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Abstrac t 
A numbe r  o f  recen t  studie s o n earl y categorizatio n sugges t 
tha t  youn g infant s for m categor y representation s fo r  stimul i  a t 
bot h globa l  an d basi c level s o f  exclusivenes s (i.e. ,  mammal . 
cat) .  A  se t  o f  computationa l  model s designe d t o analyz e th e 
factor s responsibl e fo r  th e emergenc e o f  thes e representation s 
ar e presented .  Th e model s (1 )  simulate d th e formatio n o f 
global-leve l  an d basic-leve l  representations ,  (2 )  yielde d a 
global-to-basi c orde r  o f  categor y emergenc e an d (3 )  reveale d 
th e formatio n o f  tw o distinc t  global-leve l  representation s -  a n 
initia l  "self-organizing '  perceptua l  globa l  leve l  an d a 
subsequentl y "trained "  arbitrar y (i.e. ,  non-perceptual )  globa l 
level .  Informatio n fro m th e model s i s use d t o mak e a  numbe r 
of  testabl e prediction s concernin g categor y developmen t  i n 
infants . 

Introduction 
Investigator s intereste d i n earl y cognitiv e developmen t  hav e 
been examinin g th e origin s an d developmen t  o f  comple x 
categor y representation s durin g th e firs t  tw o year s o f  lif e 
(e.g. ,  Mandler ,  Bauer ,  &  McDonough ,  1991 ;  Mervis ,  1987 ; 
Quinn ,  Eimas ,  &  Rosenkrantz .  1993) .  Empirica l  effort s hav e 
been concerne d wit h (1 )  th e ag e an d mean s b y whic h 
individuate d representation s ca n b e forme d fo r  basic-leve l 
categorie s (e.g. ,  cats ,  chairs )  fro m th e sam e global-leve l 
structur e (e.g. ,  mammal ,  furniture) ,  an d (2 )  whethe r  thes e 
representation s begi n t o coher e t o for m global-leve l 
representation s o r  whethe r  global-leve l  representation s 
preced e basic-leve l  representations . 

One se t  o f  relevan t  studie s ha s show n tha t  youn g infant s 
can for m perceptually-base d categor y representation s a t 
bot h basi c an d globa l  level s o f  exclusivenes s (reviewe d i n 
Quin n &  Eimas ,  i n press-a) .  A t  th e basi c level ,  3 -  t o 4 -
month-old s familiarize d wit h domesti c cat s wil l  generaliz e 
familiarizatio n t o nove l  cats ,  bu t  dishabituat e t o birds , 
horses ,  dogs ,  tiger s an d eve n femal e lions .  Th e dat a provid e 
evidenc e tha t  th e infant s ca n for m a  representatio n fo r  cat s 
tha t  include s nove l  cats ,  bu t  exclude s exemplar s fro m a 
variet y o f  relate d basic-leve l  categories .  Behl-Chadh a (i n 
press )  ha s extende d thes e finding s t o human-mad e artifact s 
by showin g tha t  3 -  t o 4-month-old s ca n for m individuate d 
representation s fo r  chair s an d couche s eac h o f  whic h 
exclude s instance s o f  th e othe r  a s wel l  a s bed s an d tables . 

At  th e globa l  level ,  3 -  an d 4-month-old s familiarize d wit h 
instance s fro m a  numbe r  o f  mammal  categorie s (e.g. .  cats , 
dogs ,  tigers ,  rabbits ,  zebras ,  elephants )  generalize d 
familiarizatio n t o nove l  m a m m al  categorie s (e.g. .  deer) ,  bu t 
dishabituate d t o instance s o f  birds ,  fish  an d furnitur e (Behl -
Chadha ,  i n press) ,  indicatin g tha t  th e infant s ca n fon n a 

representatio n o f  mammal s tha t  include s nove l  mammal 
categories ,  bu t  exclude s instance s o f  non-mammalia n 
animal s (i.e. ,  bird s an d fish)  an d human-mad e artifact s (e.g. , 
furniture) .  I n th e sam e serie s o f  experiments ,  Behl-Chadh a 
obtaine d evidenc e tha t  3 -  t o 4-month-old s ca n als o for m a 
representatio n fo r  furnitur e tha t  include s beds ,  chairs , 
couches ,  dressers ,  an d tables ,  bu t  exclude s th e mammal s 
mentione d above .  Th e evidenc e thu s suggest s tha t  youn g 
infant s ca n for m global-leve l  representation s fo r  a t  leas t 
some natura l  (i.e. .  mammals )  an d artifactua l  (i.e. .  furniture ) 
categories . 

Of  interes t  i s  th e informatio n tha t  enable s infant s t o for m 
categor y representation s a t  th e basi c an d globa l  level s i n 
thes e studies .  Th e ag e o f  th e subject s an d th e natur e o f  th e 
stimul i  (i.e. .  stati c pictoria l  instance s o f  th e categories )  mak e 
i t  improbabl e tha t  th e infant s ar e relyin g o n conceptua l 
knowledg e abou t  th e "kin d o f  thing "  somethin g i s t o 
perfor m successfull y i n thes e task s (cf .  Mandle r  & 
McDonough,  1993) .  Th e studie s therefor e suppor t  th e 
positio n tha t  bot h basi c an d globa l  level s o f  representatio n 
can hav e a  perceptua l  basis . 

Give n thi s stat e o f  affairs ,  a t  leas t  tw o importan t  issue s 
remai n unresolved .  First ,  i s  ther e a  sequenc e t o th e 
developmen t  o f  categor y representation s a t  th e tw o level s i n 
younge r  infant s (i.e. ,  fro m basi c t o globa l  o r  vic e versa) ? 
Second ,  wha t  i s th e basi s o f  suc h a  sequence ? T o examin e 
thes e issues ,  w e hav e bee n explorin g th e emergenc e o f 
basic-leve l  an d global-leve l  categor y representation s i n 
connectionis t  learnin g systems .  Usin g a s inpu t  th e 
dimension s o f  th e stimul i  employe d i n th e experiment s cite d 
above ,  w e hav e foun d tha t  a  variet y o f  tw o layere d (i.e. , 
input-output )  an d thre e layere d (i.e. ,  input-hidden-output ) 
networ k architecture s produc e bot h basic -  an d global-leve l 
categor y representation s an d revea l  tha t  global-leve l 
categorie s preced e basic-leve l  categorie s i n orde r  o f 
appearance .  I n thi s paper ,  w e conside r  th e performanc e o f 
tw o o f  thes e model s i n detai l  an d examin e possibl e reason s 
fo r  th e observe d global-to-basi c developmenta l  trajectory . 

Simulation 1: Global before Basic 
Me tho d 
Networ k Architectur e an d Trainin g Stimuli .  Th e networ k 
had 1 3 inpu t  nodes ,  3  hidde n node s an d 1 0 outpu t  nodes . 
Each hidde n nod e receive d inpu t  fro m al l  1 3 inpu t  node s 
and i n tur n sen t  inpu t  t o al l  1 0 outpu t  nodes .  Th e inpu t 
node s encode d 1 3 attribute s o f  pictoria l  instance s o f  cats , 
dogs ,  elephants ,  rabbits ,  chairs ,  tables ,  bed s an d dresser s -
stimul i  use d i n th e studie s describe d earlie r  (Behl-Chadha , 
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i n press ;  Quin n &  Eimas ,  i n press-a) .  Thes e stimul i  wer e 
realisti c colo r  photographs ,  eac h displayin g a n individua l 
m a m m al  o r  furnitur e item .  The y wer e selecte d t o b e nearl y 
th e sam e siz e a s possibl e s o tha t  th e infan t  woul d us e cue s 
othe r  tha n siz e a s base s fo r  categorization .  Thre e instance s 
of  eac h categor y wer e randoml y selecte d a s trainin g input s 
and a n additiona l  instanc e wa s randoml y selecte d fo r 
generalizatio n testing .  Stimulu s attribute s tha t  serve d a s 
input s wer e hea d length ,  hea d width ,  ey e separation ,  ea r 
separation ,  ea r  length ,  nos e length ,  nos e width ,  mout h 
length ,  numbe r  o f  legs ,  le g length ,  vertica l  exten t  o f  th e 
stimulus ,  horizonta l  exten t  o f  th e stimulus ,  an d tai l  length . 
The attribut e value s wer e measure d directl y fro m th e stimul i 
i n centimeter s an d the n linearl y scale d s o tha t  th e highes t 
valu e o n an y give n attribut e wa s 1.0 .  I f  a  stimulu s di d no t 
posses s a n attribute ,  the n th e valu e fo r  tha t  attribut e wa s 
encode d o n it s respectiv e inpu t  nod e a s 0.0 . 

Thi s manne r  o f  parsin g inpu t  pattern s int o componen t 
attributes ,  an d usin g th e attribut e value s alon g wit h certai n 
assumption s abou t  processin g t o mak e prediction s abou t  th e 
formatio n o f  categor y representations ,  ha s bee n use d i n 
previou s infan t  categorizatio n investigation s (e.g. ,  Strauss , 
1979 ;  Younger ,  1990) .  Th e attribute s o f  horizonta l  an d 
vertica l  exten t  wer e chose n becaus e o f  thei r  correspondenc e 
wit h th e widt h an d heigh t  o f  th e furnitur e an d m a m m al 
stimuli .  Th e larg e numbe r  an d detaile d natur e o f  th e facia l 
attribute s wer e selecte d becaus e o f  evidenc e tha t  infant s ar e 
highl y attracte d t o facia l  configuratio n informatio n (e.g. , 
Johnso n &  Morton ,  1991) .  Youn g infant s als o appea r  t o us e 
informatio n fro m th e fac e an d hea d regio n o f  cat s an d dog s 
t o categoricall y distinguis h betwee n the m (Quin n &  Eimas , 
i n press-b) .  Fo r  example ,  infant s familiarize d wit h ca t 
stimul i  i n whic h onl y th e fac e an d hea d regio n wa s visibl e 
(th e bod y informatio n ha d bee n occluded) ,  preferre d nove l 
do g face s ove r  nove l  ca t  faces .  However ,  infant s 
familiarize d wit h ca t  stimul i  i n whic h onl y th e bod y 
informatio n wa s visibl e (th e fac e an d hea d regio n wa s 
occluded) ,  looke d equivalentl y t o nove l  do g an d ca t  bodies . 
Subsequen t  contro l  experiment s reveale d tha t  th e do g 
preferenc e i n th e "fac e an d hea d visible "  grou p coul d no t  b e 
attribute d t o a  spontaneou s preferenc e fo r  do g face s o r  t o a n 
inabilit y  t o discriminat e amon g ca t  faces .  Facia l  informatio n 
woul d thu s see m t o provid e infant s wit h a  necessar y an d 
sufficien t  basi s t o for m a  categor y representatio n fo r  cat s 
tha t  exclude s dogs .  Quin n an d Eima s als o showe d tha t  th e 
cue s fo r  thi s categor y representatio n o f  cat s reside d i n th e 
interna l  facia l  regio n (inclusiv e o f  th e eyes ,  nos e an d mouth ) 
and alon g th e externa l  contou r  o f  th e head . 

Ten outpu t  node s wer e responsibl e fo r  indicatin g th e basi c 
and globa l  categor y identit y o f  th e stimuli :  cat ,  dog , 
elephant ,  rabbit ,  chair ,  table ,  bed ,  dresser ,  m a m m al  an d 
furniture .  Eac h stimulu s wa s associate d wit h tw o o f  th e te n 
outpu t  nodes ,  on e fo r  th e basi c level ,  th e othe r  fo r  th e globa l 
level .  Give n tha t  th e rang e o f  activatio n o f  th e unit s wa s 
fro m 0. 0 t o 1.0 ,  th e syste m wa s considere d t o hav e correctl y 
recognize d th e categor y identity(ies )  (i.e. ,  globa l  an d basic ) 
fo r  a  give n stimulu s i f  i t  activate d th e outpu t  node(s ) 
associate d wit h tha t  stimulu s t o a  value(s )  greate r  tha n 0.5 0 
and activate d th e outpu t  node s correspondin g t o stimul i 
fro m othe r  categorie s t o value s les s tha n 0.50 . 

Trainin g an d Testin g Procedure .  Trainin g consiste d o f 
presentatio n o f  th e 2 4 stimul i  i n a  rando m orde r  wit h 
replacemen t  fo r  720 0 trainin g sweep s ( 1 swee p =  1 
presentatio n o f  a  singl e stimulus) .  Generalizatio n testin g 
consiste d o f  on e presentatio n o f  a  nove l  exempla r  firo m eac h 
category . 

Implementation. The simulation was run on the neural 
networ k simulato r  tiear n tha t  m a k e s us e o f  a 
backpropagatio n learnin g algorith m (Plunket t  &  Elman ,  i n 
press) .  Th e networ k wa s traine d wit h a  rando m see d o f  47 ,  a 
learnin g rat e o f  0. 3 an d a  m o m e n t u m o f  0.7 .  Comparabl e 
result s wer e obtaine d wit h tw o othe r  rando m seeds .  Thus , 
whil e w e presen t  dat a fro m on e rando m see d i n detail ,  th e 
basi c result s (wit h onl y mino r  variations )  ar e extendabl e t o a 
variet y o f  startin g seed s (an d thi s i s tru e fo r  eac h o f  th e 
simulation s reporte d i n th e paper) . 

Results and Discussion 
Performanc e o f  th e networ k i s show n i n Figur e 1  wher e th e 
Root  M e a n Squar e ( R M S )  Erro r  (reflectin g th e discrepanc y 
betwee n actua l  an d correc t  respons e fo r  a  give n input )  i s 
plotte d a s a  functio n o f  trainin g sweeps .  Categor y learnin g 
bega n a t  12 0 sweep s wit h th e globa l  distinctio n betwee n 
m a m m a ls an d furniture .  A t  96 0 sweeps ,  th e elephan t 
exemplar s wer e learned .  B y 360 0 sweeps ,  th e beds ,  cats , 
dogs ,  dressers ,  rabbit s an d table s wer e categorized .  Learnin g 
was complete d a t  720 0 sweep s whe n chair s wer e correctl y 
classified . 

t.20 0 • 

I  00 0 • 

o.eo o 

0.60 0 • 

0 40 0 . 

0 jo o . 

0 00 0 J 00 0 
Ord«r  o t 
Cat«gor y 
Ejn«rJ«itf K 

SOOO 600 0 7000Swecp * 

Figur e 1 .  Roo t  mea n squar e erro r  o f  Simulatio n 1  a s a 
functio n o f  trainin g sweeps .  Categor y label s alon g th e swee p 
axi s ar e positione d t o sho w th e categorie s tha t  hav e emerge d 
at  120 ,  960 ,  360 0 an d 720 0 sweeps . 

It  is interesting to consider the representations of the input 
pattern s tha t  emerge d o n th e hidde n unit s durin g training . 
Figur e 2  present s a  3-dimensiona l  plo t  o f  th e m e a n 
activatio n value s o n hidde n node s 1 ,  2  an d 3  (relabele d a s X , 
Y an d Z )  generate d b y th e 8  categorie s o f  stimul i  a t  thre e 
point s i n training .  Pane l  A  (left )  show s tha t  a t  8  sweeps ,  al l 
8 categorie s cluste r  closel y together .  Pane l  B  (center )  show s 
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tha t  a t  4 8 0 s w e e p s ,  onl y m a m m a l s an d furnitur e wer e 
segregated .  Finally ,  Pane l  C  (right )  reveal s tha t  a t  7 2 0 0 
sweep s m a m m a l s an d furnitur e wer e segregate d alon g th e z -
axi s an d eac h basic-leve l  categor y ha d it s o w n locatio n 

recognize d a s distinc t  basic-leve l  categorie s i n thi s 
simulation .  T h e result s s h o w tha t  th e global-to-basi c 
sequenc e i s  obtaine d eve n withou t  th e fac e an d tai l 
informatio n fro m th e m a m m al  stimuli ,  indicatin g tha t  i t  i s 

8 S»«*p * 

(« ) 

480 S«««p t 

(b ) 

7200 S>aap i 

(c ) 

Figur e 2 .  M e a n activatio n value s o f  hidde n node s 1 ,  2  an d 3  (relabele d a s X ,  Y  an d Z )  fo r  eac h categor y a t  (a )  8  sweeps ,  (b ) 
48 0 sweep s an d (c )  720 0 sweeps . 

withi n th e " m a m m a l "  an d "furniture "  planes .  Figur e 2  thu s 
provide s a n illustrativ e exampl e o f  h o w categor y structur e 
emerge s ove r  tim e o n th e representationa l  units . 

T h e result s o f  th e simulatio n ar e consisten t  wit h th e 
finding s tha t  youn g infant s ca n for m perceptuall y base d 
categor y representation s fo r  m a m m a l s an d furnitur e a t  bot h 
globa l  an d basi c level s (Behl-Chadha ,  i n press ;  Quin n e t  al. , 
1993) .  Th e complet e learnin g sequenc e i s als o consisten t 
wit h a  developmenta l  progressio n fro m global -  t o basic -
leve l  categor y distinctions ,  a  patter n whic h correspond s wit h 
th e developmenta l  cours e o f  categor y acquisitio n i n olde r 
infants ,  bu t  wit h wha t  wer e presume d t o b e conceptuall y 
base d representation s fo r  animal s an d artifact s (Mandle r  e t 
al. ,  1991 ;  se e als o McClelland ,  McNaughto n &  O'Reilly , 
1995) . 

O ne questio n tha t  arise s i s whethe r  th e earl y appearanc e 
of  th e global-leve l  representation s occurre d becaus e th e 
m a m m a ls provide d activatio n o n th e variou s inpu t  node s 
devote d t o th e processin g o f  fac e an d tai l  information , 
wherea s th e furnitur e stimul i  di d not .  O n e wa y o f  askin g thi s 
questio n is :  Wil l  th e global-to-basi c sequenc e b e observe d i n 
a mode l  operatin g o n inpu t  tha t  doe s no t  includ e th e fac e 
and tai l  information ? T o provid e a n answer ,  w e repeate d th e 
initia l  simulation ,  bu t  i n thi s cas e wit h jus t  4  inpu t  node s 
(numbe r  o f  legs ,  le g length ,  vertica l  exten t  an d horizonta l 
extent) . 

By 720 0 sweeps ,  th e n o face-n o tai l  networ k 
differentiate d th e global-leve l  categories ;  onl y th e basic -
leve l  categor y o f  dresser s ha d appeared  a t  thi s poin t  (an d i f 
on e look s earlie r  int o th e trainin g sequence ,  on e finds  tha t 
dresser s wer e first  responde d t o a s furnitur e an d onl y 
subsequentl y a s dressers) .  Basic-leve l  categorizatio n o f 
rabbit s an d table s (14,40 0 sweeps) ,  elephant s (21,60 0 
sweeps) ,  chair s (28,80 0 sweeps )  an d bed s (43,20 0 sweeps ) 
complete d th e learnin g sequence .  Dog s an d cat s wer e no t 

not  simpl y a  consequenc e o f  specialize d processin g fo r 
m a m m a ls an d tha t  i t  m a y b e generalizabl e beyon d th e 
mammal-furnitur e distinction .  I n addition ,  th e inabilit y  o f 
th e mode l  t o categoricall y differentiat e cat s an d dog s i s 
consisten t  wit h th e finding  tha t  youn g infant s rel y o n hea d 
and fac e informatio n t o distinguis h betwee n the m (Quin n & 
Eimas ,  i n press-b) . 

A secon d issu e raise d b y th e finding  o f  global-to-basi c 
categor y developmen t  i s whethe r  th e globa l  leve l  woul d 
hav e emerge d befor e th e basi c leve l  i f  th e networ k ha d no t 
bee n traine d a t  th e globa l  level .  T o answe r  thi s question ,  w e 
repeate d th e initia l  simulatio n (wit h 1 3 inputs) ,  bu t  i n thi s 
cas e withou t  th e tw o global-leve l  outpu t  nodes .  Ther e wa s 
thu s n o teachin g signa l  a t  th e globa l  level .  Whil e thi s 
manipulatio n prevent s u s fro m determinin g whethe r  th e 
pattern s wer e responde d t o a s mammal s an d furnitur e a t  th e 
outpu t  layer ,  w e ca n stil l  inspec t  th e representatio n o f  th e 
pattern s a t  th e hidde n laye r  a t  differen t  point s durin g 
training . 

What  i s observe d i n thi s simulatio n i s tha t  th e globa l  leve l 
of  representatio n stil l  emerge s befor e th e basi c level .  A t  48 0 
sweeps ,  th e mea n activatio n value s fo r  cats ,  dogs ,  elephant s 
and rabbit s o n hidde n nod e 1  wer e 0.191 ,  0.160 ,  0.08 4 an d 
0.212 ,  wherea s thos e fo r  chairs ,  tables ,  bed s an d dresser s 
wer e 0.816 ,  0.795 ,  0.83 3 an d 0.831 .  Thi s global-leve l 
separatio n wa s maintaine d throughou t  th e remainde r  o f 
training .  I n contrast ,  hidde n node s 2  an d 3  a t  48 0 sweep s di d 
not  allo w fo r  partitionin g o f  input s int o basic-leve l 
categories .  Consisten t  wit h thes e observation s i s th e timin g 
of  emergenc e o f  th e basic-leve l  categorie s a s assesse d b y 
thei r  correspondin g outpu t  activatio n values .  Elephant s wer e 
distinguishe d a t  96 0 sweeps ,  followed  b y dogs ,  rabbits , 
chair s an d dresser s a t  36(X )  sweeps ,  bed s a t  720 0 sweep s an d 
cat s an d table s a t  10,80 0 sweeps .  Th e result s o f  thi s 
simulatio n ar e importan t  becaus e the y sugges t  tha t  th e earl y 

640 



appearanc e o f  global-leve l  categorie s occur s eve n whe n th e 
networ k i s no t  bein g traine d a t  th e globa l  level .  Th e globa l 
leve l  ma y thu s b e though t  o f  a s a  "primary "  representatio n 
tha t  occur s i n th e cours e o f  mappin g a  se t  o f  structure d (bu t 
uncategorized )  input s ont o basic-leve l  categories . 

Simulation 2: Arbitrary Global-level Category 

L e a r n i n g 
I n thi s section ,  w e examin e a  possibl e reaso n fo r  th e global -
to-basi c developmenta l  sequence .  O n e ide a i s tha t  globa l 
occur s befor e basi c becaus e o f  th e natur e o f  global-leve l 
categories .  Thi s ide a ca n b e teste d b y orthogonalizin g (i.e. , 
crossing )  th e stimulu s dimension s relevan t  fo r  th e globa l 
level .  Tha t  is ,  on e ca n chang e th e natur e o f  th e categorie s a t 
th e globa l  leve l  an d determin e i f  th e global-to-basi c tren d 
stil l  emerges .  T o thi s end ,  w e examine d th e performanc e o f 
a networ k taugh t  t o assig n cats ,  elephants ,  chair s an d bed s t o 
one arbitrar y global-leve l  categor y calle d A  an d t o respon d 
t o dogs ,  rabbits ,  table s an d dresser s a s member s o f  a  secon d 
global-leve l  categor y calle d B . 

Method 
The onl y chang e fro m th e first  simulatio n describe d i n th e 
precedin g sectio n wa s tha t  th e outpu t  nod e previousl y 
codin g fo r  m a m m a l s wa s reassigne d t o cod e fo r  A  stimul i 
(cats ,  elephants ,  chair s an d beds )  an d th e outpu t  nod e tha t 
earlie r  code d fo r  furnitur e n o w code d fo r  B  stimul i  (dogs , 
rabbits ,  table s an d dressers) . 

and chair s an d bed s (36(X )  sweeps )  activate d th e A  outpu t 
node ,  an d conclude d wit h table s recognize d a s member s o f 
th e B  categor y (720 0 sweeps) .  Thus ,  bot h arbitrar y global -
leve l  an d basic-leve l  categorie s wer e learned ,  bu t  i n n o 
particula r  order . 

A mor e comple x pictur e regardin g performanc e o f  thi s 
simulatio n emerge s whe n on e examine s th e mea n activatio n 
value s o n th e 3  hidde n node s fo r  th e variou s categories . 
Figur e 3  present s a  3-dimensiona l  plo t  o f  thes e value s a t  8 , 
48 0 an d 720 0 sweeps .  Th e 8  sweep s plo t  (Pane l  A )  reveal s 
no clea r  partitionin g o f  th e categories .  However ,  a t  48 0 
sweep s (Pane l  B ) ,  th e m a m m a l s an d furnitur e hav e bee n 
segregated ,  indicatin g tha t  perceptua l  global-leve l  categor y 
structur e emerge d eve n whe n th e networ k wa s bein g taugh t 
on a  differen t  "arbitrary "  (i.e. ,  non-perceptual )  global-leve l 
distinction .  A t  720 0 sweep s (Pane l  C ) .  th e arbitrar y globa l 
differentiatio n int o categorie s A  an d B  ha s appeared .  Ther e 
i s als o a  segregatio n o f  m a m m a l s an d furniture .  Thi s figure 
reveal s tha t  th e hidde n node s code d fo r  tw o distinc t  globa l 
level s o f  representatio n durin g th e cours e o f  training :  a n 
initia l  "perceptuall y based "  globa l  leve l  o f  m a m m a l s an d 
furnitur e an d a  subsequen t  "conceptuall y based "  globa l  leve l 
of  A  an d B .  Suc h a  finding  i s consisten t  wit h th e ide a tha t 
distinc t  perceptua l  an d conceptua l  representation s develo p 
fo r  objec t  categorie s durin g earl y developmen t  (Mandle r  & 
McDonough ,  1993) . 

Th e majo r  resul t  o f  thi s simulatio n i s tha t  manipulatin g 
th e structur e o f  th e globa l  leve l  categorie s interfere d wit h 
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Figur e 3 .  M e a n activatio n value s o f  hidde n node s 1 ,  2  an d 3  (relabele d a s X ,  Y  an d Z )  fo r  eac h categor y a t  (a )  8  sweeps ,  (b ) 
48 0 sweep s an d (c )  720 0 sweeps .  I n (c )  th e connecte d point s indicat e m e m b e r s o f  on e arbitrar y global-leve l  category . 

Separatio n betwee n perceptua l  global-leve l  categorie s ca n als o b e seen . 

Result s a n d Discussio n 
I n thi s simulation ,  learnin g occurre d a t  bot h basi c an d 
arbitrar y globa l  levels ,  withou t  on e leve l  clearl y precedin g 
th e other .  A t  th e basi c level ,  th e orde r  o f  classificatio n o f  th e 
trainin g exemplar s was :  elephant s (96 0 sweeps) ,  rabbit s 
(192 0 sweeps) ,  cat s an d dresser s (276 0 sweeps) ,  an d dogs , 
tobies  an d bed s (360 0 sweeps) .  Chairs ,  eve n a t  720 0 sweeps , 
faile d t o elici t  a  consisten t  respons e fro m th e appropriat e 
outpu t  node .  Learnin g a t  th e arbitrar y globa l  leve l  als o 
bega n a t  9 6 0 sweep s wit h elephant s activatin g th e A  outpu t 
nod e an d dogs ,  rabbit s an d dresser s activatin g B .  Arbitrar y 
global-leve l  classificatio n continue d a s cat s (192 0 sweeps ) 

th e global-to-basi c orde r  o f  categor y deve lopmen t  a t  leas t 
fo r  th e arbitrar y global-leve l  categories .  N o clea r  timin g 
differenc e w a s observe d i n th e emergenc e o f  representation s 
at  th e basi c an d arbitrar y globa l  levels .  H o w e v e r ,  th e 
perceptua l  globa l  leve l  (i.e. ,  m a m m a l s distinc t  f ro m 
furniture )  w a s th e first  leve l  o f  categor y representatio n t o 
appear ,  eve n thoug h th e networ k w a s no t  explicitl y  taugh t  t o 
m a ke thi s distinction .  T h e overal l  patter n o f  performanc e 
thu s indicate s tha t  th e natur e o f  globa l  categorie s (i.e. , 
perceptua l  vs .  arbitrary )  i s  a  critica l  facto r  i n thei r  earl y 
appearanc e durin g training . 
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G e n e r a l  D iscuss io n 

Connectionis t  account s o f  cognitiv e developmen t  ar e 
growin g i n influenc e (Elman ,  Bates .  Karmiloff-Smith , 
Johnson ,  Paris i  &  Plunicett .  i n press ;  McClelland ,  1989 )  an d 
thi s pape r  represent s a n attemp t  t o appl y a  connectionis t 
analysi s t o th e issu e o f  h o w categor y representation s aris e a t 
basi c an d globa l  level s durin g earl y development .  A  se t  o f 
simpl e networ k simulation s wer e foun d t o lear n categorie s 
at  basi c an d globa l  level s an d i n a  global-to-basi c sequence . 

A strikin g resul t  o f  th e simulatio n wit h arbitrar y global -
leve l  categor y trainin g wa s tha t  bot h perceptua l  an d 
arbitrar y global-leve l  categorie s wer e formed ,  despit e ther e 
bein g n o explici t  trainin g fo r  th e former .  Thi s i s reminiscen t 
of  th e view s o f  Mandle r  &  M c D o n o u g h (1993 )  w h o hav e 
argue d fo r  distinc t  perceptua l  an d conceptua l  level s o f 
categor y representatio n i n huma n infants .  A  ke y differenc e 
betwee n ou r  mode l  an d th e on e propose d b y Mandle r  & 
M c D o n o u g h i s tha t  i n ou r  mode l  a  singl e networ k form s 
bot h type s o f  representations ,  wherea s i n thei r  vie w 
perceptua l  an d conceptua l  representation s ar e th e product s 
of  tw o complementar y processes . 

Predictions 
Model s ar e ofte n judge d b y th e degre e t o whic h the y ca n 
generat e interestin g experimenta l  predictions .  W e therefor e 
offe r  th e following : 

1.  O n th e assumption s tha t  ou r  result s generaliz e t o othe r 
categorie s an d tha t  th e early-appearin g representation s tha t 
hav e emerge d fo r  global-leve l  categorie s ar e stronge r  tha n 
those  codin g fo r  th e later-appearin g basic-leve l  categorie s 
(cf .  Munakata ,  McClelland ,  Johnson ,  &  Siegler ,  submitted) , 
i t  shoul d b e possibl e t o manipulat e tas k parameter s tha t  wil l 
m a ke categorizatio n mor e difficul t  an d observ e tha t  basic -
leve l  representation s ar e affecte d t o a  greate r  degre e tha n 
thos e a t  th e globa l  level .  Fo r  example ,  reducin g th e amoun t 
of  tim e a  stimulu s i s expose d t o a n infan t  decrease s it s 
memorabilit y  (Pagan ,  1974) ,  s o reducin g th e amoun t  o f 
familiarizatio n tim e fo r  eac h o f  a  grou p o f  exemplar s shoul d 
m a ke categorizatio n m o r e difficult .  T h e reporte d 
simulation s sugges t  tha t  basic-leve l  distinction s woul d b e 
th e first  t o b e affecte d b y a  moderat e decreas e i n stud y tim e 
per  exemplar . 

2.  Bot h global -  an d basic-leve l  categor y representation s 
hav e bee n observe d wit h 3 -  t o 4-month-ol d infant s (e.g. , 
Quin n &  Eimas ,  i n press-a) .  Th e global-to-basi c sequenc e 
observe d i n th e simulation s woul d therefor e predic t  tha t 
global-leve l  representation s shoul d emerg e befor e basic -
leve l  one s sometim e prio r  t o 3  month s o f  age . 

3.  I t  shoul d b e possibl e t o trai n model s wit h on e o r  mor e 
delete d inpu t  node s an d examin e which ,  i f  any ,  categor y 
representation s fai l  t o emerge .  Suc h manipulation s shoul d 
be helpfu l  i n determinin g whic h aspect s o f  th e inpu t  ar e 
critica l  fo r  certai n categor y distinctions .  Fo r  example ,  th e n o 
face-n o tai l  mode l  predict s tha t  fac e an d tai l  informatio n i s 
not  necessar y fo r  makin g th e categor y distinctio n betwee n 
m a m m a ls an d furniture ,  a  predictio n tha t  ca n b e teste d o n 
infant s wit h simpl e alteration s t o th e m a m m al  stimuli .  I n 
addition ,  i t  shoul d b e possibl e t o remov e on e o r  mor e input s 
fro m th e fac e an d hea d regio n o f  cat s an d dog s t o predic t 
whic h ar e neede d t o m a k e thi s basic-leve l  distinction . 

prediction s tha n ca n b e teste d b y presentin g altere d ca t  an d 
do g stimul i  t o infant s (cf .  Quin n &  Eimas ,  i n press-b) . 

4.  Th e arbitrar y global-leve l  categor y learnin g simulatio n 
indicate s tha t  i t  m a y b e possibl e t o trai n subjects ,  eithe r 
infant s o r  toddlers ,  t o assig n stimul i  t o arbitrar y global-leve l 
categories .  Th e simulatio n als o predict s tha t  i n th e contex t 
of  suc h trainin g a n initia l  perceptua l  globa l  leve l  o f  categor y 
representatio n wil l  preced e formatio n o f  bot h basic -  an d 
arbitrar y global-leve l  categories . 

S.  I t  i s  o f  interes t  t o examin e th e representation s tha t 
emerg e i n model s wit h large r  number s o f  hidde n nodes .  Fo r 
example ,  w e hav e observe d tha t  whe n th e numbe r  o f  hidde n 
node s i s 8 ,  9 ,  1 0 o r  11 ,  th e global-to-basi c sequenc e stil l 
emerges .  I n addition ,  durin g th e cours e o f  training ,  ther e i s a 
gradua l  decreas e i n th e proportio n o f  th e overal l 
representatio n tha t  code s fo r  th e globa l  leve l  an d a  gradua l 
increas e i n th e proportio n o f  th e overal l  representatio n tha t 
code s fo r  th e basi c level .  Thes e findings  predic t  tha t  i f 
infant s coul d b e repeatedl y familiarize d wit h instance s o f  a 
give n categor y i n successiv e sessions ,  the n ther e woul d b e a 
stead y transitio n fro m global -  t o basic-leve l  representation . 
T h e result s als o predic t  tha t  frequentl y experience d 
environmenta l  stimul i  m a y ten d t o elici t  basic-leve l 
respondin g (albei t  subsequen t  t o global-leve l  responding) . 

Concluding Comments 
I n ou r  view ,  a  strengt h o f  th e approac h w e hav e presente d i s 
th e correspondenc e betwee n th e experimenta l  wor k o n 
infan t  categorizatio n an d th e networ k simulations .  Tha t  is , 
th e inpu t  t o th e model s wer e th e dimension s o f  stimul i 
presente d t o infant s i n a  serie s o f  studie s o n th e developmen t 
of  perceptua l  categorizatio n i n earl y infanc y (Quin n & 
Eimas ,  i n press-a) .  Dat a fro m th e experimenta l  studie s wer e 
use d i n decision s abou t  wha t  input s t o presen t  t o th e models . 
Ther e i s als o evidenc e tha t  infant s us e correlate d attribut e 
informatio n t o perfor m successfull y i n variou s kind s o f 
categorizatio n task s (e.g. .  Younger ,  1990 )  ~  a  manne r  o f 
informatio n processin g tha t  i s broadl y consisten t  wit h th e 
way i n whic h neura l  network s lear n information . 

A limitatio n o f  th e inpu t  schem e use d i n thes e simulation s 
i s tha t  th e visua l  representation s infant s (o r  adults )  us e t o 
recogniz e object s ar e stil l  unknown .  Moreover ,  w e di d no t 
us e th e objec t  parsin g scheme s advocate d i n som e 
contemporar y model s o f  objec t  recognitio n (e.g. , 
Biederman ,  1987) .  I t  therefor e become s importan t  t o 
examin e whethe r  implementation s o f  ou r  model s wit h a 
rang e o f  inpu t  description s woul d produc e comparabl e 
results .  However ,  w e believ e tha t  ou r  basi c observation s o n 
perceptua l  categor y formatio n wil l  b e robus t  fo r  th e reaso n 
tha t  al l  model s o f  objec t  recognitio n woul d encod e greate r 
similarit y betwee n differen t  m a m m a l s tha n betwee n a 
m a m m al  an d a n ite m o f  furniture ,  fo r  example .  I t  i s  thi s 
similarit y structur e i n th e inpu t  tha t  w e believ e t o b e 
importan t  fo r  th e result s obtained ,  rathe r  tha n th e detail s o f 
what  element s o f  th e visua l  arra y ar e encoded . 

A secon d possibl e limitatio n i s tha t  th e network s reporte d 
i n thi s pape r  wer e traine d b y a  backpropagatio n learnin g 
algorith m -  a  teachin g signa l  tha t  drive s th e gradua l 
reductio n o f  erro r  observe d i n th e networks .  O n e ca n clai m 
tha t  thi s manne r  o f  learnin g i s questionabl e i n th e presen t 
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contex t  fo r  a t  leas t  tw o reasons .  First ,  ther e ar e som e wh o 
maintai n tha t  backpropagatio n i s a  biologicall y unrealisti c 
for m o f  learnin g (e.g. .  Crick ,  1989) .  Second ,  ther e i s n o 
externa l  teache r  supervisin g infant s i n th e perceptua l  kind s 
of  categorizatio n task s w e hav e attempte d t o simulate . 

We mak e thre e observation s regardin g thes e points .  First , 
at  leas t  on e leve l  o f  categor y representation ,  th e perceptua l 
globa l  level ,  wa s obtaine d withou t  a n explici t  teachin g 
signal .  Second ,  backpropagatio n ha s no t  bee n rule d ou t  a s a 
biologicall y plausibl e for m o f  learning .  Fo r  example , 
Plunket t  (1996 )  ha s speculate d tha t  backprojectin g neuron s 
migh t  b e on e mechanis m b y whic h backpropagatio n i n th e 
nervou s syste m coul d b e accomplished .  Third , 
backpropagatio n i s though t  t o b e on e o f  a n equivalenc e clas s 
of  learnin g algorithm s wit h simila r  computationa l 
properties .  Fo r  example ,  network s traine d wit h 
backpropagatio n i n som e instance s develo p th e sam e 
representation s a s thos e produce d b y mor e biologicall y 
plausible ,  Hebbia n learnin g algorithm s (e.g. ,  Plau t  & 
Shallice ,  1993) . 

I n conclusion ,  w e believ e tha t  man y o f  th e effect s w e 
hav e observe d i n thes e simulation s woul d b e extendabl e t o 
othe r  connectionis t  architectures ,  inpu t  formats ,  an d learnin g 
rule s (includin g unsupervise d networks) .  W e als o believ e 
tha t  th e finding s o f  th e simulation s alon g wit h th e 
experimenta l  prediction s generate d fro m the m represen t  a n 
importan t  firs t  ste p towar d a  researc h progra m whic h 
combine s experimenta l  studie s o f  infan t  categorizatio n wit h 
technique s o f  connectionis t  modelling .  Suc h a  progra m ma y 
hol d promis e fo r  developin g a  formalize d accoun t  o f 
categor y formatio n b y youn g infants . 
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