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Abst rac t 

Thi s researc h represent s a n attemp t  t o mode l  th e child' s 
acquisitio n o f  syntacti c categories .  A  computationa l 
model ,  base d o n th e E P A M theor y o f  perceptio n an d 
learning ,  i s developed .  Th e basi c assumption s ar e tha t  (1 ) 
syntacti c categorie s ar e activel y constructe d b y th e chil d 
usin g distributiona l  learnin g abilities ;  an d (2 )  cognitiv e 
constraint s i n learnin g rat e an d memor y capacit y limi t 
thes e learnin g abilities .  W e presen t  simulation s o f  th e 
synta x acquisitio n o f  a  singl e subject ,  wher e th e mode l 
learn s t o buil d u p multi-wor d utterance s b y scannin g a 
sampl e o f  th e speec h addresse d t o th e subjec t  b y hi s 
mother . 

Introduction 

Thi s researc h represent s a n attemp t  t o mode l  th e child' s 
acquisitio n o f  syntacti c categories .  A  computationa l  model , 
base d o n th e E P A M theor y o f  perceptio n an d learning ,  i s 
developed .  Th e basi c assumption s ar e tha t  (1 )  syntacti c 
categorie s ar e activel y constructe d b y th e chil d usin g 
distributiona l  learnin g abilities ;  an d (2 )  cognitiv e 
constraint s i n learnin g rat e an d m e m o r y capacit y limi t  thes e 
learnin g abilities .  Th e ai m o f  th e projec t  i s  t o buil d a 
distributiona l  learnin g mechanis m tha t  i s no t  onl y capabl e 
of  constructin g grammatica l  categories ,  bu t  als o o f  doin g s o 
i n a  wa y tha t  i s  consisten t  wit h recen t  findings  i n th e 
developmenta l  literatur e o n th e sequencin g o f  grammatica l 
categor y acquisition . 

Shortcomings of Cognitive-Semantic Constructivist 
M o d e l s 

Ther e ha s bee n a  growin g awarenes s i n recen t  year s o f  th e 
shortcoming s o f  constructivis t  model s o f  grammatica l 
developmen t  base d o n th e gradua l  extensio n o f  broa d 
cognitive-semanti c categories .  First ,  ther e i s  th e proble m 
tha t  children' s earl y grammatica l  knowledg e doe s no t  appea r 
t o b e restricte d i n th e wa y tha t  suc h model s woul d see m t o 
predic t  (e.g .  Maratso s &  Chalkley ,  1980) .  Fo r  example , 
childre n ten d t o appl y morphologica l  marker s (e.g .  -e d pas t 
tens e endings )  t o verb s whethe r  thos e verb s refe r  t o action s 
or  not ,  whil e failin g t o overgeneralis e th e sam e marker s t o 
actiona l  adjective s (e.g .  'Noisy' ,  'Naughty' ,  etc.) .  Second , 

i t  ca n b e show n tha t  th e kind s o f  broa d cognitiv e categorie s 
t o whic h suc h model s typicall y appea l  ar e ofte n onl y viabl e 
as th e semanti c cor e o f  categorie s i n a  subse t  o f  th e world' s 
languages .  Fo r  example ,  us e o f  th e semantic-cognitiv e 
categor y 'Agent '  a s a  wa y o f  bootstrappin g u p t o th e 
categor y o f  N P subjec t  woul d represen t  a  fals e ste p i n th e 
acquisitio n o f  som e ergativ e language s whic h carv e u p th e 
semantic s o f  Agenc y i n a  differen t  wa y fro m nominative -
accusativ e language s (e.g .  Braine ,  1988) .  Third ,  ther e i s 
n o w a  wealt h o f  evidenc e tha t  childre n ar e capabl e o f 
acquirin g linguisti c distinction s whic h hav e littl e o r  n o 
semanti c bas e fro m ver y earl y i n development .  Thi s include s 
evidenc e regardin g th e mass-coun t  distinctio n i n Englis h 
(Gathercole ,  1985) ,  noun/ver b distinction s i n Hebre w 
(Levy ,  1988) ,  an d linguisti c gende r  i n a  variet y o f  differen t 
language s (e.g .  Kanniloff-Smith ,  1979) ;  an d suggest s tha t 
childre n m a y b e sensitiv e t o distributiona l  propertie s o f  th e 
languag e the y ar e learnin g fro m a  ver y earl y age . 

Shortcomings of Nativist Accounts 

Th e demis e o f  semanti c model s o f  grammatica l  developmen t 
has coincide d wit h a  resurgenc e o f  nativis t  account s o f 
children' s earl y multi-wor d speec h (e.g .  Pinker ,  1984 ; 
Valian ,  1986 ;  1991) .  Suc h account s typicall y us e th e 
semanti c heterogeneit y o f  children' s earl y multi-wor d speec h 
t o argu e fo r  a  mor e abstrac t  leve l  o f  analysi s involvin g 
adult-lik e syntacti c categories .  However ,  althoug h coheren t 
i n thei r  o w n terms ,  thes e account s d o no t  fit  th e 
developmenta l  dat a al l  tha t  wel l  an d ten d t o hav e particula r 
difficult y accountin g fo r  th e lexical-specificit y o f  children' s 
earl y multi-wor d speech .  Thus ,  a s Brain e (1988 )  point s out , 
Pinker' s attributio n o f  a  S  - > N P s u b +  V P rul e t o youn g 
languag e learnin g childre n ignore s th e fac t  tha t  childre n 
initiall y  ten d t o orde r  differen t  N P s u b +  V P sequence s i n 
differen t  ways .  Similarly ,  Valian' s attributio n o f  a  syntacti c 
determine r  categor y t o youn g language-learnin g childre n 
hide s lexica l  specificit y i n th e context s i n whic h differen t 
determiner s ar e use d (Pin e &  Martindale ,  1996 ;  Pin e & 
Lieven ,  i n press) ;  an d he r  attributio n o f  knowledg e abou t 
nominativ e case-markin g ignore s th e fac t  tha t  ther e i s 
typicall y n o evidenc e fo r  th e conu-astiv e us e o f  case-marke d 
pronoun s i n children' s earl y multi-wor d speec h (Lieven , 
Pin e &  Baldwin ,  1997) . 
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Perhap s th e stronges t  challeng e t o nativis t  account s o f 
earl y multi-wor d speech ,  however ,  come s fro m Tomasello' s 
wor k o n th e developmen t  o f  th e ver b category .  Tomasell o 
argue s o n th e basi s o f  evidenc e bot h fro m naturalisti c multi -
wor d speec h dat a (Tomasello ,  1992 )  an d fro m experimenta l 
studie s (Olgui n &  Tomasello ,  1993 ;  Tomasell o &  Olguin , 
1993) ,  tha t  ther e i s a  developmenta l  asynchron y i n th e 
acquisitio n o f  th e nou n an d ver b categorie s i n English . 
Thus ,  wherea s eve n ver y youn g childre n sho w grea t  facilit y 
i n slottin g nove l  noun-argument s int o familia r  ver b 
structures ,  thei r  knowledg e abou t  S V O wor d orde r  seem s t o 
be lexically-specifi c  i n tha t  the y no t  onl y fai l  t o generalis e i t 
fro m on e ver b t o another ,  bu t  als o see m unabl e t o us e i t  a s a 
cu e fo r  sentenc e comprehension ,  a t  leas t  i n th e absenc e o f 
additiona l  supportin g cue s suc h a s animac y and/o r  pronou n 
case-marking . 

Thes e findings  ar e importan t  fo r  a  numbe r  o f  reasons . 
First ,  the y cas t  doub t  o n th e validit y o f  stron g nativis t 
account s o f  children' s earl y multi-wor d speech ;  second ,  the y 
ar e consisten t  wit h a  mor e gradua l  category-formatio n 
proces s whic h capitalise s o n th e kin d o f  distributiona l 
learnin g abilitie s require d b y th e chil d t o acquir e 
semanticall y arbitrar y categorie s suc h a s linguisti c gender ; 
and third ,  the y provid e informatio n abou t  th e developmenta l 
sequencin g o f  earl y categor y acquisitio n whic h ca n guid e th e 
modelle r  b y servin g a s a  targe t  fo r  simulatio n an d henc e a s 
a mean s o f  constrainin g th e developmen t  o f  a  viabl e 
distributiona l  learnin g mechanism . 

Distributional Learning and Word Class 
Acquisitio n 

Distributiona l  approache s t o languag e hav e a  lon g histor y i n 
bot h Psycholog y an d Linguistics .  Moreover ,  recen t  wor k i n 
thi s are a ha s bee n quit e successfu l  i n demonstratin g jus t  h o w 
m u ch informatio n i s presen t  i n th e statistica l  distributio n o f 
word s i n larg e text-base d an d conversation-base d corpor a 
(e.g .  Finc h &  Chater .  1992) .  However ,  constructivis t 
model s base d o n suc h approache s hav e tende d t o b e give n 
rathe r  shor t  shrif t  i n th e languag e acquisitio n literatur e fo r  a 
number  o f  reasons .  First ,  the y hav e bee n criticise d o n 
logica l  grounds .  Thus ,  certai n forma l  propertie s o f  huma n 
languages ,  suc h a s th e presenc e o f  long-distanc e 
dependencies ,  hav e bee n see n a s rulin g ou t  suc h account s a 
priori .  However ,  a s recen t  wor k b y E lma n (1993 )  ha s 
shown ,  i t  i s  possibl e fo r  a  relativel y simpl e distributiona l 
learnin g mechanis m t o lear n suc h dependencies ,  albei t  i n a 
to y language ,  provide d tha t  analysi s i s initiall y  restricted , 
eithe r  b y phasin g th e inpu t  o r  b y constrainin g th e siz e o f  th e 
mechanism' s processin g window .  Thi s suggest s tha t  suc h 
logica l  argument s shoul d b e treate d wit h a  certai n amoun t  o f 
scepticis m sinc e the y deriv e m u c h o f  thei r  powe r  fro m th e 
way i n whic h the y conceptualis e languag e acquisitio n a s a 
singl e logica l  proble m rathe r  tha n a s a  comple x 
developmenta l  process . 

Second ,  distributiona l  learnin g account s hav e bee n 
criticise d fo r  makin g unrealisti c assumption s abou t  th e 
child' s processin g abilities .  Thus ,  Maratso s an d Chalkley' s 
(1980 )  mode l  assume s tha t  th e chil d tabulate s al l  th e 
grammatica l  propertie s o f  al l  word s an d constituent s i n th e 
input ,  s o tha t  th e distributiona l  analyse r  ca n flexibl y find  th e 

'best '  feature s aroun d whic h t o buil d particula r  linguisti c 
categories .  However ,  a s Kei l  (1981 )  point s out ,  ther e ar e fa r 
to o man y possibl e 'grammatica l  properties '  i n th e inpu t  fo r 
suc h a n approac h t o b e viable .  Indeed ,  Pinke r  (1984 )  show s 
tha t  eve n usin g a n impoverishe d criterio n fo r  'grammatica l 
property '  a  seven-wor d sentenc e ha s abou t  9,000,00 0 
possibl e "grammatica l  properties' . 

Thi s is ,  o f  course ,  a  ver y powerfu l  argumen t  agains t 
viewin g languag e acquisitio n a s a  proces s o f  unconstraine d 
distributiona l  analysis .  However ,  i t  i s  no t  a n argumen t 
agains t  a  distributiona l  approac h t o languag e acquisitio n pe r 
se.  Moreover ,  i t  i s  wort h pointin g ou t  tha t  argument s 
agains t  creditin g th e chil d wit h overl y powerfu l 
distributiona l  learnin g mechanism s ar e no t  th e exclusiv e 
propert y o f  nativist s an d hav e actuall y bee n mad e o n bot h 
side s o f  th e nativist-empiricis t  divide .  Thu s Brain e (1987 ) 
argue s tha t  on e wa y o f  makin g progres s i n th e are a i s t o 
identif y th e limit s o f  h u m a n distributiona l  learnin g abilitie s 
and t o us e thi s knowledg e a s a  constrain t  o n th e mechanism s 
propose d fo r  natura l  languag e acquisition .  Accordin g t o 
Braine ,  experimenta l  studie s o f  artificia l  language-learnin g 
sho w that ,  unde r  seria l  presentatio n conditions ,  subject s 
readil y lear n th e position s o f  word s o r  phrase s wit h respec t 
t o a  marker .  However ,  the y hav e grea t  difficult y i n learnin g 
arbitrar y dependencie s betwee n classe s o f  words .  This , 
togethe r  wit h th e result s o f  Elman' s work ,  raise s th e 
questio n o f  th e exten t  t o whic h i t  migh t  b e possibl e t o us e 
suc h informatio n processin g constraint s t o avoi d som e o f 
th e pitfall s  face d b y mor e powerfu l  distributiona l  learnin g 
mechanisms . 

Modelling the Developmental Sequencing 
o f  W o r d C l a s s A c q u i s i t i o n 

Our  modellin g approac h ha s severa l  aims .  First ,  w e wan t  t o 
explor e th e effect s o f  imposin g constraint s o n a  relativel y 
simpl e distributiona l  learnin g mechanism .  Thes e includ e 
constraint s o n learnin g rat e an d m e m o r y capacit y (cf . 
Elman' s work) .  Second ,  w e wan t  t o buil d a  learnin g 
mechanis m whic h ca n closel y simulat e a t  leas t  som e aspect s 
of  th e developmenta l  dat a o n wor d clas s acquisition , 
includin g th e developmenta l  asynchron y i n th e acquisitio n o f 
nou n an d ver b categorie s i n English ,  an d th e verb-specifi c 
natur e o f  children' s earl y knowledg e abou t  S V O wor d order . 
Finally ,  w e wan t  t o us e thi s mode l  t o generat e prediction s 
abou t  th e precis e shap e o f  children' s grammatica l  knowledg e 
at  particula r  point s i n development .  Th e intentio n her e i s t o 
us e th e prediction s generate d b y th e mode l  t o guid e th e 
analysi s o f  a  ver y detaile d corpu s o f  earl y multi-wor d speec h 
dat a bein g collecte d i n a  paralle l  researc h projec t  (Lieve n & 
Pine ,  1995) . 

As ou r  computationa l  framework ,  w e hav e chose n E P A M, 
a theor y tha t  ha s a  lon g histor y o f  successfu l  simulatio n o f 
human cognition ,  including :  verba l  learnin g behaviou r 
(Feigenbau m &  Simon ,  1984) ,  learning ,  memor y an d 
perceptio n i n ches s (Simo n &  Gilmartin ,  1973 ;  Gobe t 
1993a,b ;  D e Groo t  &  Gobet ,  1996) ,  th e digit-spa n tas k 
(Richma n e t  al. ,  1995) ,  an d th e contex t  effec t  i n lette r 
perceptio n (Richma n &  Simon ,  1989) .  (Fo r  alternativ e 
approache s t o modellin g earl y languag e acquisition ,  se e 
Langley ,  1987 ,  Reeker ,  1976 ,  o r  Selfridge ,  1981) . 
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E P AM model s learnin g a s th e constructio n o f  a 
discriminatio n net .  Th e basi c mechanism s ar e a s follows . 
Durin g perception ,  a n objec t  i s sorte d throug h a  sequenc e o f 
tests ,  eac h relate d t o som e featur e o f  th e object .  W h e n th e 
descriptio n o f  th e objec t  mismatche s th e interna l 
representatio n (th e image )  i t  ha s bee n sorte d to ,  a  ne w tes t  i s 
added i n th e tree ,  a  tes t  tha t  relate s t o th e mismatche d 
feature .  Thi s mechanis m i s calle d discrimination .  W h e n th e 
objec t  i s  sorte d t o a n interna l  representatio n tha t  under -
represent s it ,  ne w feature s ar e adde d t o th e imag e b y 
chunking .  Thi s mechanis m i s calle d familiarisation .  E P A M 
specifie s learnin g parameter s base d o n empirica l  dat a fro m 
verba l  learnin g experiments ,  suc h a s 8  s  t o creat e a  ne w 
node ,  1 0 m s t o carr y ou t  a  test ,  a s wel l  a s parameter s o n th e 
siz e o f  short-ter m m e m o r y ( S T M ) ,  whic h i s abou t  7  slots — 
an importan t  questio n w e ar e intereste d i n i n thi s researc h i s 
th e effec t  o f  varyin g thi s paramete r  o n learning . 

Unti l  now ,  E P A M ha s bee n explore d mainl y a s a  theor y 
modellin g acces s t o long-ter m m e m o r y ( L T M ) .  S imo n 
(1989 )  ha s propose d tha t  E P A M net s constitut e a n inde x t o 
procedura l  an d declarativ e memories ,  bu t  ha s no t  give n an y 
detail s abou t  h o w thi s shoul d b e implemente d i n a  workin g 
computationa l  model .  O n e o f  th e goal s o f  ou r  researc h i s t o 
sho w ho w procedura l  an d declarativ e memorie s ca n b e create d 
by linkin g th e node s o f  th e discriminatio n net .  I n orde r  t o 
giv e th e syste m th e capabilit y  o f  learnin g ne w concept s (i n 
our  case ,  grammatica l  categories) ,  w e wil l  us e bot h th e 
notio n o f  templat e (Gobe t  &  Simon ,  1996) ,  whic h ha s bee n 
use d t o simulat e experts '  behaviour ,  an d whic h i s relate d t o 
Tomasello' s notio n o f  verb-island ,  an d th e ide a o f  similarit y 
link s create d fro m th e node s o f  th e discriminatio n ne t 
(Gobet ,  1996) . 

Description of the Model 

Components of the Model 

The mode l  consist s o f  a  se t  o f  node s accessibl e throug h a 
discriminatio n ne t  (se c Figur e 1) ,  whic h ca n b e joine d 
togethe r  b y similarit y link s (se e belo w fo r  a  descriptio n o f 
th e wa y i n whic h thes e link s ar e created) .  W h e n node s ar e 
accesse d b y recognition ,  the y ar e activated .  Th e duratio n o f 
activatio n depend s o n th e tota l  numbe r  o f  node s currentl y 
active ,  whic h i s se t  b y th e paramete r  *maximum-number-of -
activated-symbols *  (whe n fe w node s ar e activated ,  the y m a y 
correspon d t o short-ter m memor y slots) .  Anothe r  parameter , 
*minimum-number-of-shared-links* ,  i s use d t o tes t  whethe r 
a similarit y lin k shoul d b e create d betwee n tw o symbols . 

Test-lin k 

Lea rn in g P h a s e 

Durin g th e learnin g phase ,  a  corpu s o f  utterance s i s 
presente d i n sequenc e t o th e program .  Th e progra m learn s 
th e word s an d group s o f  word s b y discriminatio n an d 
familiarisation ,  notin g onl y relation s o f  proximit y an d order , 
usin g th e primitiv e "next. "  A s learnin g proceeds ,  node s 
gro w test s fo r  possibl e lexica l  item s followin g them .  W h e n 
word s (o r  group s o f  words )  ar e recognised ,  th e correspondin g 
symbol s ar e activated .  Not e tha t  m e m o r y capacity ,  an d 
therefor e attentio n span ,  i s counte d i n chunks ,  an d no t  i n 
syntacti c units .  Therefore ,  a s th e progra m learns ,  i t  wil l  b e 
abl e t o augmen t  th e informatio n content s o f  it s  activate d 
m e m o ry a s mor e chunk s ar e recognised .  W e leav e fo r  futur e 
researc h th e questio n o f  whethe r  thi s knowledge-base d 
increas e wil l  g o i n paralle l  wit h a  "hardware "  increase ,  wit h 
th e numbe r  o f  slot s i n activate d m e m o r y increasin g a s a 
functio n o f  tim e (se e Elli s  1995 ,  fo r  simila r  ideas) . 

root-node 

(th e pear ) 

ball ) 

Figur e 1 :  Illustratio n o f  th e concept s o f  node s an d test-link s 
i n th e discriminatio n net . 

Common link s 

Figure 2: Creation of similarity links. 

After a node is activated, the program tests whether there is 
anothe r  activate d nod e tha t  share s a  n u m b e r  o f  simila r  test -
link s equa l  t o o r  greate r  tha n th e paramete r  * m i n i m u m -
number-of-shared-links* .  I f  thi s i s  th e case ,  t w o similarit y 
link s ar e create d betwee n th e t w o nodes ,  on e startin g fro m 
th e first  nod e t o th e second ,  th e othe r  startin g f ro m th e 
secon d nod e t o th e first  (se e Figur e 2) . 

Thus, frequency and variety of occurrences play a key role 
i n th e basi c m e c h a n i s m s w e hav e outlined .  W e propos e tha t 
lexically-specifi c  'Subject-Verb '  chunk s o r  'Verb-Object ' 
chunk s wil l  b e forme d i n thi s w a y .  Let' s tak e th e Verb -
Objec t  cas e a s a n example .  I n th e first  step, '  th e individua l 
word s ar e learned .  I n th e secon d step ,  node s g r o w test s fo r 
possibl e lexica l  item s followin g them .  Late r  (thir d step) , 
w h e n t w o verb-node s ar e activated ,  a  compariso n i s  m a d e o f 
th e attribute s o f  eac h o f  thes e verb-nodes .  I f  i t  i s  foun d tha t 
th e n u m b e r  o f  test-link s c o m m o n t o bot h node s i s  large r 
tha n th e *minimum-number-of-shared-l inks *  parameter ,  a 
similarit y lin k i s create d be twee n th e t w o nodes .  Testin g fo r 
similarit y i n th e test-link s ensure s tha t  similarit y link s ar e 
generall y create d onl y betwee n node s representin g word s o f 

'  Not e tha t  th e individua l  step s overlap . 
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th e sam e syntacti c class ,  eve n thoug h th e progra m itsel f 
doe s no t  k n o w thes e classes .  Finally ,  th e thir d proces s i s 
repeate d an d lead s t o th e creatio n o f  network s o f  links .  Thes e 
networks ,  whic h m a y b e knowledg e island s isolate d fro m 
eac h other ,  ca n late r  b e use d b y th e progra m t o generat e 
'verb+object '  sequence s (se e "Performanc e phase") .  Not e tha t 
m e m o ry capacit y limit s th e probabilit y  o f  learnin g suc h 
links . 

Performance Phase 

Durin g th e performanc e phase ,  th e mode l  produce s utterance s 
i n tw o ways :  (a )  b y recognition :  th e mode l  output s th e 
imag e o f  a  nod e an d on e o f  th e test-link s (thi s m a y b e th e 
symbo l  NIL ,  indicatin g tha t  nothin g follow s th e image) ;  o r 
(b )  b y generation :  th e mode l  output s th e imag e o f  a  nixl e 
and on e o f  th e test-link s o f  a  nod e linke d b y a  similarit y 
link .  Not e that ,  i f  enoug h learnin g ha s take n place ,  th e 
outpu t  o f  th e imag e m a y b e a  rathe r  comple x utterance ,  fo r 
example :  ( G O I N G T O P U T H I M I N T H E B O X ) . 

Simulations 

Methods 

We n o w presen t  a  simulatio n o f  th e earl y syntacti c 
developmen t  o f  a  singl e subject ,  Richard ,  betwee n th e age s 
of  1; 9 an d 2; 3 years .  A s a  simulatio n o f  th e parenta l  input , 
we us e a  sampl e o f  hi s mother' s speech ,  code d 
orthographicall y i n C H I L D E S format, ^  containin g 563 0 
utterance s (som e utterance s ar e duplicate d i n th e sample) , 
recorde d ove r  a  perio d o f  1 6 months .  Fo r  Richard' s data ,  w e 
us e a  sampl e o f  78 9 bigrams ,  code d a s type s (i.e .  al l  th e 
bigram s occurrin g i n Richard' s corpu s o f  61 0 multi-wor d 
utterances) . 

Th e progra m learn s b y scannin g th e materna l  sample . 
Eac h utteranc e i s sorte d throug h th e discriminatio n net ,  and , 
when part s o f  th e utteranc e ar e recognised ,  th e correspondin g 
symbol  i s activated .  W h e n th e numbe r  o f  symbol s activate d 
i s mor e tha n th e *maximum-number-of-activated-symbols * 
parameter ,  th e symbo l  activate d fo r  th e longes t  lim e i s 
deactivated .  Afte r  a  ne w symbo l  i s activated ,  th e progra m 
test s whethe r  ther e i s anothe r  activate d symbo l  whic h share s 
at  leas t  *minimum-number-of-shared-links *  simila r  link s 
wit h it .  W h e n thi s i s th e case ,  a  lin k i s create d betwee n th e 
tw o symbols .  Thi s lin k m a y b e use d late r  t o generat e 
sentences ,  a s describe d earlier . 

Results 

I n thes e simulations ,  w e wer e intereste d i n th e rol e playe d 
by th e *maximum-number-of-activated-symbols *  an d 
*minimum-number-of-shared-links *  parameters .  Sinc e th e 
performanc e o f  th e progra m change s littl e afte r  th e first  ru n 
throug h th e sampl e (typically ,  th e program s gain s onl y 2 -

^  Fo r  simplicit y sake ,  w e wil l  assum e tha t  phonologica l 
segmentatio n ha s alread y bee n done ,  a s i s commo n i n man y 
curren t  theorie s o f  synta x acquisition .  I n principle , 
phonologica l  segmentatio n ca n b e obtaine d wit h th e se t  o f 
mechanism s include d i n th e mode l  describe d here . 

3 % wit h lii e tota l  numbe r  o f  sentence s generate d i n th e si x 
nex t  runs) ,  w e conside r  onl y th e result s afte r  th e first  ru n 
here . 
Acquisitio n o f  Node s an d Similarit y Links .  Th e 
acquisitio n o f  node s b y th e discriminatio n an d 
familiarisatio n mechanism s i s no t  affecte d b y th e tw o 
parameter s i n question .  I n al l  cases ,  785 1 node s wer e 
learned .  I n th e tes t  phase ,  th e progra m wa s abl e t o recognis e 
al l  individua l  word s fro m th e mother' s sample ,  bu t  misse d 
1 0 % o f  th e word s fro m th e child' s sample .  Th e utterance s 
containin g an y o f  thes e word s wer e exclude d fro m th e 
followin g analyses . 

Figur e 3  show s tha t  th e numbe r  o f  similarit y link s i s 
sensitiv e bot h t o th e m a x i m u m numbe r  o f  node s activate d 
and th e m in imu m numbe r  o f  share d links .  Th e effect s o f  th e 
tw o variable s ar e additive .  I n th e wors t  cas e (*maximum -
number-of-activated-symbols *  =  1 0 an d *minimum -
number-of-shared-links *  =  3 )  onl y 6 8 link s ar e created . 
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Maximum number of activated nodes 

Figure 3: Number of similarity links that are learned by the 
program ,  a s a  functio n o f  th e m a x i m u m numbe r  o f  node s 
activate d an d th e m in imu m numbe r  o f  share d test-link s t o 

creat e a  similarit y link . 

Tes t  wit h th e Mother ' s S a m p l e (Teachin g Se t ) . 
I n al l  cases ,  7 4 % o f  th e utterance s wer e recognise d a s suc h 
by th e program .  Figur e 4  illustrate s th e proportio n o f 
utterance s generate d b y th e program .  A s ca n b e seen ,  bot h 
parameter s ar e important .  Ther e i s n o indicatio n o f  a n 
interaction . 
Tes t  wit h th e Child' s S a m p l e (Testin g Set) .  I n 
al l  cases ,  3 4 % o f  th e utterance s wer e recognise d b y th e 
program .  Figur e 5  illustrate s th e proportio n o f  utterance s 
generate d b y th e program .  Th e result s ar e simila r  t o thos e 
observe d wit h th e mother' s sample ,  wit h th e qualificatio n 
tha t  mor e utterance s wer e recognise d an d les s generate d wit h 
th e latte r  sample . 
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Figure 4: Proportion of the utterances from the mother's 
sampl e tha t  ar e generate d b y th e program ,  a s a  functio n o f 

th e m a x i m u m numbe r  o f  node s activate d an d th e m i n i m u m 
number  o f  share d test-hnk s t o creat e a  similarit y link . 

Min= 1 Min= 2 Mln= 3 

Maximum number of activated nodes 

Figure 5: Proportion of the utterances from the child's 
sampl e tha t  ar e generate d b y th e program ,  a s a  functio n o f 

th e m a x i m u m numbe r  o f  node s activate d an d th e m i n i m u m 
number  o f  share d "links "  t o creat e a  similarit y link . 

Qualitativ e Analysis .  A  qualitativ e analysi s o f  thos e o f 
Richard' s bigram s generate d b y th e progra m an d thos e whic h 
th e progra m fail s t o generat e illustrate s th e followin g 
propertie s o f  th e model .  First ,  i t  i s  highl y sensitiv e t o 
lexica l  pattern s suc h a s ' a +  X '  (2 0 instances) ,  'wher e -i -  X ' 
(1 6 instances )  an d ' X -i -  gone '  (1 3 instances) ;  second ,  i t  i s 
abl e t o generat e instance s o f  thes e pattern s t o whic h i t  ha s 
not  bee n previousl y exposed ;  an d third ,  it s  performanc e o n 
thes e pattern s i s no t  a n all-or-nothin g affair .  Thus ,  althoug h 
th e model' s generatio n o f  ' a -• -  X '  sequence s suggest s tha t  i t 
has picke d u p somethin g lik e a  'indefinit e articl e +  Noun ' 
patter n fro m th e input ,  i t  actuall y fail s  t o generat e som e o f 
th e 'indefinit e articl e +  Noun '  bigram s generate d b y Richar d 
himsel f  Whil e i n on e sens e thi s failur e i s obviousl y a 
weaknes s o f  th e model ,  i t  doe s underlin e th e fac t  tha t  th e 
model  i s buildin g syntacti c knowledg e i n a  piecemea l 
fashio n whic h i s highl y sensitiv e t o th e similarit y sU^ctur e 
of  th e input .  Thi s kin d o f  piecemea l  learnin g i s consisten t 
wit h a  numbe r  o f  recen t  studie s tha t  sugges t  tha t  althoug h 
childre n ar e sensitiv e t o th e distributiona l  propertie s o f  th e 
input ,  thei r  distributiona l  knowledg e i s m u c h mor e limite d 
i n scop e tha t  woul d b e assume d b y a  traditiona l  syntacti c 
analysi s (e.g. ,  Braine ,  1988 ;  Tomasello ,  1992 ;  Pin e & 
Martindale ,  1996) .  I t  als o suggest s tha t  th e mode l  ha s th e 
potentia l  t o serv e a s a  mean s o f  developin g an d testin g 
hypothese s abou t  th e natur e o f  relatio n betwee n th e structur e 
of  th e inpu t  an d th e shap e o f  th e categorie s bein g learned . 

What  ar e th e qualitativ e effect s o f  th e constraint s impose d 
by th e tw o parameter s w e hav e manipulate d i n ou r 
simulations ? A s show n earlier ,  usin g wea k constraint s (i.e. , 
larg e numbe r  o f  activate d node s an d smal l  m in imu m numbe r 
of  share d links )  allow s th e progra m t o reproduc e u p t o 7 4 % 
of  th e child' s bigram s ( 3 4 % b y recognition ,  an d 4 0 % b y 
generation) .  Th e cos t  i s tha t  i t  generate s a  larg e quanUt y o f 

non-grammatica l  utterances .  Fo r  examples ,  whe n give n a s 
inpu t  "I "  an d aske d t o generat e sentences ,  th e mode l  output s 
thing s lik e ( I  W R O N G)  o r  ( I  R O A D ) ,  amon g som e correc t 
' I  +  verb '  sentences .  B y contrast ,  whe n th e constraint s ar e 
hig h (*maximum-number-of-activated-symbols *  -  1 0 an d 
*minimum-number-of-shared-links *  =  3) ,  th e progra m 
generate s onl y correc t  ' I  +  verb '  sentences .  A s wit h Elman' s 
simulations ,  thi s suggest s som e benefit s o f  havin g a  highl y 
constraine d cognitiv e system . 

Conclusion 

The computationa l  approac h t o modellin g synta x acquisitio n 
outline d abov e ha s severa l  advantage s ove r  othe r  wor k i n 
thi s area :  1 )  Learnin g doe s no t  requir e feedback ;  2 )  Node s o f 
th e discriminatio n ne t  an d th e semanti c link s betwee n the m 
ar e no t  define d i n advance ,  bu t  ar e dynamicall y create d a s a 
functio n o f  th e inpu t  an d o f  th e curren t  stat e o f  th e system ; 
3)  Sinc e larg e discriminatio n net s an d semanti c memorie s 
ca n b e developed ,  th e mode l  i s no t  limite d t o "toy "  domains ; 
4)  Al l  learnin g mechanism s ar e local ,  an d respec t 
psychologica l  constraints ;  5 )  Th e mode l  allow s u s t o stud y 
th e rol e o f  memor y capacit y direcrty ,  a  questio n tha t  ha s 
mainl y bee n addresse d experimentall y unti l  now .  I n addition , 
th e simulation s describe d abov e sugges t  tha t  constraint s o n 
memory capacit y an d m in imu m numbe r  o f  share d link s ma y 
be necessar y t o ensur e tha t  th e progra m i s abl e bot h t o 
generat e an d t o restric t  itsel f  t o grammatica l  sentences . 

Our  intentio n i s t o develo p thi s mode l  furthe r  i n th e futur e 
and us e i t  no t  onl y t o simulat e multi-wor d speec h dat a 
whic h hav e alread y bee n collected ,  bu t  als o t o generat e 
furthe r  hypothese s abou t  th e shap e o f  children' s grammatica l 
knowledg e a t  particula r  point s i n development .  Thes e wil l 
the n b e use d t o guid e th e analysi s o f  a  ver y detaile d 
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multiwor d speec h corpu s currentl y bein g collecte d i n a  large -
scal e projec t  i n Nottingha m an d Manchester . 
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