congruen t  items .  Thi s mean s tha t  eve n whe n the y ha d no t 
notice d th e associatio n betwee n th e rul e (1-3 ,  2-2 )  an d th e 
associate d feature s (rounde d o r  elongated ,  respectively) , 
participant s nevertheles s associate d the m durin g learning , 
eve n thoug h th e rul e wa s eas y t o manipulate ,  ha d n o 
exception ,  an d tha t  wa s eas y t o automate . 

Befor e w e discus s thes e result s mor e thoroughly ,  w e wil l 
presen t  a  secon d experimen t  whic h i s th e sam e a s th e first 
but  i n whic h th e rule-definin g an d associate d feature s ar e 
reversed .  Participant s learne d th e explici t  rul e "rounde d shap e 
versu s elongate d shape "  i n th e first  phas e an d automate d i t  i n 
th e secon d (association )  phase .  I n thi s experiment ,  th e 
associate d feature s introduce d systematicall y i n th e 
associatio n phas e wer e 1- 3 an d 2-2 . 

Experiment 2 

Give n th e result s o f  th e first  experiment ,  w e expecte d a 
significan t  differenc e betwee n th e congruen t  an d th e 
contradictor y stimuli . 

Methods 

Participants .  Eightee n undergraduate s fro m th e Universit y 
of  Liege . 

Material. Category A consisted of rounded stimuli and 
categor y B  o f  elongate d stimuli .  I n th e learnin g phase , 
categor y A  wa s compose d o f  6  rounde d stimul i  wit h 1- 3 leg s 
(congruent) ,  3  neutra l  (th e spac e betwee n th e leg s wa s 
uniform) ,  an d 1  contradictor y stimulu s (rounde d wit h 2- 2 
legs) ;  categor y B  wa s compose d o f  6  angular-elongate d 
stimul i  wit h 2- 2 leg s (congruent) ,  3  neutra l  stimul i  an d 1 
contradictor y (angular-elongate d wit h 1- 3 legs) .  I n th e 
associatio n phase ,  onl y th e congruen t  stimul i  wer e 
presented .  I n th e tes t  phase ,  1 0 ne w congruen t  an d 1 0 ne w 
contradictor y stimul i  wer e presented .  Not e that ,  apar t  fro m 
th e neutra l  stimuli ,  al l  th e stimul i  wer e thos e presente d i n 
th e first  experiment . 

Procedure. The instructions were the same as in the 
previou s experiment .  Recal l  tha t  i n thi s experiment ,  th e rul e 
was rounde d vs .  elongate d an d th e associate d dimensio n wa s 
1- 3 vs .  2-2 . 
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R e s u l t s 
A first  2 x 2 A n o v a wit h Typ e o f  stimul i  (congruen t  vs . 
contradictory )  an d Categor y (rounde d vs .  angular )  a s repeate d 
measur e variable s w a s carrie d ou t  o n th e reactio n time s 
obtaine d fo r  th e 1 5 participant s w h o di d no t  notic e th e 
associatio n betwee n th e explici t  rul e (rounde d vs .  angular ) 
and th e associate d dimensio n (1- 3 vs .  2-2) .  Ther e wa s n o 
mai n effec t  o f  Typ e o f  stimuli :  F(l,14 )  =  0.17 .  p  >  .5 ; 

congruent :  X  =  31 8 m s ,  contradictory :  X  =  32 4 m s .  Ther e 

was n o effec t  o f  Categor y an d n o interactio n betwee n Typ e 
of  stimul i  an d Category .  W e di d no t  carr y ou t  th e analysi s 
o n th e thre e participant s w h o notice d th e association . 
Compar iso n betwee n Experimen t  1  an d Experimen t  2 .  I n 
orde r  t o compar e th e result s obtaine d i n th e 2  experiments , 
we analyze d th e differenc e betwee n congruen t  an d 
contradictor y stimul i  i n th e 2  experiments .  A  t  tes t  n:veale d 
tha t  th e differenc e betwee n congruen t  an d contradictor y 
stimul i  i n experimen t  1  wa s significantl y greate r  tha n th e 
equivalen t  differenc e i n experimen t  2  :  t(33 )  =  2.22 ,  p  <  .05 . 
(Experimen t  1 ,  X  =  5 9 m s ;  Experimen t  2 ,  X  =  6  m s ) . 

Discussion 

T h e mai n resul t  o f  th e first  experimen t  i s tha t  th e decisio n 
reactio n tim e wa s influence d b y th e additio n t o th e stimul i  o f 
certai n (ancillary )  characteristic s tha t  wer e associate d wit h th e 
explicit ,  rule-definin g characteristics .  Th e additio n o f  thes e 
associate d feature s increase d reactio n tim e eve n fo r 
participant s w h o di d no t  notic e th e associatio n betwee n th e 
rul e an d th e additiona l  characteristic s o f  th e stimuli .  I f  on e 
consider s onl y th e propertie s o f  th e rul e -automate d durin g 
th e associatio n phas e an d eas y t o apply-- ,  thi s resul t  i s 
unexpecte d sinc e th e associatio n phas e shoul d allo w 
participant s t o lear n t o extrac t  th e relevan t  informatio n an d 
t o filter  ou t  th e irrelevan t  dimensions . 

However ,  contrar y t o experimen t  1  -  an d quit e 
unexpectedl y - ,  ther e wa s n o differenc e betwee n congruen t 
and contradictor y stimul i  i n experimen t  2 .  Thi s i s 
particularl y intriguin g becaus e th e onl y differenc e i n th e tw o 
experiment s i s tha t  th e rule-definin g an d associate d 
(ancillary )  feature s o f  th e first  experimen t  ar e switche d i n th e 
secon d experiment .  Bu t  i n thi s latte r  experiment ,  th e 
interferenc e effec t  o f  th e associate d characteristic s o n th e rule -
definin g characteristic s tha t  wa s observe d i n th e first 
experimen t  disappears . 

T h e explanatio n fo r  thi s probabl y lie s i n th e abstractio n 
proces s itsel f  an d i n th e characteristic s o f  th e stimul i  t o 
whic h participant s pa y attentio n durin g th e associatio n 
phase .  W e wil l  first  discus s th e implici t  associatio n create d 
betwee n th e rul e an d othe r  systemati c propertie s o f  th e 
stimuli .  The n w e wil l  analyz e th e absenc e o f  a  simila r  resul t 
i n th e secon d experiment . 

T h e basi c ide a i s tha t  th e definin g feature s (1- 3 an d 2- 2 
grouping s o f  leg s i n th e first  experiment ;  rounde d an d 
elongate d i n th e secon d experiment )  ar e aspect s o f  th e 
stimul i  tha t  ar e no t  independen t  o f  th e othe r  feature s o f  th e 
stimuli .  W h e n a  particula r  dimensio n o f  a  stimulu s i s 
focuse d on ,  othe r  propertie s o f  th e stimulu s ar e als o 
processed .  Fo r  example ,  t o distinguis h a  1- 3 stimulu s fro m a 
2-2 ,  on e ha s t o find  th e locatio n o f  th e larges t  spac e betwee n 
th e legs .  Thi s spac e doe s no t  exis t  independentl y o f  th e leg s 

and ,  therefore ,  on e mus t  loo k a t  th e leg s themselves ,  alon g 
wit h thei r  characteristics ,  whic h includ e othe r  dimensions , 
suc h a s size ,  orientation ,  elongation ,  roundness ,  thicknes s o f 
th e lines ,  an d s o on .  I n ou r  experiments ,  th e stimul i  wer e 
designe d i n suc h a  wa y tha t  a  numbe r  o f  characteristic s wer e 
systematicall y associate d wit h eac h rule-definin g featur e (se e 
material) . 

I n orde r  t o understan d th e asymmetr y betwee n experiment s 
I  an d 2 ,  w e hypothesize d tha t  associate d propertie s wer e 
processe d differentl y i n th e 2  experiments .  M o r e precisely , 
th e ancillar y propertie s associate d wit h th e rule-definin g 

feature s ar e no t  encode d i n th e sam e wa y i n th e tw o 
experiments .  I n th e first  experiment ,  i t  seem s likel y tha t  th e 
processin g o f  th e rule-definin g feature s als o necessaril y 
involve s som e degre e o f  processin g o f  th e associate d 
features .  This ,  however ,  i s  no t  th e cas e i n th e secon d 
experiment . 

T o se e this ,  conside r  th e first  experiment .  Th e differenc e 
betwee n 1- 3 an d 2- 2 stimul i  depend s o n th e locatio n o f  th e 
space .  I n orde r  t o locat e th e space ,  on e ha s t o loo k a t  (an d 
therefor e process )  th e informatio n abou t  th e leg s becaus e th e 
spac e i s define d i n term s o f  th e legs .  Sinc e i n th e 1- 3 
configuration ,  th e leg s ar e rounde d an d i n th e 2- 2 
configuratio n th e leg s ar e elongate d an d straight ,  th e 
differenc e betwee n 1- 3 an d 2- 2 stimul i  wil l  als o includ e 
informatio n abou t  th e associate d roundnes s an d elongation . 
N o w compar e thi s t o th e secon d experiment .  I n orde r  t o 
identif y a  stimulu s a s rounde d o r  elongate d (th e rule-definin g 
featur e i n thi s experiment) ,  on e doe s no t  nee d t o proces s th e 
spatia l  orderin g o f  th e leg s o f  th e stimuli .  I n fact ,  'elongate d 
and angular "  o r  "rounded "  ar e globa l  propertie s o f  th e stimul i 
tha t  d o no t  nee d a  loca l  analysi s t o b e identified .  I n othe r 
words ,  on e ca n identif y th e rule-definin g feature s i n thi s cas e 
withou t  eve r  lookin g a t  th e locatio n o f  th e larges t  spac e o f 
th e leg s (firs t  an d secon d legs ,  o r  secon d an d thir d legs) .  T o 
summarize ,  i n th e first  experiment ,  th e identificatio n o f  th e 
rule-definin g feature s 1- 3 an d 2- 2 necessaril y  involve s th e 
processin g o f  th e propertie s directl y associate d wit h th e legs , 
becaus e i n orde r  t o find  th e locatio n o f  th e larges t  spac e 
betwee n th e legs ,  on e mus t  directl y observ e th e legs .  O n th e 
othe r  hand ,  i n th e secon d experiment ,  th e identificatio n o f 
th e rule-definin g feature s "rounded "  an d "elongated "  doe s no t 
requir e th e processin g o f  th e locatio n o f  th e spac e betwee n 
th e legs . 

H o w ca n w e explai n th e differenc e betwee n congruen t  an d 
contradictor y stimul i  i n thi s ligh t  ?  Durin g th e secon d 
(association )  phase ,  participant s lear n t o locat e th e relevan t 
informatio n o n th e stimul i  a s fas t  a s possible ,  i.e .  t o extrac t 
th e relevan t  informatio n fro m th e othe r  feature s o f  th e 
stimuli .  Durin g thi s phase ,  th e attentiona l  syste m become s 
mor e efficien t  a t  extractin g th e definin g featur e o f  eac h 
categor y fro m th e othe r  features .  A t  th e en d o f  thi s phase , 
th e feature s associate d b y th e experimente r  wit h th e definin g 
feature s ar e encode d an d pla y th e rol e o f  a  correlate d cu e fo r 
th e perceptua l  system .  I n th e tes t  phase ,  participant s ar e 
show n contradictor y stimul i  i n whic h th e rule-definin g 
featur e o f  categor y A  (categor y B )  i s presente d alon g wit h th e 
ancillar y featur e previousl y associate d (durin g th e associatio n 
phase )  wit h th e rule-definin g featur e o f  categor y B  (categor y 
A ) .  I n th e contex t  o f  thi s contradictor y evidence ,  participant s 
answe r  mor e slowly . 
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I n experimen t  2 ,  however ,  w e sugges t  tha t  th e 1- 3 an d 2- 2 
leg-groupin g featur e wa s no t  encode d whe n participant s 
looke d fo r  th e definin g feature s "rounded "  an d "elongated" . 
Consequently ,  thes e feature s di d no t  influenc e thei r 
performance .  W e ar e currentl y runnin g experiment s t o furthe r 

examin e thi s hypothesis .  Not e tha t  w e hav e replicate d th e 
result s fro m thes e tw o experiment s i n somewha t  differen t 
experimenta l  context s o r  wit h transforme d stimuli . 

The differenc e betwee n congruen t  an d contradictor y stimul i 
i n experimen t  1  ca n b e interprete d a s a  cas e o f  interference . 
Our  "microdevelopmental "  approac h i s interestin g becaus e i t 
investigate s th e emergenc e o f  a n associatio n betwee n 
propertie s o f  stimul i  an d th e origi n o f  interference .  Th e 
absenc e o f  suc h a n interferenc e i n experimen t  2  underline s 
th e necessit y o f  studyin g whic h propertie s o f  stimul i  ar e 
processe d whe n on e learn s t o categoriz e them . 

Alle n an d Brook s (1991 )  obtaine d simila r  result s the y 
interprete d differently .  I n thei r  experiment ,  the y use d a n 
additiv e rul e define d i n term s o f  thre e dimensions ,  eac h 
dimensio n assumin g tw o values .  Categorizatio n i n on e o r 
th e othe r  categor y depende d o n th e valu e assume d b y a t  leas t 
tw o o f  th e thre e dimension s (e.g. ,  i n on e experimenta l 
condition ,  tw o o f  th e thre e followin g value s wer e require d fo r 
categorizatio n i n categor y A :  presenc e o f  spots ,  lon g legs ,  o r 
angula r  body) .  Consequently ,  n o singl e valu e o n th e thre e 
relevan t  dimension s wa s perfectl y correlate d wit h eithe r  o f 
th e tw o categories .  I n th e tes t  phase ,  participant s wer e give n 
some stimul i  tha t  wer e simila r  t o on e categor y an d ha d t o b e 
categorize d i n th e sam e categor y (positiv e match )  an d t o 
othe r  stimul i  simila r  t o on e categor y bu t  tha t  ha d t o b e 
categorize d i n th e othe r  categor y (negativ e match) .  Result s 
indicate d tha t  participant s categorize d positiv e matche s faste r 
tha n negativ e matche s an d mad e mor e mistake s fo r  negativ e 
matches .  Alle n an d Brooks '  interpretatio n emphasize d th e 
rol e o f  similarit y o f  tes t  item s t o exemplar s presente d durin g 
learning .  Thei r  interpretatio n ca n als o b e applie d t o ou r  data . 
I n thi s framework ,  th e reactio n time s fo r  ou r  contradictor y 
item s (equivalen t  t o th e negativ e matche s i n Alle n an d 
Brooks' s terminology )  wer e slowe r  becaus e the y wer e les s 
simila r  tha n th e congruen t  tes t  stimul i  (th e positiv e 
matches )  t o th e item s i n th e associatio n phase . 

But  thei r  notio n o f  similarit y t o prio r  exemplar s (Alle n & 
Brooks ,  1991 )  doe s no t  see m abl e t o accoun t  fo r  th e absenc e 
of  differenc e betwee n contradictor y an d congruen t  stimul i  i n 
experimen t  2 .  Accordin g t o Alle n an d Brooks ,  contradictor y 
stimul i  shoul d hav e bee n categorize d mor e slowl y tha n 
congruen t  one s becaus e the y ar e mor e simila r  t o th e stimul i 
of  th e associatio n phase .  T h e proble m wit h Alle n &  Brooks ' 
explanation ,  a t  leas t  i n th e presen t  context ,  i s  tha t  i t  doe s 
not  includ e an y referenc e t o th e wa y stimul i  ar e processed . 
Our  analysi s i s mor e i n lin e wit h th e notio n o f  processin g 
episode s (Jacob y &  Brooks ,  1984) .  However ,  t o hav e som e 
explanator y power ,  thi s notio n mus t  includ e a  discussio n o f 
ho w th e stimul i  ar e processed ,  i n othe r  words ,  i n othe r 
words ,  th e exten t  t o whic h th e processin g o f  on e dimensio n 
(o r  se t  o f  dimensions )  doe s o r  doe s no t  engende r  th e 
processin g o f  othe r  propertie s o f  th e stimuli . 

Anothe r  possibl e explanatio n o f  th e asymmetr y tha t  w e 
observe d betwee n experiment s 1  an d 2  coul d involv e salienc y 
of  dimension s 1- 3 versu s 2-2 ,  o n th e on e hand ,  an d elongate d 
versu s rounded ,  o n th e other .  However ,  suc h a  proposa l  lead s 

t o th e followin g problem .  I t  i s  generall y assume d tha t 
implici t  learnin g deal s wit h non-salien t  aspect s o f  stimul i 
(otherwis e the y woul d b e explicit) .  Suc h a  proposa l  mus t 
assume tha t  th e associatio n betwee n th e explici t  dimension s 
and thei r  correlate d feature s wa s no t  salien t  enoug h t o 
become explici t  i n eithe r  experimen t  A N D tha t  on e o f  th e 
tw o association s wa s mor e salien t  tha n th e other .  Sinc e al l 
th e dimension s coul d b e associate d wit h thei r  respectiv e 
categor y a s a n explici t  rul e b y participant s (1- 3 an d 2- 2 i n 
experimen t  1  an d rounde d an d elongate d i n experimen t  2 ) 
when i t  wa s relevan t  fo r  categorization ,  th e clai m tha t  thes e 
association s wer e mor e o r  les s salien t  w h e n the y wer e no t 
th e rul e t o b e learned ,  (1- 3 an d 2- 2 i n th e secon d experimen t 
and elongate d an d rounde d i n th e first)  seem s unfounded .  W e 
thin k th e explanatio n lie s instea d wit h th e specific s o f  th e 
encodin g an d processin g th e stimul i  tha n wit h genera l 
notion s lik e salienc y o r  similarit y t o previou s exemplars . 

The power of implicit learning. Usually, it is 
claime d tha t  implici t  learnin g i s mor e powerfu l  tha n explici t 
learnin g i n detectin g regularities .  Mos t  experiment s i n 
implici t  learnin g sho w tha t  participant s w h o canno t 
associat e a n explici t  dimensio n t o a  particula r  decisio n ca n 
nevertheles s us e thi s associatio n implicitly .  Her e w e hav e 
th e opposit e situation :  a  dimensio n tha t  i s  discovere d an d 
use d explicitl y  (1- 3 an d 2-2 )  i n on e experimen t  doe s no t 
influenc e reactio n tim e i n anothe r  i n whic h i t  i s 
systematicall y correlate d wit h th e rule-definin g feature . 

Is implicit learning passive? The difference between 
experiment s 1  an d 2  show s that ,  contrar y t o a  prevalen t  vie w 
i n th e field ,  implici t  learnin g i s mor e tha n a n "unselectiv e 
and passiv e aggregatio n o f  informatio n abou t  th e co -
occurrenc e o f  environmenta l  event s an d features "  (Haye s & 
Broadbent ,  1988 ,  p .  251) .  T o emphasiz e ou r  ke y poin t  onc e 
again ,  on e ha s t o understan d th e w a y i n whic h peopl e 
proces s associate d dimension s whe n the y focu s thei r 
attentio n o n particula r  aspect s o f  stimuli .  Surfac e feature s 
tha t  ar e associate d wit h th e rule-definin g features ,  th e feature s 
tha t  ar e explicitl y  focuse d on ,  wil l  nonetheles s b e include d i n 
th e representatio n o f  th e stimul i  an d wil l  influenc e 
participant s i n subsequen t  task s performe d o n simila r  stimul i 
Consequently ,  th e proble m o f  learnin g i s no t  whethe r  o r  no t 
i t  i s  implici t  o r  explici t  but ,  rather ,  t o understan d whic h 
dimension s o f  th e stimul i  ar e processe d b y participants , 
implicitl y  o r  explicitly .  W e agre e wit h Whittlese a an d 
Wrigh t  (1997 )  w h o "argu e tha t  implici t  learnin g i s no t 
qualitativel y differen t  fro m explici t  learning :  i n bot h cases , 
what  i s learne d i s dictate d b y a n interactio n betwee n th e 
structura l  affordance s o f  stimul i  an d th e processin g conducte d 
t o satisf y th e subjects '  curren t  intentions .  (... )  w e suspec t 
tha t  th e intentio n t o proces s th e stimul i  .. .  guide s an d 
constrain s thei r  behavio r  bu t  doe s no t  completel y contro l  it " 
(p .  182) .  I n fact ,  w e thin k that ,  eve n i f  participant s ca n 
describ e th e rul e fo r  categorizatio n explicitl y  an d mentio n 
tha t  the y use d it ,  thi s doe s no t  m e a n tha t  the y reall y use d i t 
or  tha t  the y di d no t  us e othe r  information . 

Categorization under the influence. Our results raise 
th e questio n o f  th e natur e o f  th e rul e use d fo r  categorization . 
I n th e standar d literatur e o n categor y learning ,  a 
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characterizatio n o f  categorizatio n i s tha i  rule s contro l 
behavior .  Wha t  doe s i t  mean ? A n implici t  assumptio n i n th e 

field  seem s t o b e tha t  peopl e kno w th e rul e the y use .  I n 
othe r  words ,  the y compar e a  targe t  stimulu s wit h a  se t  o f 
potentia l  rule s (o r  concepts ,  i.e. ,  set s o f  features )  an d decid e 

t o categoriz e i t  i n on e category .  However ,  ou r  dat a 
(experimen t  1 )  sho w tha t  participants '  descriptio n i s a n 
approximativ e descriptio n o f  wha t  guide s thei r  behavior .  W e 
thin k tha t  thei r  descriptio n i s a t  bes t  correlate d wit h th e 
informatio n tha t  reall y control s fo r  thei r  behavior . 
Complementarily ,  eve n thoug h thei r  descriptio n o f  th e rul e 
fo r  categorizatio n i s perfectl y correlate d wit h thei r 
categorization ,  thi s doe s no t  mea n tha t  the y use d thes e 
informatio n i n orde r  t o categoriz e th e stimuli . 

I n concep t  learning ,  th e importanc e o f  a  dimensio n i n 
categorizatio n i s describe d i n term s o f  th e weightin g o f  th e 
dimension .  Thi s notio n i s suppose d t o mea n tha t  subject s 
pay mor e o r  les s attentio n t o thi s particula r  dimension .  Thi s 
notio n o f  weightin g i s to o genera l  an d canno t  accoun t  fo r  th e 
differenc e betwee n experiment s i  an d 2 .  Th e notio n remain s 
empt y unti l  on e ha s describe d ho w i t  interac t  wit h particula r 
stimuli .  I n othe r  words ,  ou r  result s sho w tha t  a s a  resul t  o f 
th e wa y stimul i  ar e processed ,  dimension s subject s di d no t 
atten d t o explicitl y  influence d categorizatio n o r  not . 
Attentio n doe s no t  see m t o b e a  sufficien t  concep t  t o accoun t 
fo r  wha t  dimension s influenc e categorization . 
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