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Abstrac t 

A computationa l  mode l  i s propose d fo r  th e 
earl y stage s o f  developmen t  o f  th e object  con -
cep t  i n infants .  Stage s i n developmen t  ar e re -
presente d a s a  sequenc e o f  grammar s o r  rewrit e 
rule s parsin g a  se t  o f  perceptua l  phenomena . 
The infants '  change s betwee n developmenta l  stage ; 
can b e describe d b y difference s betwee n th e 
grarrma r  rule s modellin g eac h stage .  Th e progra m 
replicate s fiv e Bowe r  e t  a l  studie s o n th e de -
velopmen t  o f  th e objec t  concep t  an d reaffirm s 
th e primac y o f  res t  an d motio n parameter s a s 
explanator y invariant s i n earl y objec t  concep t 
development . 
Forty years ago, Piaget first observed and 
describe d th e problem s infant s hav e i n under -
standin g th e natur e o f  object s (Piaget ,  1936 , 
1937 ,  1946) .  Piage t  identifie d si x invarian t 
stage s o f  developmen t  throug h whic h th e infan t 
comes t o cop e wit h an d understan d externa l  ob -
jects . 

One alternative theory of object concept 
developmen t  whic h ha s bee n propose d i s th e iden -
tit y theor y o f  Bowe r  an d Wishar t  (Bower ,  1967 , 
1972 ,  1974 ;  Wishart ,  1979) .  'Identit y theory ' 
believe s th e infant' s proble m i n understandin g 
th e natur e o f  object s t o li e i n discoverin g th e 
spatio-tempora l  relationship s whic h underpi n 
th e identit y o f  an y object .  Whil e Piage t  be -
lieve d th e youn g infan t  t o hav e n o tru e differ -
entiate d awarenes s o f  eithe r  sel f  o r  object s i n 
th e firs t  yea r  o f  life .  Bowe r  an d Wishar t  believ e 
a basi c understandin g o f  th e independen t  exis -
tenc e o f  bot h t o b e presen t  a t  a  ver y earl y 
stage ,  possibl y eve n a t  birth .  Th e infan t  i s 
see n a s havin g difficulty ,  no t  i n differentiat -
in g himsel f  an d hi s action s fro m othe r  activit y 
i n th e externa l  world ,  bu t  rathe r  i n under -
standin g th e uniqu e natur e o f  object s themselves . 

The identity hypothesis can be summarised 
i n th e for m o f  a  serie s o f  thre e conceptua l  rule s 
(Bower ,  1974 ,  1981 ;  Wishart ,  1979 )  whic h ca n 
cove r  al l  si x stage s o f  searc h behavio r  foun d 
i n standar d Piagetia n objec t  permanenc e testin g 
situation s an d ca n als o explai n th e otherwis e 
puzzlin g behavio r  show n b y infant s i n othe r  ob -

ject-relate d tasks .  (Se e e.g .  Bowe r  &  Wishart , 
1973 ,  Butterworth ,  1977 ,  Wishar t  &  Bower ,  1981) . 
Whil e i t  i s  th e eventua l  ai m o f  ou r  researc h t o 
develo p a  progra m t o cove r  th e entir e sequenc e 
of  object  concep t  development ,  thi s pape r  wil l 
repor t  onl y ou r  initia l  wor k o n modellin g Stage s 
I  -  I I  o f  tha t  development ,  a  perio d which , 
accordin g t o Bowe r  an d Wishart ,  see s th e develop -
ment  o f  th e firs t  tw o conceptua l  rule s fo r  at -
tributin g identit y t o successiv e appearance s o f 
any object . 

These rules can be formulated as a sequence of 
grammar s o r  rewrit e rule s tha t  translat e per -
ceptua l  phenomen a int o set s o f  behaviora l  res -
ponses .  Th e perceptua l  phenomen a wil l  remai n 
constan t  throughou t  th e perio d o f  testing ,  i.e. , 
acros s th e runnin g o f  th e sequenc e o f  grammar s 
tha t  represent s th e earl y stage s o f  development . 

This paper hypothesizes that the symbolic 
output  o f  th e featura l  an d motio n detectio n 
mechanism s i s availabl e t o th e cognizin g subject . 

Thi s mode l  offer s n o explanatio n o f  th e physio -
logica l  origin s o f  suc h phenomena ,  bu t  rathe r 
emphasize s th e descriptiv e adequac y o f  th e inter -
nal  symbo l  structure s an d th e interpretiv e ade -
quac y o f  th e cognizin g subjects '  manipulatio n 
of  suc h symbo l  structures .  Further ,  th e change s 
i n th e computationa l  rule s expressin g th e inter -
pretiv e adequac y o f  infant s a t  variou s stage s i n 
developmen t  wil l  offe r  explanatio n o f  tha t  devel -
opment . 

Each experiment of this study is composed 
of  a  sequenc e o f  "snapshots "  representin g th e 
physica l  situatio n accordin g t o a  tim e parameter . 
Snapshot s represen t  object s b y themselves , 
partiall y  o r  totall y obscure d b y occluders ,  an d 
replace d b y othe r  objects .  A n exampl e o f  suc h 
a se t  o f  snapshot s ma y b e see n i n Figur e 1 . 
Thi s figur e represent s a  subset  o f  th e snapshot s 
take n fro m Experimen t  5  o f  Sectio n II ,  wher e 
S(n )  indicate s th e tim e parameter . 

A set of symbols represents each snapshot 
and a  se t  o f  rule s characterize s th e gramma r 
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tha t  interpret s eac h sequenc e o f  snapshot s 
Each rul e o f  a  gramma r  represent s a  differen t 
interpretiv e capacit y o f  th e subjec t  suc h a s t o 
locat e a n objec t  symbo l  structur e withi n a  fixe d 
radiu s r  o f  a  spatia l  positio n (x,y,z) . 

The grammars of this model are designed to 
implemen t  th e rule s outline d b y Wishar t  (1979) . 
An implici t  assumptio n i s tha t  th e infan t  i s 
motivate d t o maintai n contac t  throughou t  th e 
even t  S3qui?nc e wit h th e objec t  he/sh e initiall y 
identifie s a s interesting . 

This computational description of the ob-
jec t  permanenc e phenomeno n i s writte n i n PROLOG 
(Warre n an d Periera ,  1977 ;  Warren ,  1979) .  Th e 
actio n o f  PROLOG i s o f  a  unificatio n algorith m 
operatin g o n a  se t  o f  recor d structures .  Thes e 
structure s ar e o f  tw o genera l  forms :  a  se t  o f 
fact s an d a  se t  o f  inferenc e rules .  Th e PROLOG 
fact s ar e use d t o make-u p th e objec t  structur e 
fo r  th e descriptio n o f  eac h snapshot .  Fo r  ex -
ampl e th e fact s lo c (OBJN ,  X ,  Y ,  Z ,  T ) ,  colo r 
(OBJM,  CL T ) ,  an d siz e (OBJN ,  SZ ,  T )  indicat e 
OBJECTN ha s colo r  CL ,  siz e S Z an d locatio n 
(X,Y,Z )  a t  tim e T .  Th e combinatio n o f  thes e 
and othe r  descriptor s mak e u p eac h snapsho t  o f 
th e experiment .  Th e gramma r  rule s interpre t 
thes e objec t  structures . 

PROLOG rules are of the form "AhB,C,D," 
whic h may b e describe d procedurall y a s "t o 
accomplis h A  attemp t  t o accomplis h B  an d C  an d 

D."  B ,  C ,  an d D  may b e fact s (checke d t o b e true ) 
or  may themselve s b e rule s tha t  lea d t o th e proo f 
or  performanc e o f  B ,  C ,  an d D.  Fo r  example ,  Gram -
mar  1  say s t o tes t  fo r  a  permanent *  objec t  a t  a 
locatio n loo k for : 

1) An object structure within a fixed radius r of 
th e location . 

2) Check if previous snapshots would indicate a 
permanen t  objec t  shoul d b e a t  thi s location . 

3) Test the object structure for interest (par-
allax) . 

4)  Chec k whethe r  th e objec t  structur e i s intac t 
(tha t  i s  whethe r  i t  o r  an y o f  it s  boundarie s 
ar e occluded) ,  an d finally , 

5) Based on this object structure look to an 
appropriat e positio n fo r  th e nex t  objec t 
structure . 

The grammar of the second developmental 
stag e i s simila r  t o th e gramma r  fo r  stag e one . 
The essentia l  differenc e i s a  rul e calle d twic e 
by th e gramma r  fo r  th e objec t  structur e o f  eac h 
snapshot .  Thi s rul e represent s th e olde r  infant s 
abilit y  t o chec k differen t  perceptua l  value s suc h 
as siz e an d colo r  betwee n snapshots .  (Luge r  e t 
al ,  1981) . 

II .  Fiv e Experiment s 

In this section five experiments will be con-
sidere d an d th e actio n o f  th e compute r  mode l  i n 
thes e situation s described .  Th e mode l  i s i n tw o 
parts ,  eac h representin g a  stag e o f  developmen t 
of  th e infant .  Th e firs t  part .  Grammar  1 ,  repre -
sent s th e earlies t  stag e o f  developmen t  modellin g 
Rul e 1 ;  Grammar  2  model s Rul e 2  (Wishart ,  1979) . 

In the conclusion, the results of the computational 
model  ru n o n th e experimenta l  situation s wil l  b e 
compare d wit h th e result s o f  infant s teste d i n 
th e sam e situations . 

•Although this paper does not elaborate on the 
distinction s betwee n objec t  permanenc e an d objec t 
identit y interpretation s o f  objec t  concep t  be -
haviors ,  th e authors '  bia s toward s identit y 
theor y shoul d b e made clear .  A  basi c notio n o f 
objec t  permanenc e (i.e .  o f  th e continue d exis -
tenc e o f  object s whe n unperceived )  i s assume d t o 
be presen t  fro m ver y earl y o n (Bower ,  1967) ,  ac -
cordin g t o identit y theory ,  i t  i s  th e step-lik e 
discover y o f  th e precis e spatio-tempora l  natur e 
of  tha t  existenc e whic h lie s behin d th e sequenc e 
of  error s foun d i n standar d objec t  concep t  tasks , 
not  th e developmen t  o f  a  notio n o f  permanenc e pe r 

se. 

A.  Th e Experiment s 

Experiment 1. (Bower, Broughton & Moore, 1971; 
Bower  &  Paterson ,  1973) . 

An object, interesting to an infant, is mov-
in g o n a  straigh t  pat h i n ful l  vie w o f  th e infant . 
The objec t  the n stop s i n ful l  view . 

The young infant (Stages I II) typically 
pause s wit h th e objec t  fo r  almos t  hal f  a  secon d 
and the n continue s t o follo w th e objects '  forme r 
pat h acros s th e fiel d o f  vie w (movemen t  error) . 
The olde r  (Stag e III )  infan t  pause s wit h th e 
stoppe d object ,  look s ont o th e pat h th e objec t  n o 
longe r  follows ,  an d the n goe s bac k toth e stoppe d 
object . 

Experiment 2. (Bower, Broughton & Moore, 1971; 
Bower  &  Paterson ,  1973) . 

An object is at rest in full view of the in-
fant .  I t  i s  displace d an d follow s a  fixe d pat h 
at  constan t  velocity . 

The younger infant follows the displaced ob-
jec t  bu t  the n look s bac k t o th e positio n o f  th e 
origina l  stationar y objec t  (plac e error) .  Th e 
olde r  infan t  pause s an d the n follow s th e pat h o f 
th e displace d object . 
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Experimen t  3 .  (Bower ,  1974 ) 

An object moves along a path. It is re-
place d i n mid-pat h b y anothe r  objec t  tha t  con -
tinue s t o mov e alon g th e path . 

The young infant is not disturbed by the 
nid-pat h substitution .  Th e olde r  infant s ar e 
confuse d movin g thei r  eye s bac k an d fort h be -
twee n place s o f  differen t  objects . 

Experiment 4. (Bower, Broughton & Moore, 1971) 

An object moves across the field of view and 
behin d a  occluder .  A  differen t  objec t  reaopear s 
on th e othe r  sid e o f  th e occluder . 

The young infant follows the path of the ob-
jec t  an d continue s t o trac k th e change d objec t 
when i t  appears .  Th e olde r  infan t  react s t o 
th e ne w objec t  whe n i t  reappear s an d look s bac k 
t o th e occluder . 

Experiment 5. (Bower & Paterson, 1973) 

An object moves across the field of view. It 
stop s o n on e sid e fo r  a  brie f  perio d o f  tim e an d 
the n move s bac k i n th e opposit e directio n stoppin g 
i n it s origina l  positio n agai n fo r  a  brie f  time . 
Afte r  repeatin g thi s sequenc e o f  move s fou r  time s 
i t  goe s of f  i n th e opposit e direction .  Se e snap -
shot s o f  Experimen t  5  i n Figur e 1 . 

The younger infant continues to have movement 
and plac e error s a s th e objec t  move s an d stop s an d 
moves of f  again .  Wit h repeate d exposur e t o th e 
sequence ,  sh e may adop t  a  plac e t o plac e strateg y 
of  jumpin g t o th e object' s nex t  stoppin g poin t  a s 
soon a s i t  begin s t o mov e of f  fro m it s presen t 
position .  Thi s strateg y i s onl y briefl y successfu l 
sinc e i t  canno t  cop e wit h th e fina l  chang e i n 
direction .  Th e olde r  infan t  i s no t  disturbe d b y 
th e movement  an d stoppin g i n eithe r  direction . 

s(i )  D 
S(2 )  D 
s(3 )  n 

s( i5) a 
S(16) D 

S(17) D , 

S(29 )  Q  • 
S(30 )  • 

D S(31 ) 

• n S(8 ) 
a s(9 ) 

. •  S(10 ) 

" D S(22 ) 
a S(23 ) 
a S(24 ) 

••  • 

S(36) Q 

Figure 1. Snapshots from the motion and rest 
patter n tha t  make s u p Experimen t  5 . 

B. The Results 

Experiment 1. 

Grammar 1 identifies an interesting object, 
say OBJl ,  an d associate s thi s objec t  wit h a  pat h 
acros s th e fiel d o f  view .  When OBJ l  stoo s movin g 
Grammar  1  continue s t o follo w th e forme r  path ,  no t 

findin g a n objec t  i t  look s bac k t o th e no w sta -
tionar y object ,  call s i t  0BJ2 ,  an d look s bac k 
searchin g agai n fo r  OBJ l  o n it s origina l  path . 
Grammar  2  i n thi s situatio n identifie s OBJ l  a s 
interestin g an d follow s it .  When i t  stops .  Gram -
mar  2  continue s o n pat h an d the n look s bac k t o 
th e stoppe d object ,  notice s its '  similarit y i n 
siz e an d shap e t o th e origina l  OBJ l  an d continue s 
t o loo k a t  it . 

Experiment 2. 

Grammar 1 identifies an interesting object, 
OBJl ,  stationar y befor e it .  When th e objec t 
start s t o move .  Grammar  1  follow s it ,  look s bac k 
t o it s forme r  locatio n an d the n look s t o th e ne w 
movin g objec t  an d call s i t  0BJ2 .  Graimia r  2  doe s 
th e sam e a s Grammar  1  excep t  tha t  i t  recognize s 
th e siz e an d shap e o f  th e movin g objec t  t o b e 
th e sam e a s tha t  o f  th e origina l  stationar y ob -
ject ,  an d doe s no t  creat e a  ne w object . 

Experiment 3. 

Grammar 1 identifies OBJl and follows its 
pat h ignorin g th e mid-pat h substitution .  Grammar 
2 follow s OBJ l  a s interestin g an d notin g th e per -
ceptua l  change s o f  th e sustitute d objec t  call s 
thi s ne w objec t  0BJ 2 an d continue s t o follo w it . 

Experiment 4. 

Grammar 1 sees OBJl as interesting and fol-
low s i t  along .  I t  continue s t o follo w th e pat h 
behin d th e occlude r  an d follow s th e pat h a s th e 
new objec t  emerges .  Grammar  1  see s onl y on e 
bounde d volum e o f  spac e movin g o n a  path .  Gram -
mar  2 ,  notin g peceptua l  change s see s 3  objects ; 
th e original ,  th e occlude r  an d th e ne w emerge d 
object . 

Experiment 5. 

With every movement and pause Grammar 1 sees 
a differen t  objec t  fo r  eac h movemen t  an d eac h 
place .  Grammar  2  see s onl y on e object ,  th e per -
ceptua l  check s a t  eac h motio n translatio n allow -
in g transitio n t o ne w motio n sequence s withou t 
confusion . 

III. Summary and Conclusions 

Several researchers have recently reported 
on computationa l  model s o f  preverba l  children' s 
proble m solvin g skill s  (Prazdny ,  1980 ;  Young , 
1976) .  Th e behavior s modelle d i n thes e studie s 
ar e a s simpl e a s ey e movements ,  reaching ,  an d 
gros s bod y movements .  Moder n researc h technique s 
suc h a s vide o tapes ,  however ,  allo w researcher s 
t o b e quit e comfortabl e wit h th e interpretatio n 
of  suc h moto r  behavior .  Suc h dat a make s u p th e 
Bower  an d Wishar t  studies ,  an d thi s i s th e dat a 
our  progra m interprets . 

Grammars 1 and 2 follow fairly closely the 
tw o rule s suggeste d b y Wishar t  (1979) .  Grammar 
2 wit h it s perceptua l  checkin g fo r  size ,  shap e 
and colo r  factor s allow s prope r  detectio n o f 
change s betwee n th e tw o object s whe n thes e change , 
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and prope r  positin g o f  n o chang e whe n onl y th e 
motio n an d res t  factor s differ .  Thu s motio n an d 
res t  ar e establishe d i n th e "identity "  mode l  a s 
explanator y invariant s o f  th e firs t  stage s o f 
infants '  acquisitio n o f  th e objec t  concept . 

In both experiments 1 and 2, Grammar 1 iden-
tifie s 2  objects ,  on e stationar y an d th e secon d 
i n motion .  Grammar  2  wit h mor e advance d oercep -
tua l  checking ,  note s th e similarit y o f  th e objec t 
i n motio n an d th e objec t  a t  res t  an d doe s no t 
posi t  a  secon d object . 

In experiments 3 and 4 Grammar 1 sees only 
one objec t  followin g a  fixe d path .  Grammar  2 , 
notin g perceptua l  differences ,  posit s ne w dif -
feren t  object s fo r  eac h perceptua l  chang e i n th e 
objects . 

In experiment 5, Grammar 1 posits a new ob-
jec t  fo r  eac h pat h o f  movement  an d eac h station -
ar y objec t  position .  Grammar  2  see s onl y on e 
object . 

An important area for continued work is to 
develo p a  thir d gramma r  capabl e o f  interpretin g 
objec t  structure s i n mor e comple x situation s tha n 
thos e deal t  wit h above ,  i n experimenta l  situa -
tions ,  fo r  example ,  involvin g partia l  occlusio n 
of  a n objec t  o r  clos e spatia l  interactio n betwee n 
a numbe r  o f  objects .  Bowe r  an d Wishar t  hav e 
posite d a  thir d conceptua l  rul e (Rul e III )  t o 
accoun t  fo r  thes e fina l  stage s o f  th e developmen t 
of  objec t  understandin g (Piaget' s Stag e VI) . 
The rul e state s tha t  tw o o r  mor e object s can -
not  b e i n th e sam e plac e o r  o n th e sam e pat h o f 
movement  a t  th e sam e tim e unles s the y bea r  a 
spatia l  relationshi p t o eac h othe r  whic h in -
volve s th e sharin g o f  common boundaries .  Th e 
interpretativ e adequac y o f  thi s rul e coul d b e 
evaluate d agains t  experimenta l  situation s i n 
whic h suc h boundar y sharin g occurs ,  as ,  fo r  in -
stance ,  whe n a n objec t  i s  place d o n to p o f  a 
platform ,  insid e a  cu p o r  behin d a  scree n 
(Wishart? .  Bower ,  1981) .  Experiment s o f  thi s 
for m mak e u p a  valuabl e par t  o f  th e researc h t o 
explor e th e objec t  concep t  an d wil l  b e th e focu s 
of  th e nex t  stag e o f  thi s research . 

The ultimate aim of the research will, of 
course ,  b e t o mode l  th e rule s whic h produc e 
th e chang e upward s fro m on e conceptua l  stag e t o 
th e next .  A  serie s o f  cost-gai n acceleratio n 
studie s wit h infant s i s a t  presen t  i n progres s 
i n a n attemp t  t o produc e dat a whic h wil l  giv e 
us som e insigh t  int o thes e mechanism s fo r 
chang e (Bower ,  1981) . 
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