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Classificatio n an d Prio r  Assumption s abou t  Categor y "Shape" : 

N e w Evidenc e Concernin g Prototyp e an d Exemp la r  Theorie s o f 

Categorizatio n 

Emmanuel  M .  Potho s 
Departmen t  o f  Experimen t  Psycholog y 

Universit y o f  Oxfor d 
Sout h Park s Road ,  0 X 1 3 U D ,  U K . 

p o t h o s @ p s y . o x . a c . u k 

N i c k C h a t e r 
Departmen t  o f  Psycholog y 
Universit y o f  Warwic k 

Coventry ,  C V 4 7 A L ,  U K . 
n . c h a t e r O w a r w i c k . a c . u k 

Abstrac t 

Accordin g t o prototyp e theorie s o f  categorization ,  th e 
cognitiv e syste m make s th e defaul t  assumptio n tha t  a 
category ,  C ,  i s a  roughl y conve x regio n i n a n interna l 
space .  Thi s suggest s tha t  th e defaul t  assumptio n fo r  th e 
"negative "  category ,  not-C ,  shoul d b e th e complemen t  o f 
thi s region—i.e. ,  th e interna l  space ,  minu s a  conve x 
"hole. "  Thes e differen t  prio r  assumption s sugges t 
potentiall y  radicall y differen t  pattern s o f  generalizatio n i n 
categor y learning .  W e sho w experimentall y tha t  suc h 
effect s d o occur .  Thes e result s ar e compatibl e wit h 
prototyp e account s o f  categorization ,  bu t  see m 
incompatibl e wit h exempla r  accounts .  W e conside r 
potentia l  empirica l  extension s o f  thi s research ,  an d it s 
wide r  theoretica l  implications . 

Introduction 

Categor y learnin g firom  example s appear s t o b e o f 
fundamenta l  psychologica l  importance ,  bot h i n learnin g th e 
structur e o f  th e world ,  an d learnin g th e meaning s o f  word s 
whic h refe r  t o tha t  structure .  Learnin g categorie s fro m 
example s i s  a  typ e o f  inductiv e inference .  Tha t  is ,  th e 
cognitiv e syste m mus t  m a k e th e lea p fro m th e finite  se t  o f 
particula r  example s t o a  genera l  characterizatio n whic h 
applie s t o limitles s number s o f  futur e examples .  Bu t 
inductiv e inferenc e i s problemati c becaus e ther e ar e infinitel y 
m a ny genera l  characterization s (correspondin g t o al l  th e 
differen t  way s o f  classifyin g th e unsee n items )  tha t  ar e 
compatibl e wit h th e se t  o f  example s tha t  hav e bee n 
encountere d (e.g. ,  G o o d m a n ,  1954 ,  Watanabe ,  1985) .  H o w 
doe s th e cognitiv e syste m choos e fro m thi s infinit e rang e o f 
alternatives ? 

Al l  solution s t o thi s proble m involv e proposin g som e 
"bias "  i n th e cognitiv e syste m t o favo r  certai n 
generalization s rathe r  tha n others .  Suc h biase s ca n tak e 
variou s form s rangin g fro m stron g nativis m t o stron g 
empiricism .  A t  th e nativis t  extreme ,  th e bia s m a y tak e th e 
for m o f  a  finite  innat e repertoir e o f  prestore d categories — 
the n th e proble m o f  categor y inductio n reduce s t o th e 
proble m o f  decidin g whic h innat e categorie s ar e consisten t 
wit h th e example s encountere d s o fa r  (se e Fodor ,  1980 ; 
Piatelli-Palmerini ,  1989) .  A t  th e empiricis t  extreme ,  th e 
bia s migh t  b e viewe d a s impose d merel y b y genera l 

propertie s o f  th e learnin g mechanism .  Fo r  example , 
exempla r  model s o f  categorizatio n assum e tha t  categor y 
structur e i s  give n b y similarit y comparison s t o th e 
exemplar s encountered .  Therefore ,  th e choic e o f  similarit y 
measure ,  an d h o w i t  i s  use d t o determin e th e regio n o f 
generalization ,  embod y th e bia s i n favo r  o f  a  particula r 
generalizatio n (e.g. ,  Nosofsky ,  1988 ;  Nosofsky ,  1989) . 

Intermediat e betwee n thes e tw o extremes ,  an d th e focu s o f 
thi s paper ,  i s  th e vie w tha t  th e cognitiv e syste m make s prio r 
assumption s abou t  th e "shape "  o f  categorie s i n som e 
interna l  space .  Mos t  notably ,  prototyp e account s assum e 
tha t  categorie s correspon d t o roughl y conve x region s o f 
space ,  wherea s accordin g t o exempla r  model s categorie s ca n 
hav e arbiu-ar y shape s dependin g o n th e location s o f  th e 
example s encountere d i n th e interna l  spac e (mor e formally , 
exempla r  model s ar e non-parametri c categor y boundar y 
estimators ;  se e Ashb y &  Alfonso-Rees e 1995) .  Tha t 
prototyp e theorie s requir e convexit y ca n b e readil y see n b y 
notin g tha t  a  conve x categor y structur e wil l  necessaril y 
includ e al l  measure s o f  centra l  tendenc y tha t  migh t  b e o f 
interest ,  wherea s thi s woul d no t  typicall y th e cas e fo r 
concav e categor y structures .  I n thi s paper ,  w e conside r  th e 
evidenc e tha t  suc h genera l  assumption s abou t  categor y 
"shape "  ar e involve d i n learnin g categorie s fro m exemplars . 
A n y suc h effect s presen t  considerabl e difficultie s fo r 
exempla r  theorie s o f  categorization . 

Th e prototyp e assumptio n tha t  a  category ,  C ,  correspond s 
t o conve x region s i n a n interna l  spac e i s represented  b y th e 
filled  circl e i n Figur e 1 .  I t  follow s tha t  a  categor y not- C 
shoul d b e assume d t o hav e th e shap e o f  th e complementar y 
region ,  show n i n Figur e 2 .  Thi s appear s t o lea d immediatel y 
t o a  paradox .  I f  w e relabe l  not- C a s D ,  the n C  become s not -
D.  Bu t  switchin g t o thes e term s appear s t o revers e th e prio r 
assumption s abou t  categor y structure—no w D  (i.e. ,  not- Q 
i s assume d t o hav e a  conve x shape ,  an d not- D (i.e. ,  C )  th e 
complementar y shape .  But ,  a s note d before ,  an y 
representatio n o f  a  centra !  tendenc y withi n a  categor y 
structur e require s convexit y s o that ,  i n thi s vie w o f 
categorization ,  C  woul d b e a  possibl e categor y whil e D 
woul d not .  Base d o n thi s observaUon ,  i t  seem s reasonabl e t o 
furthe r  sugges t  tha t  th e categorizatio n syste m assume s 
natura l  languag e term s correspon d t o conve x categories ,  an d 
thu s whil e C  i s a  plausibl e natura l  languag e predicate ,  D  i s 
not .  S o th e apparen t  symmetr y betwee n description s i n 
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term s o f  C s t o D s i s illusory ,  i f  on e i s t o maintai n a 
prototype -  drive n vie w o f  categorization' . 

So suppos e tha t  unde r  s o m e circumstances ,  th e 
categorizatio n syste m wil l  adop t  th e prototyp e assumption s 
abou t  categor y structure .  Then ,  describin g a  se t  o f  item s a s 
members o r  non-member s o f  a  categor y shoul d affec t  th e 
directio n o f  generaUzation .  Thi s i s becaus e par t  o f  a 
prototype-base d categorizatio n proces s i s th e presuppositio n 
tha t  categorie s hav e a  conve x spatia l  structure .  Therefore , 
when th e exemplar s ar e presente d a s member s o f  som e 
category ,  generalizatio n woul d exten t  t o th e conve x spac e 
withi n th e boundar y define d b y thes e exemplars .  Crucially , 
when th e sam e item s ar e describe d a s non-member s o f  s o m e 
category ,  th e regio n the y belon g t o woul d b e assume d t o b e 
concave ,  s o tha t  th e directio n o f  generalizatio n woul d b e 
reversed . 

Figure s 3 ,  4 ,  5  an d 6  illustrat e th e abov e points .  Figure s 
3 an d 4  sho w th e sam e se t  o f  exemplars ,  arrange d i n a  circle . 
I n Figur e 3 ,  th e item s ar e labele d a s " C h o m p s "  an d therefor e 
th e categor y woul d b e perceive d a s positive ;  i n Figur e 4 ,  th e 
item s ar e labele d a s " N o n - C h o m p s "  an d th e categor y woul d 
be assume d t o b e negative .  Figure s 3  an d 4  schematicall y 
represen t  th e tw o condition s o f  th e experimen t  tha t  w e repor t 
below .  Crucially ,  generalizatio n t o th e tw o tes t  items ,  on e 
insid e th e circl e an d on e outsid e th e circle ,  i s  predicte d t o b e 
reversed . 

Figure s 5  an d 6  s h o w th e directio n o f  generalizatio n tha t 
correspond s t o th e tw o differen t  way s o f  understandin g th e 
category .  I f  th e categor y i s assume d t o b e positive ,  th e 
regio n o f  generalizatio n wil l  b e convex ,  enclosin g thi s circl e 
of  exemplars .  Thus ,  th e cente r  o f  th e circl e wil l  b e 
considere d a  m e m b e r  o f  th e categor y bu t  no t  a  poin t  fa r  awa y 
fro m th e circl e (se e Figur e 3) .  Conversely ,  i f  th e categor y i s 
perceive d t o b e negative ,  the n th e mos t  natura l  assumptio n 
i s tha t  th e circl e o f  point s li e jus t  outsid e th e boundar y o f 
th e complementar y positiv e categor y (se e Figur e 4)^ .  Thi s 

'  Notic e tha t  prototyp e structur e plausibl y applie s onl y t o 
categorie s whic h includ e a  smal l  proportio n o f  object s tha t  a 
perso n ma y consider .  Thi s i s becaus e a  categor y includin g man y 
thing s wil l  necessaril y  includ e object s whic h ar e s o divers e tha t 
the y canno t  meaningfull y b e associate d wit h th e sam e 
prototyp e representation .  Indeed ,  almos t  al l  lexica l  categories , 
suc h a s dog ,  tabl e an d plan t  appl y t o a  smal l  proportio n o f 
objects ;  fo r  instance ,  ther e ar e man y mor e non-dog s tha n dogs . 
Thus ,  asid e fro m th e "shape "  o f  a  category ,  ther e i s a  relate d 
assumptio n concernin g th e "size "  o f  tha t  category .  Thi s 
correspond s t o th e rarit y assumptio n tha t  ha s prove d importan t 
i n reasonin g researc h (e.g. ,  Oaksfor d &  Chater ,  1994) . 

^  O f  course ,  th e cognitiv e syste m migh t  als o assum e tha t  th e 
complementar y positiv e categor y lie s somewher e outsid e th e 
circl e o f  negativ e exemplars .  I f  th e participant s believ e tha t 
exemplar s ar e bein g chose n i n orde r  t o hel p teac h the m th e 
category ,  ther e may ,  however ,  b e a  presumptio n i n favo r  o f  th e 
assumptio n tha t  th e positiv e categor y i s insid e th e circl e o f 
examples ,  becaus e onl y o n thi s viewpoin t  ar e th e exemplar s 
usefu l  i n constrainin g th e boundarie s o f  th e category .  W e sho w 

reverse s th e patter n o f  generalizatio n o n th e previou s 
assumption :  T h e cente r  o f  th e circl e wil l  b e rejecte d a s a 
categor y m e m b e r ,  an d a  poin t  fa r  awa y fro m th e circl e wil l 
be assume d t o b e a  m e m b e r . 

Figur e 1 .  Prio r  assumptio n abou t  th e shap e o f  a  "positive " 
category . 

Figur e 2 :  Prio r  assumptio n abou t  th e shap e o f  a  "negative " 
category . 

f t 
chomps 

Figur e 3 :  Trainin g example s fo r  a  "positive "  category .  Th e 
exemplars ,  represente d b y filled  blobs ,  ar e labele d "chomps" . 
We assum e tha t  thi s lexicall y simpl e labe l  allow s th e defaul t 

assumptio n tha t  th e categor y i s positive ,  an d thu s ha s a 
conve x structure .  Th e tw o square s correspon d t o tw o crucia l 

tes t  items .  Th e filled  squar e ha s th e sam e categor y a s th e 
filled  blobs ;  th e unfille d squar e ha s th e opposit e category . 

belo w that ,  unde r  som e circumstance s a t  least ,  peopl e d o mak e 
thi s assumption . 
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Figur e 4 :  Trainin g example s fo r  a  "negative "  category .  Th e 
exemplars ,  represente d b y fille d blobs ,  ar e labelle d "non -

chomps. "  W e assum e tha t  thi s labe l  trigger s th e cognitiv e 
syste m t o assum e tha t  th e categor y i s th e complemen t  o f  a 

conve x category .  A s i n Figur e 3 ,  th e tw o square s correspon d 
t o tw o crucia l  tes t  items .  Th e fille d squar e ha s th e sam e 
categor y a s th e fille d blobs ;  th e unfille d squar e ha s th e 

opposit e category .  Th e prediction s abou t  generalizatio n fro m 
thi s categor y ar e th e opposit e o f  thos e predicte d i f  th e 

categor y i s assume d t o b e positiv e (se e Figur e 3) . 

non-chomp s 

Figur e 5 :  Inductio n usin g th e prio r  assumptio n associate d 
wit h a  positiv e category .  Th e filled  blob s represen t 

exemplars .  Th e shade d are a represent s th e regio n whic h i s 
generalize d fro m th e examples .  Th e unfille d squar e represent s 

th e inferre d prototyp e fo r  th e category . 

Figur e 6 :  Inductio n usin g th e prio r  assumptio n associate d 
wit h a  negativ e category .  Th e filled  blob s represen t  th e sam e 

exemplar s a s before .  Th e shade d are a represent s th e regio n 
whic h i s generalize d fro m th e examples .  Th e unfille d squar e 

represent s th e inferre d prototyp e fo r  th e negatio n o f  th e 
category .  Notic e tha t  th e squar e i s therefor e no t  a  m e m b e r  o f 

th e sam e categor y a s th e exemplars . 

So the prototype account of category structure raises the 
possibilit y  tha t  ther e tha t  m a y b e a  reversa l  i n 
generalization ,  dependin g o n whethe r  a  categor y i s assume d 
t o b e positiv e o r  negative .  Notic e tha t  an y suc h effec t 

appear s t o b e beyon d th e scop e o f  a n exemplar-base d accoun t 
of  categorization .  Thi s i s becaus e exempla r  account s d o no t 
m a ke assumption s abou t  categor y structure—the y simpl e 
generaliz e accordin g t o th e similarit y o f  tes t  item s t o th e 
exemplar s alread y presented .  Therefore ,  whethe r  th e categor y 
i s considere d t o b e positiv e o r  negativ e shoul d hav e n o effec t 
on generalization ,  accordin g t o a n exempla r  account . 

Experimental Test 

We presente d a n imaginar y categor y i n a  wa y whic h w e 
hope d woul d encourag e th e cognitiv e syste m toward s 
assumin g a  prototyp e structur e fo r  tha t  category .  W e trie d t o 
bia s subject s toward s presupposin g a n abstrac t  representatio n 
of  th e categor y b y usin g a  simpl e categor y labe l  an d othe r 
experimenta l  manipulations .  O n thes e assumptions ,  w e 
expecte d tha t  th e directio n o f  generalizatio n woul d depen d o n 
whethe r  th e trainin g exemplar s wer e describe d a s bein g 
members o r  non-member s o f  th e category :  Accordin g t o ou r 
theory ,  i n th e forme r  cas e generalizatio n woul d exten d t o a 
conve x regio n i n som e spatia l  representatio n o f  th e items , 
wherea s i n th e latte r  cas e th e directio n o f  generalizatio n 
woul d b e reversed . 

Subjects 

Participant s wer e Universit y o f  Oxfor d student s w h o eithe r 
volunteere d t o participat e o r  wer e pai d on e pound .  Pai d 
subject s participate d i n anothe r  completel y unrelate d 
experiment .  The y wer e al l  naiv e regardin g th e theor y behin d 
thi s experiment . 

Design 

A betwee n subject s randomize d desig n wa s employe d wher e 
i n on e conditio n subject s wer e tol d tha t  th e item s the y sa w 
i n th e trainin g par t  wer e no t  member s o f  a n imaginar y 
categor y (referre d t o a s th e categor y o f  C h o m p s )  whil e i n th e 
othe r  conditio n th e item s i n th e trainin g par t  wer e describe d 
as member s o f  tha t  category .  Te n participant s wer e teste d i n 
eac h condition- ' 

Materials 

Th e stimul i  use d wer e arrangement s o f  littl e blac k square s i n 
a te n b y te n imaginar y gri d s o tha t  abou t  hal f  th e gri d wa s i n 
black .  A  lin e dividin g th e gri d int o tw o halve s wa s a n axi s 
of  symmetr y fo r  th e symmetrica l  stimul i  (bu t  thi s wa s no t 
pointe d ou t  t o th e subjects) .  Th e item s use d i n th e trainin g 
part ,  referre d t o a s nea r  symmetri c pattern s {NS) ,  wer e al l 
nearl y symmetri c bu t  fo r  on e defec t  (tha t  is ,  movin g on e 
blac k squar e i n on e o f  it s  neares t  neighbo r  position s woul d 
make th e patter n perfectl y symmetri c abou t  it s axi s o f 
symmetry) .  Figur e 7  show s a  typica l  A' ^  pattern .  Car e wa s 
take n t o ensur e tha t  th e defect s wer e randoml y distribute d i n 

3 Th e dat a o f  on e subjec t  wer e replaced ;  he r  generalizatio n 
set  include d exemplar s fro m al l  th e type s o f  pattern s w e use d 
so tha t  he r  result s d o no t  bea r  o n th e question s addresse d i n 
thi s experiment . 
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th e fou r  quadrant s o f  th e grid .  I n th e tes t  part ,  ther e wer e 
thre e kind s o f  stimuli :  Symmetri c pattern s (CS )  tha t 
corresponde d t o th e N S pattern s o f  th e trainin g part , 
additiona l  symmetri c pattern s (5 )  tha t  wer e no t  relate d t o th e 
N S patterns ,  an d als o rando m pattern s (/?) ,  whic h wer e 
create d b y randomizin g th e distributio n o f  blac k squares .  Th e 
stimul i  wer e printe d individuall y o n A 4 pape r  i n blac k ink . 
The siz e o f  th e gri d wa s abou t  6. 4 x  6. 4 cm ^  an d th e siz e o f 
th e littl e square s 0.6 5 x  0.6 5 c m ^ 

Figur e 7 :  A n exempla r  i n th e trainin g phas e o f  th e 
experiment . 

Procedure 

At  th e beginnin g o f  eac h experimenta l  sessio n subject s wer e 
give n on e shee t  o f  printe d instruction s wher e the y wer e 
simpl y tol d the y wer e abou t  t o receiv e a  folde r  wit h a  se t  o f 
items ,  an d tha t  the y woul d hav e t o examin e thes e item s a s 
carefull y a s possible .  I t  wa s note d tha t  ther e wa s n o tim e 
limi t  fo r  goin g throug h th e items .  The y wer e als o tol d 
orally ,  afte r  goin g throug h th e instructions ,  tha t  ther e wa s 
no particula r  orde r  i n whic h the y ha d t o stud y th e item s an d 
tha t  the y wer e fre e t o revie w item s the y ha d alread y studied . 
Finally ,  i t  wa s note d tha t  thes e item s woul d b e availabl e t o 
the m i n th e secon d par t  o f  th e stud y a s well ,  bu t  n o furthe r 
informatio n wa s give n abou t  th e tes t  part .  Ther e wer e eigh t 
NS pattern s i n th e trainin g part ,  seve n o f  whic h wer e 
unique .  Onc e subject s reporte d tha t  the y ha d see n th e items , 
the y wer e the n presente d wit h a  secon d shee t  o f  printe d 
instruction s wher e the y wer e tol d i n on e conditio n (th e Non -
Chomps condition )  that :  "Ther e i s a  categor y t o whic h w e 
shal l  b e referrin g a s th e categor y o f  C h o m p s .  Th e item s yo u 
hav e jus t  see n ar e al l  non-Chomps .  tha t  i s  the y wer e al l  no t 
members o f  tha t  category .  Y o u wil l  shortl y receiv e anothe r 
folde r  wit h items .  Pleas e sor t  th e n e w item s int o tw o piles , 
one fo r  C h o m p s an d anothe r  fo r  non-Chomps. "  I n th e othe r 
conditio n (th e C h o m p s one )  th e instruction s wer e modifie d 
so tha t  th e trainin g item s wer e describe d a s C h o m p s .  I t  wa s 
agai n emphasise d tha t  ther e wa s n o tim e limit ,  tha t  the y 
coul d sor t  th e item s i n whicheve r  orde r  the y liked ,  an d tha t 
the y wer e allowe d t o m a k e correction s (tha t  is ,  the y coul d 
chang e thei r  min d abou t  whic h item s woul d b e classifie d a s 
Chomps an d whic h one s a s non-Chomps) .  Th e trainin g 
item s wer e als o availabl e t o the m i n cas e subject s wante d t o 
consul t  them .  I n th e tes t  part ,  ther e wer e th e eigh t  C S 
patterns ,  anothe r  eigh t  S  one s an d als o eigh t  R  patterns . 
Once subject s ha d sorte d th e item s bu t  befor e actuall y 
identifyin g eithe r  pile ,  the y wer e reminde d whic h categor y 
th e trainin g item s belonge d to ,  an d wer e aske d t o indicat e th e 

item s the y though t  wer e C h o m p s an d non-Chomps .  Al l 
subject s wer e teste d individuall y an d th e experimen t  laste d 
fo r  approximatel y te n minutes . 

Results 

We wante d t o investigat e th e hypothesi s tha t  ther e ar e 
situation s wher e classificatio n i s base d o n som e prototyp e 
representatio n o f  th e categor y an d tha t  thi s lead s th e 
cognitiv e syste m t o m a k e specifi c  presupposition s abou t  th e 
shap e o f  th e category .  Th e onl y assumptio n w e mad e abou t 
th e arrangemen t  i n som e interna l  psychologica l  spac e o f  th e 
item s w e use d wa s tha t  symmetri c pattern s occupie d som e 
conve x regio n (a s th e categor y "symmetri c patterns "  ca n 
clearl y hav e a  prototyp e structure) ,  whil e non-symmetri c 
pattern s ar e represente d i n th e surroundin g concav e areas . 
Therefore ,  th e predictio n o f  ou r  hypothesi s wa s tha t  subject s 
woul d b e selectin g S  an d C S pattern s a s C h o m p s i n th e 
C h o m ps conditio n (categor y o f  trainin g exemplar s assume d 
t o b e positiv e s o tha t  generalizatio n woul d occu r  withi n th e 
conve x spac e o f  symmetri c patterns )  an d tha t  the y woul d b e 
selectin g th e S  pattern s a s C h o m p s i n th e N o n - C h o m p s 
conditio n a s wel l  (categor y o f  trainin g item s assume d t o b e 
negative ;  generalizatio n extend s t o th e concav e regio n 
surroundin g th e S  patterns) .  A s ca n b e see n from  Figur e 8 , 
th e patter n o f  classificatio n wa s completel y reverse d acros s 
th e tw o conditions ,  thu s confirmin g ou r  expectations .  Th e 
chi-squar e tes t  w e use d t o asses s qualitativel y thes e 
difference s wa s foun d highl y significan t  (o n on e degre e o f 
freedom,  x^=9-9 ,  p<0.005) .  Figure s 9  an d 1 0 ftirther 
illustrat e th e observe d patter n o f  generalization . 

>i» l  Condtllo n 
Figur e 8 :  Generalizatio n pattern s i n th e C h o m p s a n d N o n -

C h o m ps experimenta l  conditions'* . 

''Generalizatio n t o Rando m Pattern s mean s tha t  al l  th e R 
pattern s wer e selecte d a s consisten t  wit h th e trainin g item s and , 
likewise ,  Generalizatio n t o Symmetri c Pattern s mean s tha t  ai l 
th e S  an d C S pattern s wer e selecte d (excep t  i n th e C h o m p s 
conditio n wher e i n som e case s onl y a  subse t  o f  th e S  an d C S 
pattern s wa s selected ;  however ,  thi s doe s no t  affec t  ou r  result s 
qualitativel y sinc e w e ar e intereste d i n th e directio n o f 
generalization) . 
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exempla r  generalizatio n 

"chomp " 

Figur e 9 :  Generalizatio n whe n exemplar s ar e labelle d a s 
"chomps" ,  suggestin g a  positiv e category . 
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Figur e 10 :  Generalizatio n whe n exemplar s ar e labelle d a s 
"non-chomps" ,  suggestin g a  negativ e category .  Thi s give s 

th e revers e patter n o f  generalizatio n t o tha t  show n i n Figur e 
9. 

Cognitive Penetrability of the 
C a t e g o r i z a t i o n S y s t e m 

Th e adven t  o f  th e cognitiv e schoo l  o f  psycholog y ha s bee n 
partl y associate d wit h th e realizatio n tha t  computationa l 
modeling ,  tha t  i s  explanation s base d o n rule s an d menta l 
representations ,  i s  a  fruitfu l  wa y t o describ e muc h o f  ou r 
cognition .  However ,  a s Pylyshy n (1981a )  noted ,  amon g 
others ,  i f  lef t  unconstraine d computationa l  model s hav e 
simpl y to o man y free  parameters ;  potentiall y  the y ca n b e 
modifie d t o fit  an y se t  o f  dat a (refe r  als o t o Anderson' s 
mimicr y theorem ,  Anderson ,  1978) .  T o resolv e th e issue , 
Pylyshy n suggeste d tha t  "Th e coherenc e o f  suc h a  vie w [ a 
computationa l  vie w o f  cognition ]  depend s o n ther e bein g a 
principle d distinctio n betwee n function s whos e explanatio n 
require s tha t  w e posi t  interna l  representation s an d thos e tha t 
we ca n appropriatel y describ e a s merel y instantiatin g causa l 
physica l  o r  biologica l  laws "  (Pylyshyn ,  1980 )  s o tha t  th e 
latte r  processe s woul d provid e th e fixed  points ,  th e 
"cognitiv e constants "  (Pylyshyn ,  1981b )  i n computationa l 
models .  Cognitiv e penetrabilit y  wa s pu t  forwar d a s th e 
criterio n accordin g t o whic h w e ar e t o distinguis h betwee n 
th e tw o type s o f  processes ,  wher e a  cognitivel y penetrabl e 
mechanis m i s on e tha t  i s affecte d b y taci t  knowledge . 

backgroun d belief s etc .  (e.g .  Pylyshyn ,  1980) .  O f  relevanc e 
her e i s ou r  demonstratio n tha t  th e logica l  structur e o f 
categor y label s affect s prio r  expectation s o f  categor y 
structure .  Thi s raise s th e questio n o f  th e exten t  t o whic h 
classificatio n learnin g periformanc e ma y b e potentiall y 
affecte d b y othe r  source s o f  knowledge ,  suc h a s backgroun d 
knowledg e o f  th e categor y domain .  Perhap s classificatio n 
researc h ha s bee n s o tractabl e t o exemplar-base d an d othe r 
forma l  model s precisel y becaus e th e stimul i  use d ar e 
"meaningless "  (a s ar e thei r  labels )  s o tha t  suc h knowledg e 
canno t  b e brough t  t o bea r  (se e Pickerin g &  Chater ,  199 5 fo r 
relate d discussion) .  Furthe r  demonstratin g th e cognitiv e 
penetrabilit y  o f  categorizatio n mechanism s woul d rais e 
question s concernin g th e generalit y o f  curren t  forma l 
accounts . 

Future Work 

Thi s researc h suggest s tha t  categorizatio n ma y b e influence d 
by linguisti c informatio n abou t  th e prio r  structur e o f 
categories .  A n interestin g questio n i s t o conside r  whethe r 
suc h effect s occu r  mor e generally .  Fo r  example ,  conside r  th e 
cas e o f  disjunction .  Suppos e tha t  exemplar s for m tw o 
distinc t  group s (a s i n Figure s 1 1 an d 12) .  I f  th e categor y i s 
give n a  lexicall y simpl e label ,  w e woul d expec t  tha t  th e 
defaul t  prototyp e structur e i s assume d (se e Figur e 11) .  Thus , 
a tes t  item ,  tha t  lie s outsid e th e tw o cluster s o f  exemplars , 
but  betwee n them ,  wil l  b e judge d t o b e a  member  o f  th e 
categor y (indeed ,  i t  m a y b e judge d a  particularl y goo d 
member  o f  th e category ,  becaus e i t  i s  nea r  th e centra l 
tendenc y o f  th e category) .  B y contrast ,  suppos e tha t  a  perso n 
i s cue d tha t  th e categor y ha s a  disjunctiv e structure ,  e.g. ,  b y 
bein g give n a  verba l  labe l  suc h a s "chomp s o r  blibs" .  Thi s 
m ay cu e th e assumptio n tha t  th e categor y shap e correspond s 
t o tw o conve x region s i n a n interna l  categor y space .  Usin g 
thi s prio r  assumptio n lead s t o th e generalizatio n show n i n 
Figur e 11 ,  wher e th e tes t  item ,  whic h wa s previousl y 
prototypical ,  i s  n o w no t  considere d t o b e a  member  o f  th e 
categor y a t  all .  Thi s suggest s that ,  whethe r  a  tes t  ite m i s 
classifie d a s a  member  o f  th e sam e categor y a s th e 
exemplars ,  m a y depen d o n th e prio r  structur e tha t  i s 
assumed .  Whethe r  thi s resul t  i s  observe d i s a n interestin g 
directio n fo r  futur e research .  I n a  mor e genera l  context , 
followin g Murph y an d Medi n (1985) ,  th e questio n o f  wha t 
makes categorie s coheren t  ma y b e partl y answere d b y 
discoverin g tha t  th e cognitiv e syste m make s defaul t 
assumption s abou t  categor y structure ,  unde r  differen t 
circumstances . 
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Figur e 11 :  Generalizatio n assumin g tha t  th e categor y 
correspond s t o a  singl e conve x region . 

Figur e 12 :  Generalizatio n assumin g tha t  th e categor y 
correspond s t o tw o conve x regions—i.e. ,  assumin g tha t  th e 

categor y ha s a  disjunctiv e structure . 

Conclusions 

We hav e outline d a  nove l  methodolog y fo r  studyin g huma n 
categorization ,  wher e prio r  assumption s concernin g categor y 
"shape "  ma y b e manipulate d b y changin g th e logica l 
structur e o f  th e categor y t o b e learned .  W e hav e show n tha t 
thi s metho d o f  manipulatin g prio r  assumption s abou t 
categor y structure ,  usin g negation ,  ca n revers e generalizatio n 
behavior .  Thi s resul t  create s considerabl e difficultie s fo r 
theorie s o f  categorizatio n whic h d o no t  allo w prio r 
assumption s t o influenc e classificatio n learning ,  suc h a s 
exempla r  models .  Furthe r  stud y o f  th e manipulatio n o f  prio r 
expectations ,  usin g a  variet y o f  methods ,  therefor e appear s 
t o b e a n excitin g directio n fo r  futur e researc h o n 
categorization . 
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