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Abstrac t 

Theorie s o f  objec t  recognitio n an d categorizatio n rel y 
on a  se t  o f  primitive s t o represen t  objects .  Th e natur e 
and th e developmen t  o f  thes e primitive s hav e bee n 
neglecte d i n computationa l  visio n an d i n concep t 
learnin g theories .  W e presen t  a  theor y o f  par t 
ontogen y i n whic h no t  onl y perceptual ,  bu t  als o 
categorica l  constraint s pla y a  role .  A  two-phas e 
experimen t  usin g categorie s o f  synthesize d 3 D object s 
(Martia n rocks )  wa s conducte d t o tes t  th e theory .  Th e 
firs t  phas e teste d th e hypothesi s tha t  par t  identificatio n 
i s dependen t  o n categorica l  context .  Th e secon d phas e 
teste d whethe r  th e unit s extracte d i n th e firs t  phas e 
playe d a  conceptua l  rol e i n learnin g a  ne w category . 
I n bot h phases ,  subject s interactivel y delineate d th e 
part s o f  th e stimul i  whil e learnin g th e categories .  Th e 
unit s subject s identifie d i n th e first  phas e wer e thos e 
tha t  wer e predictiv e o f  th e object' s category .  Thes e 
unit s the n influence d th e perceptio n o f  part s i n th e 
ne w categorie s o f  th e secon d phase . 

Introduction 

Most accounts of object recognition and categorization 
assume tha t  i n orde r  t o identif y a n object ,  on e mus t  first 
identif y it s  components .  O f  course ,  no t  al l  component s o f 
an objec t  mus t  b e identifie d befor e a n objec t  ca n b e 
categorized ,  bu t  man y o f  the m ar e probabl y recognize d 
durin g th e categorizatio n process .  Fo r  example ,  man y 
account s o f  categorizatio n (se e Smit h &  Medin ,  1981 ) 
woul d clai m tha t  a  perso n w h o see s a  ca t  migh t  identif y a 
globa l  shape ,  a  size ,  bod y part s suc h a s th e head ,  tai l  an d 
whiskers ,  a  color ,  a  texture ,  an d s o on .  Afte r  thes e 
perceptua l  component s o f  th e objec t  hav e bee n identified , 
the y ar c compare d wit h memor y representation s i n orde r  t o 
categoriz e th e object .  Theorie s tha t  embod y thi s genera l 
approac h includ e Rosc h an d Mervis' s (1975 )  famil y 
resemblanc e model ,  Mar r  an d Nishihara' s (1978 ) 
generalize d cones ,  an d Biedcrman' s (1987 )  Recognitio n B y 
Components . 

Th e topi c o f  thi s pape r  i s  th e natur e o f  th e 
component s themselves .  H o w ar e thes e component s 
derived ? Ar e th e component s independen t  entities ,  o r  doe s 
categor y learnin g influenc e them ? I n particular ,  w e wil l  b e 
intereste d i n wha t  migh t  informall y b e calle d th e part s o f 
an object .  Tversk y an d H e m e n w a y (1984 )  showe d tha t  th e 

most  usefu l  categorie s (i.e. ,  Rosc h e t  al.' s 197 6 basi c 
categories )  ca n b e distinguishe d b y part s wherea s les s 
usefu l  categorie s canno t  (se e als o Murphy ,  i n press) . 
Furthermore ,  part s hav e a  privilege d plac e i n a  numbe r  o f 
account s o f  objec t  identificatio n (Biederman ,  1988 ; 
Biederma n &  Ju ,  1988 ;  Binford ,  1981 ;  Marr ,  1982 ;  Mar r 
& Nishihara ,  1978 ;  Pentland ,  1989) . 

Althoug h part s m a y wel l  b e importan t  i n 
categorization ,  th e questio n arise s a s t o h o w peopl e 
identif y a n object' s part s an d encod e the m i n memory .  Th e 
most  c o m m o n assumptio n concernin g part s an d othe r 
component s o f  a n objec t  i s  tha t  the y ar e th e resul t  o f 
perceptua l  structures .  Tha t  is ,  ou r  perceptua l  apparatu s 
identifie s th e colors ,  siz e an d part s o f  a n objec t  whic h the n 
for m th e basi s fo r  conceptua l  tasks .  Certainly ,  perceptua l 
structure s provid e importan t  constraint s o n wha t  ca n b e a 
par t  o f  a n object .  Bu t  importan t  researc h i n 
computationna l  visio n an d psychophysic s ha s show n tha t 
par t  extractio n withou t  constraint s i s  essentiall y a n ill -
pose d proble m (Berter o e t  al. ,  1987 ;  Biederman ,  1987 ; 
Braunstei n e t  al. ,  1989 ;  Hof fma n &  Richards ,  1985 ; 
Koenderin k &  va n D o o m ,  1982 ;  Poggi o e t  al. ,  1985) . 
However ,  a n additiona l  constraint ,  whic h ha s receive d littl e 
attention ,  i s  th e effec t  o f  categor y learnin g itself .  Th e 
proces s o f  concept  formatio n m a y alte r  th e interpretatio n 
of  object s suc h tha t  ne w part s an d combination s o f  part s 
ar e encoded . 

T o understan d ho w thi s migh t  occur ,  conside r  thi s 
though t  experiment .  Suppos e yo u wer e a  Martia n wit h n o 
experienc e o f  Eart h objects .  Th e first  objec t  yo u se e i s a 
cu p whic h ca n b e segmente d int o th e analytica l  unit s 
handl e an d container .  However ,  you r  Martia n conceptua l 
syste m doe s no t  possess  thes e primitives .  Supposin g 
you r  low-leve l  visua l  syste m wer e roughl y lik e ours ,  yo u 
coul d describ e th e cu p b y mentionin g a t  leas t  tha t 
somethin g seem s t o brea k th e regularit y o f  it s surface : 
somethin g stick s out .  Supjws e th e secon d objec t  yo u 
experienc e i s a  glass .  Thi s objec t  i s  muc h smoother ; 
nothin g stick s out .  Fro m n o w on ,  yo u coul d us e th e 
primitiv e X d @M (yo u certainl y woul d no t  cal l  i t  a  handle) , 
becaus e i t  categorize s th e tw o objects :  on e ha s a  X d @ # an d 
one doesn't .  Befor e encounterin g th e glass ,  yo u migh t 
hav e represente d th e cu p a s a  whole ,  a s a  singl e unit . 
Thus ,  th e categor y learnin g situatio n m a y selec t  som e 
part s an d suppres s other s i n representin g objects . 
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Thi s phenomeno n illustrate s wha t  w e cal l  th e 
Homogeneit y Principle .  Thi s principl e say s tha t  i f  a 
componen t  o r  grou p o f  component s occur s frequentl y 
throughou t  a  category ,  the n i t  wil l  b e treate d a s a  singl e 
unit .  I n othe r  words ,  th e object s o f  th e categor y provid e a 
sufficien t  contex t  t o chang e a  component' s statu s fro m a 
potentia l  par t  t o a n actua l  part--o r  unit--tha t  i s  use d t o 
represen t  th e object .  W e wil l  cal l  thes e analytica l  part s 
"conceptuall y instantiate d units, "  o r  simpl y "units. " 

Unit s ar e th e part s tha t  ar c inpu t  int o concep t 
representation .  Example s o f  unit s ar e head ,  tail ,  handl e 
and s o forth .  Conceptuall y instantiate d part s pla y a 
conceptua l  rol e b y segmentin g th e externa l  worl d int o 
categorie s o f  objects .  Onc e a  uni t  i s  instantiate d i n th e 
contex t  o f  on e particula r  category ,  i t  ca n the n pla y a 
conceptua l  rol e i n othe r  context s o f  categorization .  T o 
illustrate ,  i f  th e Martia n ha d extracte d wha t  w e cal l  a 
handle ,  i t  coul d us e i t  i n categorizin g ne w object s tha t 
hav e a  handle .  Th e Homogeneit y Principl e als o assume s 
tha t  exposur e t o differen t  context s m a y resul t  i n th e 
instantiatio n o f  differen t  units .  Therefore ,  thi s theor y 
provide s a  framewor k t o stud y th e ontogen y o f  part/whol e 
relationships .  Th e representatio n o f  a n objec t  coul d 
eventuall y b e decompose d int o tw o unit s i f  th e part s 
composin g th e objec t  appea r  t o pla y a  conceptua l  rol e i n 
anothe r  context ;  otherwise ,  th e whol e ma y b e treate d a s 
one instantiate d unit . 

The stud y reporte d her e examine s th e Homogeneit y 
Principl e throug h a  two-par t  experimen t  usin g categorie s 
of  nove l  objects .  Th e first  phas e teste d th e hypothesi s tha t 
par t  instantiatio n int o unit s i s  dependen t  o n categorica l 
context .  I t  als o investigate d a  clai m o f  sufficiency ,  tha t 
th e contex t  o f  on e categor y i s sufficien t  t o instantiat e th e 
part s neede d t o represen t  th e object s o f  th e category . 
Component s tha t  wer e homogeneou s throughou t  th e 
categor y wer e expecte d t o b e instantiate d a s units ,  an d 
othe r  component s wer e expecte d t o b e rejected ,  ove r  th e 
cours e o f  learning .  Th e secon d phas e introduce d a  ne w 
category ,  whic h overlappe d somewha t  wit h th e previou s 
one .  Thi s allowe d a  tes t  o f  th e conceptua l  rol e playe d b y 
th e unit s learne d i n th e first  phase .  Th e overlappin g unit s 
wer e expecte d t o b e parse d first,  an d thereb y t o bia s th e 
extractio n o f  othe r  component s i n th e ne w category .  A 
grou p wit h n o prio r  experienc e wit h thos e unit s serve d a s a 
control .  I t  wa s expecte d t o identif y a  differen t  par t 
structur e (se e below) . 

Studyin g th e ontogen y o f  unit s present s certai n 
methodologica l  challenges .  Usin g familia r  object s i s 

obviousl y inappropriate ,  becaus e th e theor y concern s th e 
effec t  o f  categor y learnin g o n par t  analysis .  However , 
most  artificia l  categorie s use d i n previou s experimen t  o f 
thi s sor t  coul d no t  b e use d her e becaus e i t  wa s necessar y t o 
avoi d familia r  unit s a s wel l  a s familia r  objects .  So ,  i t 
woul d no t  d o t o teac h subject s a  ne w kin d o f  furnitur e i f 
the y coul d alread y identif y familia r  unit s suc h a s legs , 
seats ,  cushions ,  drawers ,  etc .  O n e woul d no t  expec t  t o 
counterac t  subjects '  extensiv e prio r  knowledg e o f  thes e 
parts .  Therefore ,  th e experimen t  use d 3-dimensiona l 

spherica l  object s wit h variou s mountain-lik e projections . 
Each projectio n o r  grou p o f  projection s coul d serv e a s a 

potentia l  part .  Th e experimen t  examine d th e degre e t o 
whic h subjects '  perceptio n o f  part s coul d b e influence d b y 
th e contex t  o f  on e categor y o f  objects ,  an d ho w th e unit s 
acquire d i n thi s contex t  woul d influenc e th e extractio n o f 
ne w unit s i n anothe r  category . 

Phase 1 

Subjects were randomly assigned to one of two conditions 
i n whic h the y wer e expose d t o exemplar s o f  a  particula r 
categor y ( A o r  B) .  Categor y A  wa s a  collectio n o f  object s 
on whic h a  specifi c  par t  (a )  wa s alway s presen t  Categor y 
B wa s als o a  collectio n o f  objects ,  bu t  the y wer e 
characterize d b y anothe r  consisten t  par t  (b) .  W e recorde d 
th e part s subject s considere d importan t  before ,  durin g an d 
afte r  categor y learning . 

The Homogeneit y Principl e predict s tha t  th e part s 
subject s selec t  afte r  exposur e t o a  categor y shoul d b e th e 
one s tha t  hol d th e categor y together .  Therefore ,  subject s 
shoul d pic k par t  a  o r  par t  b  i f  the y ar e i n conditio n A  o r  B , 
respectively .  Also ,  th e numbe r  o f  nontarge t  part s subject s 
pic k shoul d decreas e a s the y gai n mor e an d mor e 
experienc e wit h th e category .  A  corrolar y o f  homogeneit y 
i s tha t  subject s shoul d no t  conside r  a s relevan t  part s thos e 
tha t  d o no t  glu e a  categor y together .  Thus ,  i f  subject s 
fro m grou p A  wer e expose d t o th e targe t  par t  o f  grou p B , 
the y woul d no t  pic k par t  6  a s a  relevan t  part . 

Method 

Subjects .  Twelv e Brow n Universit y undergraduate s 
participate d i n th e first  phas e o f  th e experimen t  Subject s 
wer e assigne d randoml y t o conditio n A  o r  B  wit h th e 
constrain t  tha t  th e numbe r  o f  subject s b e equa l  i n eac h 
condition . 

Stimuli .  "Martia n rocks "  wer e synihetize d three -
dimensiona l  gray-leve l  shade d object s displaye d o n th e 
scree n o f  a  graphi c mini-supercompute r  (Stella r  G S 1(XX)) . 
Each stimulu s wa s generate d o n a  Lis p Machin e usin g th e 
S-Geometr y package .  A  Martia n roc k wa s create d fro m a 
spher e b y specifyin g eigh t  equidistan t  region s alon g it s 
equator .  Eac h regio n covere d a  surfac e extendin g fro m th e 
equato r  t o th e tw o pole s o f  th e sphere ,  an d deformation s 
wer e applie d t o eac h region .  A  deformatio n consiste d o f 
pullin g ou t  a  face t  o f  a  regio n fo r  a  certai n distanc e alon g 
th e surfac e norma l  a t  tha t  point .  Th e deformation s wer e 
deterministi c fo r  th e targe t  parts ,  whil e th e seve n 
remainin g region s wer e randoml y distorted .  Th e to p 
picture s o f  Figur e 1  sho w th e deformation s tha t  create d 
uni t  a  an d uni t  b ,  an d th e botto m picture s presen t  complet e 
exemplar s o f  categorie s A  an d B .  Rando m Martia n rock s 
wer e als o create d b y randoml y distortin g al l  th e regions . 
We wil l  cal l  th e object s i n th e categor y bein g learne d th e 
Ml  rocks . 

Procedure :  Initia l  delinatlons .  Befor e experiencin g 
object s o f  thei r  category ,  subject s wer e aske d t o delineat e 
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Figur e 1 :  Thi s figure  illustrate s th e stimul i  use d i n Phas e 1 .  T h e to p picture s s h o w par t 

a (left )  a n d b  (right )  i n isolation .  T h e b o t t o m picture s s h o w example s o f  th e complet e 

objects . 

th e part s the y though t  wer e importan t  o n on e M l  rock . 
Subject s wer e instructe d t o delineat e a t  leas t  on e par t  pe r 
object ,  bu t  n o uppe r  limi t  wa s specified .  Th e purpos e o f 
thi s initia l  stag e wa s t o tes t  fo r  th e salienc e o f  th e targe t 
parts .  Par t  delineatio n wa s don e usin g a  compute r  mouse . 
Usin g th e lef t  an d righ t  button s o f  th e mouse ,  subject s ha d 
t o cente r  th e par t  the y wante d t o delineat e wit h respec t  t o a 
vertica l  ba r  tha t  appeare d o n th e screen .  Then ,  subject s 
moved a  curso r  o n th e scree n wit h th e mous e i n orde r  t o 
mark wit h a  re d lin e th e par t  the y ha d previousl y centered . 
That  is ,  b y clickin g th e mouse ,  subject s extende d th e lin e 
fro m it s las t  verte x t o th e curren t  location . 

The y continue d thi s delineatio n unti l  th e entir e par t  wa s 
indicated .  Onc e on e par t  wa s delineated ,  subject s coul d 
eithe r  cente r  anothe r  par t  o f  th e objec t  o r  qui t  par t 
delinatio n fo r  tha t  object . 

Learnin g stage .  Th e learnin g stag e wa s divide d int o 6 
trials .  O n eac h trial ,  subject s first  sa w a n M l  rock .  Thi s 
roc k woul d rotat e onc e clockwis e an d onc e counterclokwis c 
i n fron t  o f  them .  Subject s wer e tol d t o stud y thi s roc k t o 
lear n wha t  M l  rock s wer e lik e i n general .  The n thi s 
stimulu s wa s replace d wit h anothe r  roc k o n whic h subject s 
wer e instructe d t o delineat e part s a s describe d earlier .  Fo r 
five  ou t  o f  si x delineatio n rocks ,  thi s ite m wa s a n M l ,  an d 
th e othe r  delineatio n roc k wa s fro m th e categor y o f  th e 
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othe r  conditio n (categor y B  fo r  subject s i n grou p A ,  an d 

vic e versa) . 

Test  stage .  I n orde r  t o ensur e tha t  subject s learne d th e 
category ,  a  categorizatio n stag e wit h 6  tes t  rock s wa s 
conducted .  T w o o f  th e tes t  rock s wer e M l  rocks ,  an d th e 
othe r  fou r  wer e rando m rocks .  On e tes t  roc k a t  a  tim e 
woul d rotate--onc e clockwise ,  onc e counterclockwise-o n 
th e scree n an d subject s ha d t o decide ,  b y pressin g th e "yes " 
or  th e "no "  ke y o n th e keyboard ,  whethe r  th e roc k wa s a n 
M l .  I f  subject s wer e correc t  o n al l  si x items ,  th e firs t 
phas e o f  th e experimen t  wa s over .  Otherwise ,  the y 
repeate d a s man y learnin g block s a s neede d t o perfor m th e 
tes t  stag e withou t  mistake .  N o feedbac k wa s give n durin g 
th e testin g phase . 

Results 

We constructe d tw o grid s o f  point s i n th e exac t 
configuration s o f  par t  a  an d par t  b .  Th e measur e o f 
subjects '  accurac y i n par t  identificatio n wa s th e numbe r  o f 
point s o f  th e targe t  part s containe d withi n thei r 
delineations .  Fift y percen t  o r  mor e o f  th e target' s surfac e 
had t o b e delineate d i n orde r  t o scor e th e subjec t  a s havin g 
identifie d th e target .  T o tes t  th e salienc e o f  th e targe t 
parts ,  w e collecte d th e tota l  numbe r  o f  par t  delineation s i n 
th e initia l  delineatio n stag e (befor e learning) .  A  tota l  o f 
44 part s wer e initiall y  delineated ;  onl y on e o f  the m me t 
th e criterio n fo r  bein g a  targe t  part .  Thus ,  th e target s wer e 
not  ver y salien t  unit s befor e learning . 

To tes t  th e first  aspec t  o f  th e Homogeneit y Principle , 
we considere d th e las t  learnin g sessio n fo r  al l  subject s (th e 
one precedin g a  successfu l  tes t  stage) .  I n thi s session ,  w e 
compute d th e averag e numbe r  o f  point s include d i n th e 
delineatio n o f  th e las t  targe t  par t  (th e M l  part) ,  an d 
compare d i t  wit h th e averag e numbe r  o f  point s include d i n 
th e delineatio n o f  th e par t  fro m th e othe r  condition . 
Subject s delineate d 9 3 % o f  th e targe t  fro m th e categor y 
the y learned ,  bu t  onl y 8 % o f  th e targe t  fro m th e othe r 
categor y o n average .  Thes e mean s wer e significantl y 
differen t  t(l\ )  =  11.88, p <  .001 . 

The corrolar y o f  homogeneit y wa s teste d b y recordin g 
th e numbe r  o f  nontarge t  delineation s pe r  objec t  fo r  al l 
subjects .  W e expecte d th e numbe r  o f  nontarge t  selection s 
t o decreas e wit h learning .  Thus ,  w e divide d eac h subject' s 
learnin g stag e int o five  block s (sinc e eac h subject s sa w 5 
Ml  rock s fo r  delineation s pe r  learnin g stage ,  th e tota l 
number  o f  M l  object s see n i n learnin g wa s alway s a 
multipl e o f  5 )  an d counte d th e numbe r  o f  nontarget s 
delineate d i n eac h block .  Th e numbe r  o f  nontarget s 
decrease d significantl y fro m th e first  t o fifth  bloc k (F(4,44 ) 
= 18.63 ,  p  <  .001 ;  mean s o f  2.78 ,  2.09 ,  1.68 ,  0.7 0 an d 
0.21) .  A  contras t  showe d tha t  thi s decreas e wa s linea r 
(F(l,44 )  =  73.59 ,  p  <  .001) ,  an d ther e wa s liul e remainin g 
varianc e ( f  (3,44 )  =  .32) . 

Discussion 

The result s confirme d th e tw o prediction s o f  th e 
Homogeneit y Principle .  Th e conjunctio n o f  perceptua l 

constraint s an d th e contex t  o f  severa l  object s formin g a 
categor y provid e a  sufficien t  mean s t o conceptuall y 
instantiat e potentia l  parts .  A t  th e en d o f  learning ,  subject s 
picke d th e par t  tha t  wa s redundan t  throughou t  th e category . 
I t  i s  wort h emphasizin g tha t  prio r  t o th e experiment , 
subject s didn' t  kno w th e part s composin g th e objects .  Th e 
corollar y o f  homogeneit y i s tha t  a s subject s gai n mor e an d 
more experienc e wit h th e contex t  o f  on e category ,  the y 
shoul d progressivel y rejec t  infrequen t  potentia l  part s a s 
plausibl e candidate s fo r  a  conceptua l  uni t  status .  Thi s 
predictio n wa s corroborate d wit h a  linea r  decreas e o f  th e 
nontarge t  delineations . 

I f  th e uni t  instantiate d i n on e particula r  contex t  ha s a 
conceptua l  role ,  i t  shoul d b e use d t o describ e object s o f  a 
new category .  Onc e instantiated ,  thes e unit s hav e a  statu s 
simila r  t o hand ,  wheel ,  handl e an d s o forth .  Tha t  is ,  the y 
can b e use d t o characteriz e ne w objects .  Th e purpos e o f 
th e secon d phas e o f  th e experimen t  wa s t o tes t  bot h 
implication s o f  th e conceptua l  rol e b y presentin g subject s 
wit h a  ne w categor y o f  object s i n whic h a  numbe r  o f  unit s 
ar e distribute d throughou t  th e category ,  wit h eithe r  on e o r 
none o f  the m bein g alread y instantiated . 

Phase 2 

Subject s fro m bot h group s o f  th e first  phas e wer e expose d 
t o a  ne w grou p o f  objects ,  categor y C .  I n additio n t o 
group s A  an d B ,  a  ne w grou p o f  subjects ,  grou p C ,  wh o 
di d no t  participat e i n Phas e 1 ,  serve d i n Phas e 2 .  Al l 
object s o f  Phas e 2  wer e characterize d b y par t  a  an d par t  6 
adjacen t  t o on e another . 

Method 

Stimuli .  Ne w stimul i  wer e create d i n whic h par t  a  an d 
par t  b  wer e adjacen t  t o on e anothe r  an d onl y 6  region s wer e 
random .  Figur e 2  show s differen t  view s o f  a  Martia n roc k 
fro m thi s phase . 
Subjects .  1 8 Brow n undergraduate s participate d i n th e 
secon d phas e o f  th e experiment .  1 2 o f  the m wer e th e 
subject s o f  th e previou s phas e an d 6  subject s wer e ne w t o 
th e experiment . 
Procedure .  Phas e 2  too k plac e immediatel y followin g 
Phase 1  fo r  group s A  an d B .  A s i n th e previou s phase , 
subject s wen t  throug h thre e mai n stages :  a n initia l 
delineatio n stage ,  a  learnin g stag e an d a  testin g stage .  A s 
before ,  subject s wen t  throug h si x trial s i n th e learnin g 
phase ,  an d the y ha d t o delineat e 5  rock s o f  categor y C  (th e 
remainin g roc k wa s a  rando m rock) .  I n th e tes t  phase ,  6 
rock s wer e presente d ( 2 o f  the m wit h par t  a  only ,  tw o wit h 
par t  b ,  an d tw o wit h par t  a  an d par t  b) ,  an d subject s ha d t o 
categoriz e the m correctl y t o en d th e experiment .  N o 
feedbac k wa s give n durin g th e testin g phase . 

Results 

We recorde d th e numbe r  o f  time s par t  a  o r  par t  b  wa s 
delineate d i n th e onl y objec t  teste d befor e learning .  Th e 
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Figur e 2 :  Thi s figur e illustrate s th e stimul i  f ro m Phas e 2 .  Subject s i n condition s A  an d B 

delineate d th e tw o part s presente d i n th e to p pictures .  Subject s i n conditio n C  selecte d th e 

par t  s h o w n i n th e b o t t o m pictur e a s on e unit .  Thi s par t  i s  th e conjunctio n o f  th e t w o part s 

s h o w n above .  Dur in g th e experiment ,  subject s coul d rotat e th e objec t  t o cente r  th e par t 

the y wante d t o delineate . 

subject s o f  grou p A  alway s delineate d par t  a ,  an d neve r  b . 
The subject s o f  grou p B  alway s delineate d b ,  an d neve r  a . 
On th e fina l  learnin g trial ,  th e subject s fro m group s A  an d 
B al l  delineate d part s a  an d b  a s tw o distinc t  units ,  whil e 
al l  subject s fro m grou p C  (th e grou p wit h n o prio r 
experienc e wit h Martia n rocks )  delineate d par t  a  an d 6  a s a 
singl e unit .  Typica l  delineation s fro m group s A  an d B  ar e 
presente d o n Figur e 2  (th e to p pictures )  an d a  typica l 
delineatio n fro m grou p C  i s presente d o n Figur e 2  (th e 
botto m picture) . 

D i s c u s s i o n 

Thi s stud y investigate d th e rol e o f  previou s knowledg e i n 
parsin g ne w objects .  W e ca n se e tha t  th e unit s instantiate d 
i n th e first  phas e wer e applie d t o categoriz e object s o f 
categor y C .  Thi s show s tha t  the y playe d a  conceptua l  rol e 
i n th e sens e explaine d earlier .  Th e bia s create d b y unit s o n 
par t  extractio n i s als o illustrate d i n th e secon d phase . 
Specifically ,  subject s wit h prio r  knowledg e ende d u p 
instantiatin g tw o units--th e on e the y ha d learne d i n th e 
previou s phase ,  eithe r  a  o r  b ,  an d th e othe r  par t  adjacen t  t o 
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th e on e the y kne w already .  I n contrast ,  subject s fro m 
conditio n C  didn' t  segmen t  a  an d b  int o tw o instantiate d 

units .  Instead ,  the y considere d a  an d ft  t o b e on e singl e 
uni t  c .  Thi s i s interestin g fo r  tw o reasons .  First ,  a  an d b 
adjacen t  t o on e anothe r  ca n clearl y b e segmente d a s tw o 
units-a s show n b y th e othe r  subjects .  Thi s mean s tha t 
th e tw o part s ar e separabl e o n a  perceptua l  basis .  I n fact , 
th e part s coul d b e extracte d wit h a  schem e alon g th e line s 
of  Hoffma n an d Richard' s (1985 )  minim a rule .  Subject s i n 
grou p C  apparentl y encode d c  a s a  perceptua l  uni t  whic h 
was no t  compose d o f  th e unit s a  an d b ,  whic h wer e no t 
known a s suc h t o th e subject s o f  conditio n C .  Thi s lead s 
t o th e secon d point .  Th e contex t  o f  categorizatio n ma y 
influenc e wha t  i s considere d a  uni t  i n a n objec t 
representation .  Th e contex t  enable s th e selectio n o f  a 
perceptua l  interpretatio n tha t  maximize s th e homogeneit y 
of  a  category .  Sinc e part s a  an d b  ar e alway s presen t  o n 
th e objec t  o f  th e category ,  ther e i s n o reaso n t o segmen t 
the m int o tw o separat e parts ,  unles s the y hav e alread y bee n 
distinguished .  Thi s las t  resul t  ha s far-reachin g 
consequence s fo r  understandin g th e developmen t  o f  a 
conceptua l  system .  Potentia l  part s becom e instantiate d 
unit s i f  th e righ t  categorica l  contex t  offer s the m a 
functiona l  o r  conceptua l  role .  Thi s provides ,  amon g othe r 
things ,  a  theoretica l  framewor k withi n whic h th e 
developmen t  o f  part/whol e relationship s ca n b e understood , 
as wel l  a s th e circumstance s unde r  whic h hierarchie s occu r 
i n conceptua l  representations . 

The theor y o f  uni t  ontogen y presente d i n thi s pape r 
may b e considere d a n extensio n o f  th e principle s o f 
concep t  learning .  Th e arbiuar y situatio n o f  th e Martia n 
rock s coul d b e comparabl e t o th e kin d o f  learnin g tha t 
take s plac e i n infant s whe n the y sta n forgin g a  conceptua l 
syste m (Baldwin ,  1989 ;  Clark ,  1973 ;  Schyns ,  1990) .  Th e 
conjunctio n o f  perceptua l  constraint s wit h a  contex t  o f 
categorizatio n seem s t o b e a  promisin g framewor k t o 
groun d th e developmen t  o f  a  simpl e conceptua l  syste m o n 
f>erceptua l  foundations .  Clearl y tha t  wil l  no t  accoun t  fo r 
al l  concepts ,  bu t  thes e simpl e principle s ma y accoun t  fo r 
th e genesi s o f  objec t  concept s fro m "scratch. ' 
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