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Ob jec t  P e r m a n e n c e 

Accordin g t o Piage t  (e.g. ,  Piaget ,  1958 )  objec t  permanenc e 
form s th e basi s o f  ou r  understandin g o f  objectiv e space . 
Throug h gainin g th e understandin g tha t  object s continu e t o 
exis t  independentl y o f  direc t  perception ,  infant s als o begi n t o 
understan d tha t  the y themselve s ar e independen t  object s 
withi n a n objectiv e space .  Whil e man y woul d agre e tha t 
havin g a  notio n o f  objec t  permanenc e i s essentia l  fo r  a n adul t 
understandin g o f  spatia l  relations ,  ther e i s les s agreemen t  o n 
what  shoul d constitut e evidenc e o f  objec t  permanenc e an d 
ho w i t  shoul d b e measured . 

Piaget' s no w classi c studie s relie d o n activ e retrieva l  o f  a 
hidde n objec t  a s th e measur e o f  knowledge .  Tha t  is ,  th e 
infant s ha d t o b e abl e t o ac t  o n th e knowledg e o f  hidde n 
object s tha t  the y ma y have .  I n th e las t  1 5 years ,  a  differen t 
researc h paradig m ha s appeared .  Thes e studie s hav e use d 
passiv e response s suc h a s surpris e a s a  measur e o f  th e infant s 
knowledg e (se e Baillargeon ,  199 3 fo r  a  review).  Th e ke y ide a 
i n thes e studie s i s t o violat e som e physica l  propert y o f  a 
hidde n object .  I f  th e infant s sho w surpris e a t  th e violation , 
the n i t  i s inferre d tha t  the y remembe r  th e hidde n objec t  an d 
understan d tha t  th e objec t  ha s maintaine d th e physica l 
propert y tha t  wa s violated .  Th e ne w methodolog y reveale d 
tha t  infant s hav e muc h greate r  knowledg e o f  hidde n object s 
tha n tha t  whic h the y ar e abl e t o demonstrat e i n retrieva l 
tasks .  Thi s apparen t  developmenta l  la g betwee n infant' s 
knowledg e o f  hidde n object s an d thei r  abilit y  t o ac t  o n tha t 
knowledg e i s a  ke y questio n o f  infan t  cognitiv e development . 

A thir d researc h paradig m wa s pioneere d b y T .  G .  R .  Bowe r 
(1974) .  Thi s approac h relie d o n observin g infan t  response s t o 
visua l  trackin g event s i n whic h a n objec t  passe d temporaril y 
behin d a n occludin g screen .  Knowledg e o f  th e hidde n objec t 
was inferre d fro m th e infant' s respons e t o surreptitiou s 
change s i n th e object' s feature s an d spatia l  tempora l 
propertie s whil e i t  wa s behin d th e screen .  Bowe r  argue d tha t 
visua l  trackin g wa s a n activ e respons e wit h minima l  moto r 
tas k demands .  Howeve r  th e reliabilit y  o f  th e result s obtaine d 
throug h thi s metho d i s stil l  ope n t o question . 

Computational Models 
A numbe r  o f  computationa l  model s hav e bee n buil t  t o 
explor e th e developmen t  o f  objec t  permanence .  Thes e ar e 
proces s model s o f  infants '  performanc e o n objec t  permanenc e 
tasks .  Th e goa l  i s  t o describ e th e natur e o f  th e knowledg e 
representation s an d th e mechanism s whic h operat e o n thes e 
representation s durin g th e tasks .  A s model s o f  developmen t 
the y shoul d no t  onl y describ e performance ,  bu t  als o provid e 
an accoun t  i n term s o f  th e mechanism s o f  development . 

Ideally ,  the y migh t  als o incorporat e genera l  principle s whic h 
woul d b e extendibl e t o aspect s o f  cognitio n othe r  tha n th e 
immediat e tas k bein g modeled . 

I n thi s talk ,  I  wil l  discus s thre e models .  Th e first  tw o ar e 
symboli c rul e base d model s an d th e thir d i s a  connectionis t 
model .  Th e symboli c model s (e.g .  Prazdny ,  1980 ,  Luger , 
Bower ,  an d Wishart ,  1983 ;  Luger ,  Wishart ,  an d Bower ,  1984 ) 
wer e develope d t o accoun t  f w th e visua l  pursui t  dat a describe d 
by T .  G .  R .  Bowe r  (Bower ,  1974) .  Th e symboli c model s 
diffe r  i n tha t  the y bas e thei r  explanatio n o f  th e infan t 
behavior s o n differen t  imderlyin g theorie s o f  informatio n 
processing . 

Prazdny (1980) 
Prazdn y suggeste d tha t  ther e ar e thre e level s o f  representatio n 
fo r  objects .  Th e highes t  leve l  i s a  conceptua l  leve l  an d th e 
othe r  tw o ar e perceptua l  levels .  Th e conceptua l  leve l  i s th e 
onl y leve l  t o hav e acces s t o bot h featur e an d spatial-tempora l 
information .  A n Object-Descriptio n (OD )  i s generate d b y th e 
conceptua l  level .  Th e O D bind s togethe r  attribute s (e.g. , 
color ,  size ,  position ,  trajectory )  int o a  singl e structur e an d 
label s i t  wit h a  name .  I f  ne w perceptua l  informatio n arrive s 
whic h i s inconsisten t  wit h th e existin g O D ,  a  secon d O D i s 
generated .  Prediction s (expectations )  base d o n bot h O D s ar e 
the n teste d i n orde r  t o selec t  th e bes t  description . 

Knowledg e i s store d i n th e for m o f  IF-THE N assertions .  I n 
particular ,  IF -ADDE D an d I F - R E M O V E D procedure s ar e use d 
t o implemen t  expectatio n behavior s whe n th e stat e o f  a n 
objec t  change s (e.g. ,  i t  disappear s afte r  occlusion) .  Althoug h 
th e perceptua l  level s ar e no t  actuall y implemented ,  i t  i s 
suggeste d tha t  sensor y informatio n enter s th e syste m i n th e 
for m o f  a  snapsho t  o f  th e visua l  scene .  Th e lowes t  perceptua l 
leve l  processe s th e scen e ove r  a  singl e snapsho t  interval .  Th e 
nex t  perceptua l  leve l  abstract s acros s severa l  snapshot s 
thereb y generatin g trajector y representations .  Pa n o f  th e 
infant' s quirk y behavio r  i s explaine d i n term s o f  competitio n 
betwee n thi s perceptuii l  leve l  representatio n o f  u-ajector y an d 
th e conceptua l  leve l  representation .  Finally ,  althoug h n o 
direc t  mechanis m fo r  developmen t  i s  implemented ,  i t  i s 
suggeste d tha t  developmen t  i s  drive n b y a  streamlinin g 
proces s i n whic h specifi c  rule s ar e combine d t o produc e a 
singl e mor e efficien t  rule . 

Luger et al. (1983, 1984) 
Luger' s model s implement s Bower' s Identit y Theor y o f 
objec t  permanenc e (Luger .  Bower ,  an d Wishart ,  1983 ;  Luger , 
Wishart .  an d Bower ,  1984) .  Thi s theor y suggest s tha t  youn g 
infant s understan d tha t  object s continu e t o exist ,  bu t  tha t  the y 
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hav e difficult y keepin g trac k o f  objects .  Youn g infant s 
generat e a  larg e numbe r  o f  separat e objec t  representation s fo r 
what  adult s woul d encod e a s a  singl e objec t  Th e mai n ide a o f 
thi s mode l  i s tha t  infan t  behavior s ca n b e describe d b y th e us e 
of  5  actio n rule s subsume d unde r  3  conceptua l  rules .  Luge r  e t 
al .  describ e th e thre e conceptua l  rules ,  bu t  remai n non -
committa l  abou t  ho w th e actio n rule s migh t  interac t  Henc e 
thes e author s believ e tha t  ther e i s a  complet e dissociatio n 
betwee n th e conceptua l  leve l  an d th e respons e level .  Th e 
conceptua l  rule s are : 
Rul e 1 :  A n objec t  i s  a  bounde d volum e o f  spac e i n a 
particula r  plac e O R o n a  particula r  pat h o f  movement . 
Rul e 2 :  A n objec t  i s a  bounde d volum e o f  spac e o f  a  certai n 
size ,  shape ,  an d colo r  whic h ca n mov e fro m plac e t o plac e 
among it s trajectories .  (Not e tha t  thi s rul e no w integrate s 
featur e informatio n wit h spatia l  tempora l  information ) 
Rul e 3 :  T w o o r  mor e object s canno t  b e i n th e sam e plac e O R 
on th e sam e pat h o f  movemen t  simultaneousl y U N L E S S 
the y shar e a  c o m m o n boundary . 

Thi s mode l  i s implemente d a s a  P R O L OG program .  A  se t 
of  fact s i s use d t o mak e u p a n objec t  knowledg e structur e 
fro m eac h tempora l  snapshot .  Eac h o f  th e conceptua l  rule s i s 
embedded i n a  separat e recursiv e P R O L OG statement .  Th e 
goal  o f  th e statemen t  i s t o asser t  th e permanenc e o f  a n objec t 
T o d o this ,  th e mode l  test s th e validit y o f  a  numbe r  o f  facts . 
The las t  o f  it s conditional s i s t o mov e ove r  an d tes t  again . 
The leve l  1  rul e test s for .  th e location ,  whethe r  th e objec t  ha s 
volume ,  an d whethe r  i t  i s  occluded .  I t  the n move s o n t o th e 
nex t  position .  Th e leve l  2  rul e add s i n a  tes t  fo r  th e object' s 
feature s befor e testin g fo r  intac t  boundaries .  Finall y th e leve l 
3 rul e add s anothe r  tes t  o f  feature s afte r  testin g fo r  intac t 
boundaries .  A s a  result ,  th e Leve l  1  mode l  set s u p a  ne w 
representatio n o f  th e objec t  ever y tim e ther e i s a  chang e i n 
spatia l  tempora l  information .  Th e Leve l  2  mode l  onl y set s u p 
a ne w objec t  toke n whe n ther e ar e change s i n th e featur e 
representation .  Finall y th e Leve l  3  model s d o no t  se t  u p a 
ne w objec t  representatio n whe n tw o object s ar e contiguous . 
Again ,  n o specifi c  developmenta l  mechanis m i s proposed , 
but  i t  i s though t  t o b e drive n b y th e acquisitio n o f  procedure s 
tha t  lea d t o mor e cos t  efficien t  representations . 

Mareschal, Piunkett, and Harris (1995) 

Marescha l  e t  al .  describ e a  connectionis t  mode l  o f  th e 
developmen t  o f  objec t  permanence .  Th e mode l  i s i n th e for m 
of  a  modula r  network .  Unit s tha t  ar e share d b y module s ac t  a s 
gateway s throug h whic h informatio n ca n flo w fro m on e 
modul e t o th e other .  Informatio n enter s th e networ k throug h 
a retin a tha t  i s homogeneousl y covere d wit h featur e detectors . 
Base d loosel y o n neuropsychologica l  data ,  th e mode l 
implement s tw o informatio n pathways :  (a )  a  featur e pathway , 
and (b )  a  spatial-tempora l  pathway .  Th e Objec t  Recognitio n 
Modul e use s a n unsupervise d algorith m t o develo p a 
spatiall y  invarian t  featur e representatio n o f  th e objec t  whos e 
imag e i s projecte d o n th e retina .  Th e Trajector y Predictio n 
Modul e processe s th e spatial-tempora l  propertie s o f  th e objec t 
image .  Thi s modul e learn s t o predic t  wha t  th e nex t  positio n 
of  th e objec t  imag e wil l  be .  Finally ,  Th e Respons e 
Integratio n Modul e recruit s an d integrate s th e interna l 
representation s develope d b y th e othe r  module s a s an d whe n 
require d b y a n appropriat e respons e task . 

Knowledg e o f  pas t  event s i s store d graduall y i n th e 
connectio n weight s betwee n th e units .  A  representatio n o f  th e 
curren t  objec t  even t  i s store d i n th e for m o f  a  patter n o f 
activatio n acros s a  ban d o f  units .  Developmen t  occur s 
thoroug h th e gradua l  accumulatio n o f  knowledg e (smal l 
change s i n connectio n weights) .  A n implicatio n o f  th e mode l 
i s tha t  performanc e o n objec t  permanenc e task s reflect s th e 
abilit y  t o internall y represen t  a n event ,  bu t  als o th e abilit y  t o 
decod e successfull y tha t  representatio n int o a n appropriat e 
action .  Bot h informatio n processin g step s nee d t o b e learned . 

Discussion 

The mos t  immediat e differenc e betwee n thes e model s i s tha t 
th e existin g symboli c model s d o no t  provid e a  transitio n 
mechanism .  I n contrast ,  i t  i s th e essenc e o f  th e connectionis t 
model  t o describ e developmen t  Representation s i n th e 
networ k emerg e throug h learning .  However ,  i t  i s  importan t 
t o understan d tha t  th e connectionis t  network s ar e no t  jus t 
tabul a ras a learners .  Th e representation s tha t  ar e develope d 
depen d bot h o n th e natur e o f  th e interaction s wit h th e 
environment ,  bu t  als o o n innat e knowledg e constraint s i n th e 
for m o f  architectura l  constraint s (determinin g ho w 
informatio n i s segregate d an d recombined )  a s wel l  a s 
mechanism s (determinin g th e typ e o f  informatio n tha t  ca n b e 
extracte d firom  th e environment) . 

The symboli c model s ar e descriptiv e model s o f  competenc e 
at  an y on e stage .  The y ar e no t  model s o f  th e processe s o f 
development .  Eve n i f  a  mechanis m fo r  rul e developmen t  wa s 
devised ,  i t  woul d hav e t o b e mor e tha n jus t  a  mean s o f 
passin g fro m on e leve l  o f  descriptio n t o th e nex t  fo r  th e 
model  t o b e a  meaningfu l  mode l  o f  infan t  development .  A 
connectionis t  mode l  i s a  mode l  o f  th e mechanism s involve d 
i n changin g th e knowledg e representations .  I n som e sens e th e 
knowledg e representation s ar e almos t  secondar y t o th e 
developmenta l  process . 
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