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Abstract 

An unusual asymmetry has been observed in natural 
categor y formatio n i n infant s (Quinn ,  Eimas ,  an d 
Rosenkrantz ,  1993) .  Infant s wh o ar e initiall y  expose d t o a 
serie s o f  picture s o f  cat s an d the n ar e show n a  do g an d a 
nove l  cat ,  sho w significantl y mor e interes t  i n th e do g tha n 
i n th e cat ,  However ,  whe n th e orde r  o f  presentatio n i s 
reverse d — dog s ar e see n first,  the n a  ca t  an d a  nove l  do g — 
th e ca t  attract s n o mor e attentio n tha n th e dog .  We sho w 
tha t  a  simpl e connectionis t  networ k ca n mode l  thi s 
unexpecte d learnin g asymmetr y an d propos e tha t  thi s 
asymmetr y arise s naturall y fro m th e asymmetri c overlap s 
of  th e featur e distribution s o f  th e tw o categories .  Th e 
value s o f  th e ca t  feature s ar e subsume d b y thos e o f  do g 
features ,  bu t  no t  vice-versa .  Th e autoencode r  use d fo r  th e 
experiment s presente d i n thi s pape r  als o reproduce s 
exclusivit y effect s i n th e tw o categorie s a s wel l  th e 
reporte d effec t  o f  catastrophi c interferenc e o f  dog s o n 
previousl y learne d cats ,  bu t  no t  vice-versa .  Th e result s o f 
th e modelin g sugges t  connectionis t  method s ar e idea l  fo r 
explorin g earl y infan t  knowledg e acquisition . 

Introduction 

Memory an d categorisatio n li e s o deepl y a t  th e hear t  o f 
human cognitio n tha t  the y ar e t o b e foun d i n eve n ver y 
youn g infants .  Newborn s ca n remembe r  visuall y presente d 
informatio n ove r  lon g retentio n interval s (Slater ,  1995 )  Ver y 
youn g infant s ca n als o b e show n t o separat e comple x 
visuall y presente d stimul i  int o distinc t  categorie s (Quin n & 
Eimas ,  1996) .  Categorisatio n i s a  mean s o f  reducin g th e 
loa d o n memor y (Rosch ,  1975) .  I t  remain s intimatel y relate d 
t o memor y a t  al l  ages .  Althoug h a  numbe r  o f  connectionis t 
model s o f  adul t  memor y an d categorisatio n hav e bee n 
publishe d (e.g. ,  Shanks ,  1991 ;  Knap p &  Anderson ,  1984 ) 
no attempt s hav e bee n mad e t o exten d thes e model s (o r  t o 
devis e ne w models )  i n orde r  t o accoun t  fo r  th e particularitie s 
of  bot h infan t  memor y an d categorisation .  Th e on e partia l 
exceptio n i s Quin n &  Johnso n (1996 )  wh o mode l  hierarch y 
effect s i n th e acquisitio n o f  concept s durin g infancy . 

I n thi s paper ,  w e presen t  a  simpl e connectionis t  mode l  o f 
memory an d categorisatio n i n earl y infanc y tha t  target s 
behavior s specifi c  t o tha t  ag e range .  I n particular ,  w e focu s 
on:(a )  th e abilit y t o categoriz e comple x visua l  stimuli ,  (b ) 
th e asymmetr y effec t  i n earl y categorisation ,  an d (c ) 
interferenc e effect s i n earl y memory .  B y usin g a  mechanis m 
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that provides a good account of adult performance, this 
model  underscore s th e continuit y tha t  exist s betwee n earl y 
(pre-linguistic )  memor y an d categorisatio n abilitie s an d tha t 
of  matur e adults . 

Quin n an d Eima s hav e show n a n unexpecte d asymmetr y 
i n categor y learnin g i n youn g infants ,  (e.g. ,  Quinn ,  Eimas , 
& Rosenkrantz ,  1993 ;  Eimas ,  Quinn ,  &  Cown ,  1994) . 
When 3 -  t o 4-month-ol d infant s ar e show n differen t 
photograph s o f  eithe r  cat s o r  dog s the y ca n for m perceptua l 
categorie s o f  eithe r  group s o f  pictures .  Infant s wh o ar e firs t 
shown a  numbe r  o f  differen t  photograph s o f  cat s an d ar e the n 
shown a  pictur e o f  a  do g alon g wit h a  nove l  pictur e o f  a  ca t 
wil l  b e muc h mor e attentiv e t o th e do g tha n th e nove l  cat . 
Thi s i s interprete d a s showin g tha t  th e infant s hav e forme d a 
categor y o f  Ca t  tha t  exclude s dogs .  I n shar p contrast ,  infant s 
who ar e first  show n differen t  photograph s o f  dog s an d ar e 
the n show n a  pictur e o f  a  ca t  alon g wit h a  nove l  do g wil l 
not  b e preferentiall y  attentiv e t o eithe r  picture .  Thi s i s 
interprete d a s showin g tha t  infant s hav e forme d a  categor y o f 
Dog tha t  include s cats .  Henc e infant s sho w a n exclusivit y 
asymmetr y i n th e developmen t  o f  som e perceptua l 
categories .  Here ,  th e Do g categor y doe s no t  exclud e cat s 
wherea s th e Ca t  categor y exclude s dogs . 

Anothe r  unexpecte d findin g ha s t o d o wit h infan t  memory . 
Althoug h infant s clearl y sho w long-ter m retentio n o f  visua l 
stimuli ,  unde r  som e condition s th e presentatio n o f 
intervenin g materia l  durin g th e retentio n interva l  lead s t o 
catastrophi c interferenc e wit h th e origina l  materia l 
completel y eradicate d (e.g. ,  Cohe n &  Gelber ,  1975 ; 
Deloache ,  1976 ;  McCall ,  Kennedy ,  &  Dodds ,  1978) . 
Interferenc e effect s decreas e wit h ag e bu t  continu e wel l  int o 
late r  infanc y (Rovee-Collie r  &  Boiler ,  1995) .  Thi s 
correspond s t o th e perio d durin g whic h infant s ar e improvin g 
thei r  categorisatio n abilitie s (Quin n &  Eimas ,  1996) .  A s a 
resul t  o f  improve d categorisatio n abilitie s on e woul d expec t 
th e loa d o n memor y t o decreas e and ,  hence ,  tha t  th e 
developmenta l  profile s o f  thes e tw o skill s  woul d appea r 
coupled .  Th e mode l  i n thi s pape r  constitute s a n explici t 
proposa l  o f  ho w memor y an d categorizatio n ar e linke d i n 
thi s domain . 

The res t  o f  thi s pape r  unfold s a s follows .  W e begi n wit h a 
brie f  discussio n o f  ho w infan t  preferentia l  lookin g behavior s 
can b e mappe d ont o th e perfonnanc e o f  a  connectionis t 
network .  Thi s argumen t  i s  base d o n Solokov' s (1963 ) 
classi c mode l  o f  habituatio n o f  th e orientin g refle x i n whic h 

Bot h author s hav e contribute d equall y t o th e developmen t  o f  thi s paper . 
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an interna l  representatio n o f  a n externa l  stimulu s i s 
constructe d an d embellishe d eac h tim e th e organis m 
encounter s th e sam e stimulu s i n th e sam e context .  Next ,  w e 
discus s th e propertie s o f  th e inpu t  stimuli .  Thi s i s a  critica l 
ste p sinc e bot h infant s (Younger ,  1985 )  an d conneclionis t 
network s (e.g. ,  Rumelhar t  &  McClelland ,  1986 )  ar e know n 
t o categoriz e base d o n th e correlationa l  structur e o f  th e inpu t 
features .  Then ,  th e model' s performanc e i s presente d wit h 
respec t  t o th e asymmetri c categorisatio n an d memor y 
interferenc e effects .  W e als o describ e a  nove l  predictio n o f 
th e model :  a n asymmetri c interferenc e effect .  Finally ,  thes e 
result s ar e discusse d wit h respec t  t o bot h infan t  cognitio n 
and connectionis t  modeling . 

The Model 
Infan t  categorizatio n task s rel y o n preferentia l  lookin g 

technique s base d o n th e finding  tha t  infant s direc t  attentio n 
more t o unfamilia r  o r  unexpecte d stimuli .  Th e standar d 
interpretatio n o f  thi s behavio r  i s tha t  th e infant s ar e 
comparin g th e inpu t  stimul i  t o a n interna l  representatio n o f 
tha t  stimulu s (e.g. ,  Solokov ,  1963 ;  Charlesworth ,  1969 ; 
Cohen,  1973) .  A s lon g a s ther e i s a  discrepanc y betwee n th e 
informatio n store d i n th e interna l  representatio n an d th e 
visua l  inpu t  th e infan t  continue s t o atten d t o th e stimulus . 
Whil e attendin g t o th e stimulu s th e infan t  update s it s 
interna l  representation .  W h e n th e informatio n i n th e interna l 
representatio n i s n o longe r  discrepan t  wit h th e visua l  input , 
attentio n i s switche d elsewhere .  Whe n a  familia r  objec t  i s 
presente d ther e i s littl e o r  n o attendin g becaus e th e infan t 
alread y ha s a  reliabl e interna l  representatio n o f  tha t  object .  I n 
contrast ,  whe n a n unfamilia r  o r  unexpecte d objec t  i s 
presented ,  ther e i s a  lo t  o f  attendin g becaus e a n interna l 
representatio n ha s t o b e constructe d o r  adjusted .  Th e degre e 
t o whic h th e nove l  objec t  differ s fro m existin g interna l 
representation s determine s th e amoun t  o f  adjustin g tha t  ha s 
t o b e done ,  an d henc e th e duratio n o f  attention. ^ 

We use d a n autoencode r  t o mode l  thi s process .  Learnin g i n 
an autoencode r  consist s o f  developin g a n interna l 
representatio n o f  th e inpu t  (a t  th e hidde n uni t  level )  tha t  i s 
sufficientl y reliabl e t o reproduc e al l  th e informatio n i n th e 
origina l  inpu t  (Cottrell ,  Munro ,  &  Zipser ,  1988) . 
Informatio n i s firs t  compresse d int o a n interna l 
representatio n an d the n expande d t o reproduc e th e origina l 
input .  Th e successiv e cycle s o f  trainin g i n th e autoencode r 
ar e a n iterativ e proces s b y whic h a  reliabl e interna l 
representatio n o f  th e inpu t  i s developed .  Th e reliabilit y  o f 
th e representatio n i s teste d b y expandin g i t  an d comparin g 
th e resultin g prediction s t o th e actua l  stimulu s bein g 
encoded . 

We sugges t  tha t  durin g th e perio d o f  capture d attentio n 
infant s ar e activel y involve d i n a n iterativ e proces s o f 
encodin g th e visua l  inpu t  int o a n interna l  representatio n an d 
the n assessin g tha t  representatio n agains t  th e continuin g 
perceptua l  input .  Thi s i s accomplishe d b y usin g th e interna l 
representatio n t o predic t  wha t  th e propertie s o f  th e stimulu s 
are .  A s lon g a s th e representatio n fail s  t o predic t  th e 

stimulu s properties ,  th e infan t  continue s t o fixate  th e 
stimulu s an d t o updat e th e interna l  representations .  Simila r 
interpretation s hav e bee n suggeste d elsewher e (Mareschal , 
Plunkett ,  &  Harris ,  1995 ;  Munakata ,  McClelland ,  Johnson , 
& Siegler ,  1994) . 

Ther e ar e severa l  implication s t o thi s modelin g approach . 
Lookin g tim e i s monotonicall y relate d t o th e networ k error . 
The greate r  th e error ,  th e longe r  th e lookin g time .  Stimul i 
presente d fo r  a  ver y shor t  tim e wil l  b e encode d les s wel l  tha n 
thos e presente d fo r  a  longe r  period .  However ,  prolonge d 
exposur e afte r  erro r  (attention )  ha s falle n of f  wil l  no t 
improv e memor y o f  th e stimulus .  Th e degre e t o whic h erro r 
(lookin g time )  increase s o n presentatio n o f  a  nove l  objec t 
depend s o n th e similarit y betwee n th e nove l  objec t  an d th e 
familia r  object .  Presentin g a  serie s o f  simila r  object s lead s 
t o a  progressiv e erro r  dro p o n futur e simila r  objects .  A 
prototyp e o f  th e se t  o f  object s lead s t o lowe r  erro r  tha n 
individua l  objects .  Al l  o f  thi s  i s tru e o f  bot h autoassociator s 
(wher e outpu t  erro r  i s th e measurabl e quantity )  an d infant s 
(wher e lookin g tim e i s th e measurabl e quantity) . 

The result s reporte d belo w ar e base d o n th e performanc e o f 
a standar d 10-8-1 0 feedforwar d backpropagatio n network .  Th e 
learnin g rat e wa s se t  t o 0. 9 an d momentu m t o 0.9 .  T o spee d 
up learning ,  a  Fahlma n offse t  o f  0. 1 wa s als o use d 
(Fahlman ,  1988) .  Network s wer e traine d fo r  a  max imu m o f 
250 epoch s o r  unti l  al l  outpu t  bit s wer e withi n 0. 2 o f  thei r 
targets .  Thi s wa s mean t  t o reflec t  th e fac t  tha t  i n th e Quin n 
and Eima s studie s infant s wer e show n pictiû e s fo r  a  fixed 
duratio n o f  tim e rathe r  tha n usin g a  proportiona l  lookin g 
tim e criterion .  Result s ar e average d ove r  5 0 replications . 

Twelv e item s Iro m on e categor y wer e presente d 
sequentiall y  t o th e networ k i n group s o f  tw o (i.e. ,  weight s 
wer e update d i n batche s o f  two) .  Thi s wa s mean t  t o c^tur e 
th e fac t  tha t  pair s o f  picture s wer e presente d t o th e infant s 
durin g th e habituatio n phase .  Afte r  exposur e t o th e twelv e 
patterns ,  th e network s wer e teste d o n a n ite m o f  th e sam e 
categor y an d a n ite m o f  th e othe r  (unseen )  category . 

The Data 
The dat a wer e obtaine d fro m measurement s o f  th e origina l 

Cat  an d Do g picture s use d b y Eima s an d Quinn .  Ther e wer e 
18 dog s an d 1 8 cat s classifie d accordin g t o th e followin g te n 
traits :  hea d length ,  hea d width ,  ey e separation ,  ea r 
separation ,  ea r  length ,  nos e length ,  nos e width ,  le g lengt h 
vertica l  extent ,  an d horizonta l  extent .  Althoug h i t  i s difficul t 
t o sa y fo r  certai n whic h feature s th e infant s ar e usin g durin g 
categorisation ,  i t  i s wel l  know n tha t  infant s segregat e item s 
int o categorie s o n th e basi s o f  cluster s o f  correlate d 
attribute s o f  differen t  value s (Younger ,  1985 ;  se e Quin n an d 
Johnson ,  199 6 fo r  a  detaile d justificatio n thes e inpu t 
features) .  Th e featur e value s wer e normalize d t o b e withi n 0 
and 1 . 

Each featur e i s assume d t o b e normall y distributed .  Figur e 
1 show s th e fitted  gaussia n frequenc y distribution s o f  th e 1 0 
trait s  fo r  bot h cat s an d dogs .  Som e o f  th e trait s ar e ver y 

Thi s proces s ca n b e interrupte d a t  an y poin t  b y th e 
interventio n o f  a  mor e salien t  event .  Se e Hoo d (1995 )  fo r  a 
thoroug h revie w o f  wha t  determine s infan t  selectiv e attention . 
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hea d lengt h hea d widt h ey e separatio n 
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ea r  separatio n ea r  lengt h 

nos e lengt h nos e widt h le g lengt h vertica l  exten t  horizonta l  exten t 
Figur e I .  Fitte d gaussia n frequency  distribution s o f  value s o f  th e te n definin g trait s fo r 
bot h population s o f  1 8 dog s an d 1 8 cats .  Th e dar k lin e indicate s th e distributio n fo r  th e 
"dog "  category . 

simila r  i n term s o f  thei r  mean s an d distributio n o f  bot h cat s 
and dog s (e.g .  hea d lengt h an d hea d width) .  Others , 
especiall y nos e lengt h an d nos e width ,  ar e ver y differen t  an d 
wil l  provid e th e crucia l  explanatio n o f  th e unexpecte d 
attentiona l  asymmetrie s reporte d b y Quinn ,  Eimas ,  & 
Rosenkrant z (1993 )  an d Eimas ,  Quinn ,  &  C o w n (1994) . 

Conside r  a  singl e trait ,  fo r  example ,  "nos e width. "  Figur e 
2 show s th e probabilit y  distribution s fo r  thi s trai t  fo r  bot h 
dog s an d cats .  Th e (normalized )  mea n nos e widt h fo r  th e do g 
populatio n i s 0.5 3 wit h a  standar d deviatio n (o )  o f  0.2 , 
wherea s th e mea n fo r  th e ca t  populatio n i s 0.2 4 wit h a  muc h 
smalle r  standar d deviatio n o f  0.07 .  Consequently ,  th e nos e 
widt h o f  virtuall y al l  cat s i n th e populatio n wil l  fal l  withi n 
tw o standar d deviation s o f  th e nose-widt h mea n fo r  dogs .  O n 
th e othe r  hand ,  th e nos e widt h o f  th e majorit y o f  dog s doe s 
not  fal l  withi n 2 a o f  th e nose-widt h mea n fo r  cats .  Th e 
result ,  i n short ,  i s  tha t  a t  leas t  fo r  thi s trait ,  al l  cat s coul d b e 
exemplar s o f  dogs ,  wherea s mos t  dog s coul d no t  b e cats . 

Figur e 2 .  Th e distribution s o f  th e "nose-width "  trai t  fo r  th e 
populatio n o f  cat s an d dog s show n t o infant s b y Quinn , 
Eima s &  Rosenkrantz ,  1993 . 

Referring again to Figure 1, it is clear that in almost all 
case s th e distributio n fo r  eac h D o g trai t  (represente d b y th e 
dar k line )  subsume s th e distributio n fo r  correspondin g trai t 
fo r  cats .  Th e narrowe r  distribution s fo r  mos t  Ca t  traits ,  o n 
th e othe r  hand ,  d o no t  subsum e th e rang e o f  value s fo r  th e 
correspondin g D o g traits .  I n othe r  words ,  cat s ar e possibl e 

dog s bu t  th e revers e i s no t  th e case :  mos t  dog s ar e no t 
possibl e cats . 

Specifically ,  whe n w e examin e al l  o f  th e member s o f  th e 
tw o populations ,  w e se e tha t  th e value s o f  al l  te n trait s fo r  9 
(i.e. ,  5 0 % )  o f  th e member s o f  th e Ca t  categor y fal l  withi a a 
2 a cut-of f  fo r  thos e trait s fo r  th e Do g category .  Full y hal f  o f 
th e cat s i n th e populatio n coul d b e reasonabl y classifie d a s 
dogs .  I n contrast ,  th e smalle r  mean s an d lowe r  variance s o f  a 
number  o f  trait s (especially ,  nos e lengt h an d nos e width )  fo r 
cat s compare d t o dog s mean s tha t  onl y 2  o f  th e 1 8 dog s 
coul d conceivabl y b e classifie d a s bein g member s o f  th e Ca t 
category . 

Results 

The Development of Cat and Dog Categories 
Lik e infants ,  thes e network s for m a  categor y o f 

bot h Ca t  an d Dog .  Figur e 3  show s th e initia l  erro r  score ,  th e 
erro r  scor e afte r  twelv e presentation s o f  eithe r  cat s o r  dogs , 
and th e averag e erro r  scor e (afte r  training )  fo r  th e 6 
remainin g exemplar s i n eithe r  th e Ca t  o r  D o g category . 

erro r 

befor e learnin g 
afte r  learnin g 
novel  exemplar s 

cat s categor y dog s 

igur e 3 .  M e a n ne two r k erro r  w h e n (a )  presente d wit h 
exemp la r s befor e learning ,  (b )  presente d wit h exemplar s afte r 
learning ,  an d (c )  presente d wi t h nove l  exemplar s afte r 
learning . 

After learning, error is lower suggesting that the network 
ha s develope d a  reliabl e interna l  representatio n o f  cat s o r 
dogs .  T h e generalizatio n erro r  rise s slightly ,  s h o w i n g tha t 
th e n e t w o r k s recogniz e thes e exemp la r s a s novel .  Infant s ar e 
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als o abl e t o distinguis h individua l  exemplar s withi n th e 
categor y (Quinn ,  Eimas ,  &  Rosenkrantz ,  1993) .  However , 
th e generalizatio n erro r  remain s belo w th e initia l  erro r 
suggestin g tha t  th e n e w exemplar s ar e indee d assimilate d l o 
th e categor y forme d b y th e networks . 

The Exclusivity of the Cat and Dog Categories 
Eima s an d Quin n foun d tha t  ther e wa s a n asymmetr y i n 

th e exclusivit y o f  th e Ca t  an d D o g categorie s develope d b y 
infants .  T o suiranariz e th e discussio n a t  th e beginnin g o f 
thi s paper ,  whe n infant s ar e show n a  serie s o f  photograph s 
of  cats ,  th e subsequen t  presentatio n o f  a  do g produce s a  larg e 
increas e i n attentio n (compare d t o th e presentatio n o f  ye t 
anothe r  cat) .  Th e opposit e i s no t  true .  I n othe r  words ,  whe n 
an infan t  i s show n a  serie s o f  photograph s o f  dogs ,  th e 
subsequen t  presentatio n o f  a  ca t  i s  essentiall y  o f  n o greate r 
interes t  tha n th e presentatio n o f  anothe r  dog .  Th e modeUn g 
assumptio n tha t  w e hav e mad e i s tha t  networ k erro r  an d 
infan t  attentio n level s correlate :  th e highe r  th e networ k error , 
th e longe r  th e lookin g tim e o f  th e infan t  (Mareschal , 
Plunkett ,  &  Harris ,  1995 ;  Munakata ,  McClelland ,  Johnson , 
& Siegler ,  1994) . 

Figur e 4  show s wha t  happen s whe n network s traine d o n 
cat s ar e presente d wit h a  nove l  ca t  an d a  dog ,  an d whe n 
network s traine d o n dog s ar e teste d wit h a  nove l  do g an d a 
cat .  W h e n th e network s ar e initiall y  traine d o n cats ,  th e 
presentatio n o f  a  do g result s i n a  larg e erro r  scor e 
(correspondin g t o th e result s observe d wit h infant s i n term s 
of  a  longe r  lookin g time) .  D o g s ar e no t  include d withi n th e 
categorica l  representatio n o f  cats .  I n contrast ,  whe n th e 
network s ar e initiall y  traine d o n dogs ,  th e presentatio n o f  a 
cat  resul t  onl y i n smal l  increas e i n erro r  suggestin g tha t  th e 
cat s hav e bee n include d i n th e do g category . 

T h e A s y m m e t r i c Interferenc e Effec t 
Thi s sectio n examine s th e effec t  o f  learnin g a  secon d 

categor y durin g th e retentio n interval .  Th e networ k wa s 
sequentiall y  traine d o n twelv e exemplar s ( 6 pairs )  o f  eithe r 
cat s o r  dogs .  I t  wa s the n teste d a  first  tim e (Tl )  wit h a 
nove l  exempla r  o f  th e sam e category ,  (i.e. ,  w h e n traine d 
wit h cat s i t  wa s teste d wit h a  nove l  cat ;  w h e n traine d o n 
dog s th e networ k wa s teste d wit h a  nove l  dog) .  Followin g 
this ,  th e networ k wa s traine d o n 4  exemplar s ( 2 pairs )  o f  th e 
complementar y category .  I f  th e networ k ha d initiall y  bee n 
traine d o n cat s i t  w a s presente d wit h fou r  dogs .  I f  i t  ha d 
originall y learne d dogs ,  th e networ k wa s presente d wit h 4 
cats .  Finally ,  th e networ k wa s teste d a  secon d tim e (T2 ) 
wit h th e sam e nove l  exempla r  a s i n th e first  tes t  session . 
Th e differenc e i n th e network' s performanc e i n T 2 a s 
compare d t o T l  i s  a  measur e o f  th e amoun t  o f  interferenc e 
(o r  forgetting )  tha t  ha s occurre d a s a  consequenc e o f  learnin g 
th e intervenin g exemplars . 

Figur e 5  show s th e differenc e betwee n th e network' s 
performanc e a tT 2 a n d T l ,  w h e n (a )  th e origina l  categor y i s 
Cat  an d th e intervenin g categor y i s D o g ,  an d (b )  w h e n th e 
origina l  categor y i s D o g an d th e intervenin g categor y Cat . 
Learnin g dog s durin g th e intervenin g perio d ha s a  larg e 
detrimenta l  effec t  o n th e prio r  learnin g o f  cats .  I n star k 
contras t  t o this ,  learnin g cat s durin g th e intervenin g perio d 
has littl e o r  n o detrimenta l  effec t  o n th e prio r  learnin g o f 
dogs .  Thi s finding  echoe s th e categor y exclusivit y 
dissociatio n o f  th e previou s sectio n an d reflect s th e 
distributio n o f  mean s an d variance s o f  th e inpu t  attributes . 
Althoug h thes e experiment s hav e ye t  t o b e don e o n children , 
th e mode l  make s th e clea r  predictio n tha t  i n infant s learnin g 
dog s afte r  havin g first  learne d cat s wil l  caus e fa r  mor e 
forgettin g o f  th e originall y learne d cat s tha n vice-versa . 

erro r erro r 

05 T 

0.4 • • Q nove l  ca t 
nove l  do g 

"cats "  "dogs ' 
learne d learne d 

firs t  firs t 
conditio n 

Figur e 4 .  Asymmetri c exclusivit y o f  th e Ca t  an d D o g 
categories .  W h e n traine d first  o n cats ,  a  nove l  do g result s i n 
a larg e increas e i n erro r  (a s compare d t o a  nove l  cat )  bu t 
when traine d first  o n dogs ,  a  nove l  ca t  onl y produce s a  smal l 
increas e i n erro r  (a s compare d t o a  nove l  dog) . 

befor e interference ! 
afte r  interferenc e 

cat s 
interferenc e 
by dogs ) 

dogs 
(interferenc e 

by cats ) 
categor y 

Figur e 5 .  Networ k performanc e wit h nove l  exemplar s befor e 
and afte r  learnin g a n interferenc e category . 

The Effect of Learning Closely Related Animals 
O ne possibl e explanatio n fo r  th e asymmetr y effec t  i s  tha t 

th e Ca t  categor y i s particularl y susceptibl e t o interferenc e i n 
th e presenc e o f  an y ne w category .  T o tes t  thi s w e first  ha d 
th e networ k sequentiall y  lear n 6  pair s o f  cat s an d the n traine d 
th e networ k o n 4  example s ( 2 pairs )  o f  lions .  Althoug h 
lion s ar e mor e simila r  t o cat s tha n ar e dogs ,  the y 
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nonetheles s for m a  distinguishabl e categor y and ,  a s such , 
coul d interfer e wit h th e prio r  learnin g o f  th e ca t  category , 
assumin g thi s latte r  categor y di d indee d tur n ou t  t o b e 
exceptionall y susceptibl e t o interference . 

This ,  however ,  di d no t  tur n ou t  t o b e th e case .  A s Figur e 
6 shows ,  ther e i s  onl y a  ver y sligh t  increas e i n th e erro r  fo r 
nove l  cat s afte r  th e lion s hav e bee n learned .  Thi s i s du e t o 
th e fac t  that ,  i n th e lio n an d ca t  dat a use d fo r  th e experiment , 
al l  o f  th e lion s fal l  withi n th e Ca t  categor y (i.e. ,  th e valu e 
of  eac h trai t  i s  withi n 2 a o f  th e m e a n valu e o f  th e sam e trai t 
fo r  th e "lion "  category )  an d vice-versa .  Thi s permit s th e 
predictio n o f  ver y littl e interferenc e i n th e model .  A s ca n b e 
see n i n Figur e 6 ,  thi s i s  indee d th e case . 

erro r 
0. 5 T 

0. 4 •  • 

0. 3 • • 

02 

I  befor e learnin g lion s 
'  afte r  learnin g lion s 

cat s 

Figur e 6 .  Afte r  learnin g a n initia l  se t  o f  cats ,  bein g expose d 
t o a  se t  o f  lion s interfere s onl y ver y slightl y wit h th e abilit y 
of  th e networ k t o recogniz e nove l  cats . 

Discussion 
I n thi s pape r  w e hav e presente d a  simpl e connectionis t 

model  o f  earl y infan t  m e m o r y an d categorisation .  A n 
autoencode r  wa s presente d wit h dat a measure d direcd y from 
photograph s o f  cat s an d dog s tha t  ha d bee n presente d t o 
infants .  Lik e th e infants ,  th e network s categorize d th e 
picture s appropriatel y int o Ca t  o r  D o g categories .  Th e 
categorie s showe d th e sam e asymmetri c exclusivit y effec t 
foun d i n infants .  W h e n traine d o n dogs ,  th e categor y forme d 
include d cats ,  wherea s whe n traine d o n cats ,  th e categor y 
forme d exclude d dogs .  Learnin g sequentia l  categorie s showe d 
asymmetri c interference .  Learnin g cat s afte r  havin g leame d 
dog s di d no t  interfer e wit h th e prio r  knowledg e o f  dogs .  I n 
contrast ,  learnin g dog s afte r  havin g leame d cat s resulte d i n 
catastrophi c interferenc e wit h th e knowledg e o f  cats . 

Th e asymmetr y i n bot h categorisatio n an d interferenc e i n 
th e network s wa s foun d t o aris e fro m th e distributio n o f 
feature s describin g th e stimuli .  Althoug h th e mean s o f  th e 
trait s fo r  th e cat s an d th e dog s wer e different ,  th e varianc e o f 
th e do g feature s wa s m u c h larger .  Most ,  Ca t  feature s fel l 
withi n 2  standar d deviation s o f  th e D o g features .  I n thi s 
sense ,  th e cat s ar e subsume d b y th e D o g category .  Learnin g 
abou t  cat s doe s no t  disrup t  th e knowledg e o f  dogs .  However , 
learnin g abou t  dog s expose s th e networ k t o featur e value s 
tha t  ar e outsid e th e rang e experience d b y th e networ k a s i t 
leame d abou t  cats .  Thes e ne w featur e value s lea d t o a  chang e 
i n interna l  representatio n i n orde r  t o accommodat e th e ne w 

information .  Hence ,  learnin g abou t  dog s disrupt s th e 
representatio n o f  cats . 

The mode l  provide s a  mor e precis e mechanisti c accoun t  o f 
th e categorisatio n asymmetr y tha n tha t  suggeste d b y Quinn , 
Eimas ,  an d Rosenkrant z (1993) .  The y suggeste d tha t  th e 
failur e t o lear n a  D o g categor y tha t  exclude d cat s wa s du e t o 
th e greate r  variabilit y  o f  th e D o g category .  W e sugges t  tha t 
thi s asymmetr y arise s fro m th e asymmetrica l  overla p o f  th e 
trai t  distribution s an d no t  jus t  th e varianc e o f  th e 
distributio n itself .  I t  i s  no t  jus t  th e fac t  th e ther e i s greate r 
variabilit y  i n th e D o g category ,  bu t  als o tha t  th e value s o f 
th e Ca t  feature s ar e subsume d b y thos e o f  th e D o g feature s 
wherea s th e revers e i s no t  true . 

Th e wor k reporte d i n thi s pape r  goe s beyon d simpl y 
capturin g a  quir k o f  infan t  performance .  I t  suggest s a  lin k 
betwee n performanc e i n infan t  categorisatio n an d memor y 
tasks .  Th e sam e asymmetr y observe d i n categorisatio n als o 
appear s i n interferenc e tasks .  Thi s i s a  stron g predictio n o f 
nove l  infan t  behavior .  Not e tha t  som e indirec t  evidenc e 
alread y exists ,  Cat s hav e bee n foun d t o interfer e wit h lions , 
but  lion s d o no t  interfer e wit h cat s i n categorizatio n task s 
(Quinn ,  Eimas ,  &  C o w a n ,  1994) . 

No mechanisti c account s o f  th e interferenc e effect s i n 
infan t  visua l  m e m o r y hav e bee n propose d (Rovee-Collie r  & 
BoUet ,  1995) .  Th e onl y suggestio n i s tha t  interferenc e wil l 
occu r  whe n th e intervenin g stimulu s i s simila r  t o th e 
origina l  materia l  an d i s encode d b y th e infant .  Th e modelin g 
wor k w e presen t  suggest s tha t  th e interferenc e effect s aris e 
fro m th e mechanism s involve d i n categorisin g multipl e 
stimul i  i n a n associativ e syste m wit h distribute d 
representations .  Thi s proposa l  i s  corroborate d b y th e fac t 
tha t  technique s suc h a s interleavin g reminde r  example s 
durin g th e secon d (interference )  learnin g phas e reduce s 
interferenc e bot h i n connectionis t  network s (Robins ,  1995 ) 
and i n infant s (Quinn ,  Eimas ,  &  C o w a n ,  1994 ;  Rovee -
Collie r  &  Bollet ,  1995) . 

Futur e modelin g wor k need s t o accoun t  fo r  th e 
developmen t  o f  a n immatur e syste m tha t  i s susceptibl e t o 
interferenc e (suc h a s infan t  m e m o r y )  t o on e tha t  i s no t 
susceptibl e t o interferenc e (suc h a s adul t  memory ) .  W e ar e 
currentl y pursuin g thi s avenue . 

Finally ,  thi s mode l  i s a n attemp t  t o synthesiz e a  rang e o f 
idiosyncrati c infan t  behavior s unde r  on e mechanism .  I t  i s  a 
simpl e mode l  bu t  th e principle s accountin g fo r  th e observe d 
phenomen a ar e tru e o f  mos t  distribute d associativ e systems . 
A mor e sophisticate d mode l  woul d produc e th e sam e 
interferenc e an d asymmetr y results . 

I n term s o f  connectionis t  modeling ,  thi s wor k suggest s 
tha t  catastrophi c interferenc e i s a n integra l  par t  o f  earl y 
cognition .  Rathe r  tha n brandishin g i t  a s a  failur e o f 
connectionis t  systems ,  i t  shoul d b e viewe d a s a  necessar y 
featur e o f  an y syste m wishin g t o mode l  huma n m e m o r y an d 
categorisatio n acros s th e whol e rang e o f  ages . 

I n summary ,  w e presen t  a  simpl e connectionis t  mode l  o f 
m e m o ry an d categorisatio n i n earl y infancy .  Th e mode l 
underscore s th e continuit y tha t  underlie s th e developmen t  o f 
memory an d categorisatio n b y usin g mechanism s know n t o 
model  adul t  performance .  Th e mode l  make s a  stron g 
predictio n concernin g asymmetri c interferenc e effect s i n 
infancy ,  an d suggest s tha t  catastrophi c interferenc e i s a 
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necessar y par t  o f  an y mode l  tha t  intend s t o captur e th e whol e 
rang e o f  huma n memor y an d categorisatio n abilitie s 
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