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ABSTRACT 

The model discussed here is offered as a prototype of the use 
of  a  computationa l  mode l  t o explor e alternat e hypothese s an d t o 
sugges t  possibl e answer s t o som e o f  th e question s whic h hav e bee n 
addresse d i n th e stud y o f  languag e acquisition .  Why doe s no t  th e 
chil d en d u p wit h a n overl y generalize d gramma r  o r  lexicon ? Ther e 
i s muc h evidenc e concernin g th e kind s o f  generalization s an d 
over-generalization s tha t  childre n make .  Howeve r  i f  w e permi t  n o 
over t  an d specifi c  correctio n o f  th e child' s errors ,  the n ho w i s i t 
tha t  error s o f  over-generalizatio n d o no t  persis t  int o adul t  speech ? 
One answe r  t o thi s questio n i s proffere d b y attachin g a  syste m o f 
weight s t o hypotheses .  Ther e ar e tw o relate d problem s t o b e solved . 
Some mechanis m i n th e mode l  mus t  allo w erroneou s hypothese s t o b e 
corrected ;  i n additio n ther e mus t  b e a  wa y tha t  mor e matur e 
construct s ca n replac e earlie r  ones .  Th e mode l  accomplishe s thes e 
tw o task s b y mean s o f  a  syste m o f  weight s whic h represen t  confidenc e 
value s an d recenc y values .  B y thi s syste m mor e frequentl y matche d 
construct s ar e preferre d ove r  les s frequentl y matche d constructs , 
and mor e recen t  hypothese s ar e favore d fo r  testing .  Thi s learnin g 
paradig m i s illustrate d b y a  se t  o f  procedure s fo r  learnin g th e pas t 
tens e o f  verb s i n English .  Th e schem e ha s th e advantag e tha t  fo r  a 
perio d o f  tim e whe n confidenc e factor s ar e approximatel y i n balanc e 
tw o o r  mor e construct s ca n co-exist .  Thu s w e nee d no t  tal k o f  rule s 
or  individua l  case s whic h hav e bee n learne d o r  hav e no t  ye t  bee n 
learne d bu t  rathe r  o f  a  continuu m i n whic h rul e schema s ar e eithe r 
stron g o r  weak . 

WHY MODEL? 

The development of computational models of language aquisition is a 
scienc e whic h i s i n it s infancy .  Th e mode l  discusse d her e i s offere d a s a 
prototyp e o f  th e us e o f  a  computationa l  mode l  t o explor e alternat e hypothese s 
and t o sugges t  possibl e answer s t o som e o f  th e question s whic h hav e bee n 
addresse d i n th e stud y o f  languag e acquisition .  Computationa l  model s suc h a s 
our s may b e use d a s a  too l  fo r  linguist s an d psychologist s i n th e tas k o f 
explorin g an d contrastin g alternativ e theorie s abou t  th e wa y i n whic h childre n 
lear n thei r  nativ e language .  We woul d clai m tha t  suc h model s enabl e th e 
theoris t  t o achiev e a  degre e o f  explicitnes s whic h i s virtuall y impossibl e t o 
attai n whe n workin g onl y wit h penci l  an d paper .  Equall y importan t  ar e th e 
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question s whic h suc h model s rais e whic h migh t  i n theor y b e overlooke d bu t 
whic h mus t  b e addresse d i n th e implementatio n o f  a  computationa l  model .  Suc h 
model s encourag e a  compariso n o f  th e result s o f  a  theor y t o actua l  dat a whic h 
i n tur n aid s i n refinin g an d evaluatin g th e theory . 

Tliere are of course many different approaches which a computational model 
of  languag e acquisitio n ma y take .  On e approac h i s t o procee d fro m a 
characterizatio n o f  adul t  gramma r  an d wor k backward s t o se e ho w th e chil d 
migh t  arriv e a t  thi s characterization .  A n alternativ e approach ,  an d th e on e 
embodie d i n ou r  model ,  i s  t o wor k forwar d fro m th e evidenc e tha t  th e chil d 
provide s towar d som e characterizatio n o f  th e adul t  language .  Ou r  mode l  mus t 
as k no t  onl y unde r  wha t  condition s a  languag e ca n b e learne d b y a 
computationa l  model ,  bu t  als o doe s th e mode l  lear n th e languag e i n th e sam e 
way tha t  th e chil d does ? Particula r  attentio n mus t  b e pai d t o th e error s tha t 
childre n mak e sinc e chil d speec h tha t  differ s fro m adul t  speec h yield s clue s 
concernin g th e processe s tha t  th e chil d i s usin g t o understan d an d produc e 
speech .  A n equall y importan t  clu e t o th e child' s processe s ar e thos e error s 
whic h th e chil d typicall y doe s no t  make .  On e frequentl y note d phenomeno n i s 
th e over-generalizatio n o f  th e plura l  o f  noun s an d o f  th e pas t  tens e o f  verb s 
i n English .  Suc h phenomen a nee d explanation .  Ou r  computationa l  mode l  o f 
languag e acquisitio n therefor e mus t  no t  onl y lear n t o understan d an d generat e 
sentence s o f  eve r  greate r  complexit y a s doe s th e child ,  bu t  t o provid e a 
satisfyin g explanatio n o f  th e cours e o f  languag e acquisitio n th e mode l  mus t 
make th e sam e kind s o f  error s tha t  th e chil d make s an d eventuall y correc t  th e 
error s afte r  furthe r  learnin g ha s occurred .  We hav e recentl y extende d ou r 
model  t o atten d t o an d lear n pas t  tens e form s o f  verbs .  I t  i s  gratifyin g t o 
observ e tha t  th e sam e processe s whic h enable d th e acquisitio n o f  a  simpl e 
grammar  exten d ver y naturall y t o th e learnin g o f  pas t  tens e ver b forms . 

In this paper we emphasize the somewhat different sorts of answers which 
computationa l  model s ma y sugges t  t o traditiona l  questions ,  principall y becaus e 
of  a n approac h t o languag e acquisitio n a s acquirin g a  se t  o f  dynami c processe s 
as oppose d t o acquirin g a  se t  o f  rules . 

OVERVIEW O F MODEL 

We will now describe our model of the acquisition of English in the 
two-year-old .  Ou r  mode l  i s a n on-goin g researc h project ,  bu t  th e mechanism s 
discusse d her e hav e bee n full y implemented .  We ca n giv e onl y a  brie f  overvie w 
of  th e mode l  an d it s assumption s i n thi s paper .  Reader s intereste d i n detail s 
of  th e mode l  shoul d consul t  Hil l  (1982 .  2983 )  fo r  ful l  particular s o f  th e 
model  includin g example s o f  compute r  outpu t  togethe r  wit h correspondin g 
linguisti c dat a collecte d fro m a  two-year-ol d child .  Th e psychologica l 
validit y o f  th e mode l  i s defende d i n Hil l  an d Arbi b (1984 )  an d i n Hil l  (1984) . 
The mode l  i s describe d a s a  member  o f  th e clas s o f  schei'.a-theoreti c model s i n 
Arbib .  Conklin ,  an d Hil l  (1986) .  A  discussio n o f  th e us e o f  th e mode l  i n 
investigatin g th e child' s understandin g an d formatio n o f  coordinat e structur e 
i s t o b e foun d i n Hil l  (1985) .  I t  i s  characteristi c o f  ou r  mode l  tha t  th e 
interna l  representatio n o f  th e learnin g whic h take s plac e i s mor e importan t 
tha n th e outpu t  o f  th e system ,  s o th e mode l  mus t  b e describe d i n term s o f  th e 
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knowledg e structure s whic h ar e buil t  a s th e mode l  acquire s languag e a s wel l  a s 
i n term s o f  th e output . 

Figure 1 provides a diagram of the components of the model. The model 
take s a s it s inpu t  adul t  sentence s togethe r  wit h indication s provide d b y th e 
user ,  wher e relevant ,  o f  th e physica l  contex t  i n whic h th e sentence s ar e 
uttered .  Outpu t  fro m th e mode l  i s a  representatio n o f  child-lik e sentence s 
repeatin g o r  respondin g t o th e adul t  inpu t  i n accordanc e wit h th e curren t 
stat e o f  th e Model' s linguisti c capacity .  Th e child' s knowledg e i s 
represente d b y dynami c dat a structure s encodin g th e child' s lexicon ,  th e 
child' s grammar ,  th e conceptua l  knowledg e o f  th e child ,  an d th e physica l 
contex t  o f  th e dialogue .  Th e mode l  i s give n a  basi c lexico n an d a  se t  o f 
concept s wit h a  mappin g betwee n th e two .  N o assumption s hav e bee n mad e abou t 
th e ultimat e for m o f  th e adul t  gramma r  no r  abou t  wha t  mus t  b e built-i n t o th e 
model ,  bu t  a  precis e accoun t  i s kep t  o f  th e knowledg e an d processe s whic h ar e 
foun d t o b e necessar y t o b e built-i n t o th e mode l  eve n fo r  thi s elementar y 
leve l  o f  languag e understandin g an d production .  Processe s atten d t o th e adul t 
inpu t  an d us e rule s o f  salienc e t o focu s o n example s withi n th e adul t  dat a 
whic h ar e use d a s th e basi s fo r  languag e growth .  Th e mode l  i s writte n i n LIS P 
usin g th e semanti c ne t  languag e GRASPER (Lowranc e 1978) .  Th e worl d knowledg e 
i s encode d i n a  semanti c ne t  a s ar e th e gramma r  template s an d th e lexicon . 
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The mode l  use s it s languag e experienc e t o buil d a  gramma r  whic h i s a t  firs t  a 
fla t  templat e gramma r  bu t  whic h eventuall y evolve s int o a  gramma r  whic h i s 
actuall y a  procedura l  gramma r  bu t  whic h ca n b e describe d b y a  se t  o f  recursiv e 
context-fre e phras e structur e rules .  Th e mode l  notice s an d employ s relation s 
and wor d order ,  employ s rule s fo r  concatenatin g relation s an d deletin g words , 
and a s th e mode l  grow s wor d classe s ar e formed ,  an d ne w wor d form s ar e 
learned . 

Let us explore the use of specific examples drawn from the input data. 
We wil l  assum e tha t  gav e ha s bee n identifie d a s a  relation-wor d an d place d o n 
th e gleanin g list .  Fro m a n adul t  sentenc e suc h a s "Dadd y gav e th e to y t o th e 
boy "  th e mode l  migh t  initiall y  respon d wit h a  singl e wor d suc h a s toy .  A 
subsequen t  presentatio n o f  th e sam e sentenc e migh t  caus e th e mode l  t o acquir e 
a templat e fo r  gav e to y wher e gav e woul d b e classifie d a s a  relation-wor d an d 
to y a s a  slot-filler .  Ye t  anothe r  presentatio n o f  th e sentenc e migh t  caus e 
th e mode l  t o lear n th e templat e Dadd y gav e wher e Dadd y wa s a  slot-filler ,  an d 
eventuall y th e templat e (slot l  gav e slot2 )  woul d b e learne d fo r  Dadd y gav e 
toy .  Th e learnin g i s highl y dynami c i n tha t  eac h tim e th e sam e bod y o f  inpu t 
i s presente d t o th e mode l  a  differen t  se t  o f  gramma r  rule s an d additiona l 
lexica l  clas s informatio n ma y b e learned .  What  i s learne d i n eac h 
presentatio n o f  th e inpu t  depend s upo n th e languag e experienc e o f  th e mode l 
and wha t  ha s bee n learne d s o far .  N o informatio n i s give n th e mode l  abou t 
wor d classes ,  bu t  hearin g sentence s suc h a s "Mommy gav e th e toy, "  "Joh n gav e 
th e book, "  "Su e gav e th e puzzle, "  woul d eventuall y caus e th e mode l  t o pu t  toy , 
book ,  an d puzzl e al l  togethe r  i n a  wor d clas s meanin g word s whic h stan d fo r 
possibl e object s o f  th e relation-wor d gave .  Not e tha t  i t  woul d no t  matte r  i f 
th e inpu t  sentence s wer e fa r  mor e comple x tha n thos e use d her e fo r 
illustration .  Ther e i s n o requiremen t  fo r  correc t  an d ordere d exemplars . 
Typicall y w e us e a s inpu t  adul t  sentence s take n fro m a  transcribe d sessio n o f 
adult/chil d conversation .  I n th e compute r  ru n fro m whic h illustration s hav e 
bee n chose n fo r  thi s pape r  th e adul t  sentence s wer e take n fro m th e Ada m corpu s 
whic h wa s collecte d b y Roge r  Brown ,  Ursul a Belugl ,  Coli n Fraser ,  an d Courtne y 
Cazde n prio r  t o 197 3 (Brow n 1973 )  an d whic h ha s bee n mad e availabl e t o u s 
throug h th e Chil d Languag e Dat a Exchang e System .  (Fo r  detail s se e MacWhinne y 
& Sno w 1985) .  B y th e processe s describe d abov e wor d classe s ar e derive d fro m 
th e child' s ow n abilit y  t o produc e language .  I f  th e mode l  i s focussin g o n th e 
wor d gave ,  the n a  sentenc e suc h a s "Mommy gav e th e to y t o Su e whil e sh e wen t 
int o th e stor e t o bu y groceries "  woul d hav e jus t  th e sam e effec t  a s th e shor t 
sentence s use d abov e fo r  a n illustration .  Thes e processe s resul t  i n a 
multiplicit y o f  overlappin g an d intersectin g wor d classes .  Th e mode l  require s 
schemas fo r  wor d classificatio n an d templat e classificatio n i n orde r  t o grow , 
but  th e actua l  classe s remai n flexible .  Processe s o f  generalizatio n 
eventuall y als o permi t  th e classifyin g o f  relation-word s whic h migh t  permit , 
fo r  example ,  givin g an d bringin g t o b e relation-word s tha t  coul d b e classe d 
togethe r  a s word s whic h hav e simila r  syntacti c properties . 

Successive reorganizations of the grammar and the lexicon occur as 
learnin g take s place .  Thi s proces s o f  gradua l  broadenin g o f  wor d classe s an d 
grammatica l  rule s fro m applyin g t o specifi c  exemplar s t o set s o f  specifi c 
exemplar s t o mor e genera l  categorie s ha s bee n defende d i n Kucza j  (1982) .  an d 
Maratso s an d Chalkle y (1980) .  I n thi s fashio n th e mode l  suggest s on e wa y i n 
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whic h languag e base d initiall y  o n cognitiv e knowledg e ca n gro w int o a 
syntacti c syste m whic h wil l  b e increasingl y independen t  o f  it s  semanti c an d 
cognitiv e foundations .  I t  i s  importan t  t o not e tha t  althoug h th e rule s 
embodie d i n th e mode l  ar e simple ,  thei r  interactio n i s comple x enoug h t o 
necessitat e th e us e o f  a  compute r  model . 

The model to date has attained only the level of a two-year-old producing 
sentence s o f  u p t o si x word s i n length .  Initiall y  th e gramma r  acquire d i s 
entirel y fla t  an d i s mad e u p o f  rule s fo r  formin g two-wor d utterance s 
expressin g relation s an d fo r  combinin g thos e two-wor d relation s int o 
utterance s whic h may b e tw o t o si x word s i n length .  I t  ca n understan d an d 
produc e coordinat e structur e suc h a s tha t  foun d i n th e Ada m corpus ,  age s tw o 
year s thre e month s u p t o tw o year s eleve n months ,  an d wit h th e enhancement s t o 
be describe d belo w i t  ca n no w acquir e a  subse t  o f  Englis h suffixe s an d 
prefixes . 

DYNAMIC RULE SCHEMAS 
AND TH E US E O F CONFIDENCE FACTORS I N TH E MODEL 

Why does not the child end up with an overly generalized grammar or 
lexicon ? Ther e i s muc h discussio n i n th e literatur e concernin g th e kind s o f 
generalization s an d over-generalization s tha t  childre n make .  (Se e fo r  exampl e 
Brown.1973 ,  an d deVillier s an d deVilliers ,  1978) .  We believ e tha t  i t  i s 
importan t  t o focu s o n th e error s tha t  childre n mak e becaus e o f  th e insight s 
whic h the y yiel d concernin g th e processe s tha t  th e chil d employ s i n languag e 
acquisition .  Bowerma n (1974 )  state s thi s positio n ver y clearly .  A  stua v b y 
Bybee an d Slobi n (1982 )  present s a  carefu l  examinatio n o f  th e acquisitio n o f 
irregula r  past-tens e form s o f  verb s i n English .  If ,  however ,  w e permi t  n o 
over t  an d specifi c  correctio n o f  th e child' s errors ,  the n ho w shal l  w e explai n 
th e fac t  tha t  error s o f  over-generalizatio n d o no t  persis t  int o adul t  speech ? 
Conside r  th e verb ,  break .  I t  i s  a n empirica l  fac t  tha t  childre n a t  th e 
earlies t  stag e o f  languag e acquisitio n typicall y lear n th e wor d brok e an d see m 
t o us e i t  correctly .  On e may assum e tha t  suc h form s hav e bee n learne d b y 
rote .  The n a t  a  subsequen t  stag e o f  developmen t  th e chil d wil l  star t  t o us e 
th e wor d breaked .  Presumabl y thi s i s becaus e th e chil d ha s forme d a  genera l 
schema fo r  formin g th e pas t  tens e o f  verbs .  Eventuall y o f  cours e childre n 
lear n tha t  brea k i s a n irregula r  ver b an d aoe s no t  obe y th e genera l  rul e i n 
th e for m o f  it s pas t  tense .  Bu t  th e puzzl e i s tha t  fo r  a  perio d o f  time , 
sometime s fo r  years ,  bot h form s exis t  i n th e child' s vocabulary .  Ho w ca n thi s 
perio d o f  imbalanc e betwee n th e erroneou s an d th e correc t  form s b e explained ? 
Thi s behavio r  canno t  b e explaine d i f  th e languag e mechanis m i s expresse d i n 
term s o f  explici t  rule s whic h th e chil d eithe r  know s o r  doe s no t  know . 

One answer to this question is proffered by our computational model which 
attache s a  syste m o f  weight s t o hypothese s abou t  wor d form s an d gramma r  rules . 
Thes e weight s ar e mean t  t o represen t  th e relativ e strengt h o f  th e variou s 
hypotheses .  (A n alternativ e mode l  o f  thi s phenomeno n i s offere d i n th e 
connectionis t  mode l  o f  Rumelhar t  &  McClelland ,  1987 ,  t o appear. )  Ther e ar e tw o 
relate d problem s t o b e solved .  Some mechanis m i n th e mode l  mus t  allo w 
erroneou s hypothese s t o b e corrected ;  i n additio n ther e mus t  b e a  wa y tha t 
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more matur e construct s ca n replac e earlie r  ones .  Ou r  mode l  accomplishe s thes e 
tw o task s b y mean s o f  a  syste m o f  confidenc e value s an d recenc y values .  A 
confidenc e valu e i s associate d wit h eac h hypothesi s an d thi s confidenc e valu e 
i s increase d eac h tim e th e hypothesi s i s instantiate d i n th e adul t  speec h 
input :  th e confidenc e valu e i s increase d t o a  lesse r  degre e eac h tim e th e 
hypothesi s i s instantiate d i n th e chil d speec h output .  I n thi s wa y mor e 
frequentl y matche d construct s com e t o b e preferre d ove r  (give n a  highe r 
confidenc e facto r  than )  les s frequentl y matche d constructs .  Hypothese s mus t 
be reinforce d t o survive .  I f  ne w hypotheses ,  however ,  ar e t o star t  wit h ver y 
lo w confidenc e value s the y wil l  hav e troubl e "catchin g up "  wit h earlie r 
hypotheses .  Fo r  thi s reaso n separat e recenc y value s ar e employe d whos e 
functio n i t  i s  t o caus e mor e recen t  hypothese s t o b e favore d fo r  testing .  We 
wil l  refe r  t o Th e combinatio n o f  confidenc e value s an d recenc y value s a s 
confidenc e factors .  Th e us e o f  weight s t o direc t  learnin g i n computationa l 
model s i s b y n o mean s unique .  Simila r  weightin g scheme s hav e bee n employe d i n 
many computationa l  models .  (See ,  fo r  example .  Kelley ,  1967. )  B y mean s o f  th e 
us e o f  confidenc e factor s ou r  mode l  attain s th e desire d effects . 

To illustrate, if the model were given a lexical pair such as tie and 
unti e an d th e knowledg e tha t  unti e i s th e revers e proces s o f  tie ,  the n th e 
model  migh t  hypothesiz e a  se t  o f  simila r  proces s pair s suc n a s cover/uncover . 
drop/undrop ,  hang/unhang .  I t  migh t  b e tha t  onl y afte r  a  grea t  dea l  o f 
languag e experienc e wil l  th e hypothesize d lexica l  entrie s unhan g an d undro p b e 
forgotten .  Thi s genera l  schem e ha s th e advantag e tha t  fo r  a  perio d o f  tim e 
when confidenc e factor s ar e approximatel y i n balanc e tw o o r  mor e construct s 
ca n co-exist ,  as ,  fo r  example ,  i n th e cas e o f  th e past-tens e ver b brok e an d 
th e over-generalize d for m breake d fo r  th e ver b break .  Thu s w e nee d no t  tal k 
of  rule s o r  individua l  case s whic h ha ^  e  bee n learne d o r  hav e no t  ye t  bee n 
learne d bu t  rathe r  o f  a  continuu m i n whic h rul e procedure s ar e eithe r  stron g 
or  weak . 

LEARNING PAST-TENS E VERB FORMS I N ENGLIS H 

It is especially interesting to explore the use of verbs in English in 
th e developin g languag e o f  th e chil d sinc e learnin g Englis h i s intimatel y tie d 
t o th e learnin g o f  verbs .  DeVillier s (1985 )  ha s foun d evidenc e tha t  inpu t 
languag e ha s a  significan t  impac t  o n th e child' s developin g languag e wit h 
respec t  t o verbs .  Th e mother' s us e o f  verb s i s a  hig h predicto r  o f  th e 
child' s us e o f  verbs .  Not e tha t  i t  i s  no t  th e frequenc y o f  th e mother' s use , 
but  rathe r  th e variet y o f  ver b form s i n th e mother' s us e o f  a  particula r  ver b 
whic h i s a  significan t  predicto r  o f  th e variet y o f  form s th e chil d wil l  us e 
fo r  tha t  sam e verb .  Thi s i s interprete d t o mea n tha t  th e chil d i s monitorin g 
th e inpu t  fo r  clue s abou t  th e grammatica l  prototypicalit y o f  form s o f 
individua l  verbs .  Wid e difference s i n th e us e o f  verb s betwee n subject s wer e 
foun d i n th e sample s considere d i n he r  study .  Verb s wit h a  variet y o f  hear d 
use s wer e use d wit h greate r  confidenc e b y th e chil d eve n i n unhear d contexts . 
Our  mode l  simulate s thi s monitorin g process .  DeVilliers '  analysi s di d no t 
addres s th e issu e o f  over-generalizatio n bu t  i t  doe s len d credenc e t o ou r 
processe s whic h rel y o n th e informatio n gleane d fro m th e inpu t  b y focussin g o n 
differen t  construct s a t  differen t  time s fo r  th e learnin g o f  th e forms . 
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The learning paradigm Is as follows: 

1 Observe a c:rT9latlon between past-tense verbs and -cd endings 

2 Place -ed at the end of all action-verbs and give a modest 
confidenc e facto r  t o al l  thes e past-tens e form s 

3. Proceed to modify the confidence factors deoending on the 
experienc e o f  th e mode l  a s follow s 

- add a small increment to the confidence factor of a given form 
eac h tim e th e mode l  produce s tha t  past-tens e for m 

- add a larger increment to the conftoence factor of a given form 
eac n tim e th e moae l  notice s tha t  for m i n th e aaul t  inpu t 

.-igur e . 
Leamin a Past-Tens e Form s o f  Vere s i n EncHs n Throug h Us e o f 

Dvnami c Rul e Scnema s an d Con f  Icenc e Factor s 

Figur e 2  summarize s ou r  model' s paradig m fo r  learnin g past-tens e form s o f 

Englis h verbs .  I n orde r  t o observ e th e correlat io n betwee n past-tens e an d -e d 

endings ,  th e mode l  mus t  b e give n a  representatio n o f  t ime-pas t  i n it s 

cognitiv e knowledge ,  an d th e abil i t y  t o identif y act io n verb s i n it s lexicon . 

The mode l  simulatio n begin s b y formin g past-tens e entrie s i n it s lexico n fo r 

al l  actio n verb s simpl y b y addin g -e d endings .  Eac h o f  thes e form s i s 

initiall y  give n a  modes t  confidenc e factor .  Th e mode l  the n proceed s t o modif y 

th e confidenc e factor s o f  th e past-tens e form s dependin g upo n it s languag e 

experience .  A  smal l  incremen t  i s adde d t o th e confidenc e facto r  o f  a  for m 

eac h tim e tha t  th e mode l  produce s a  past-tens e form ;  a  large r  incremen t  i s 

adde d eac h tim e tha t  th e mode l  find s a  past-tens e for m i n th e adul t  input . 

The choic e o f  past-tens e for m t s entirel y deoenden t  upo n th e Inpu t 
sentence s used ,  s o n o concVjsion s ca n b e draw n abou t  th e specifi c 
past-tens e form s whic h a r  learned ,  bu t  dependin g upo n th e inpu t 
dat a 

-  Th e model  may kee p a n erroneou s -e d endin g 

- The model may proceed through a period of instability in which 
It  wil l  vacillat e betwee n -e d an d irregula r  form s 

- The model may discard the erroneous -ed form and replace It by 
th e Irregula r  for m 

Figur e } 

Observe d Behavio r  o f  th e Model  wit h respec t  t o past-tens e wer t  form s 
i n Englis h 
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The resultin g behavio r  o f  th e mode l  i s summarize d i n Figur e 3 .  Sinc e th e 
choic e o f  past-tens e for m i s entirel y dependen t  upo n th e inpu t  t o th e model , 
no conclusion s ca n b e draw n abou t  th e th e specifi c  past-tens e form s whic h ar e 
learned ,  bu t  dependin g upo n th e inpu t  data ,  th e mode l  may (1 )  kee p a n 
erroneou s -e d ending ,  ma y (2 )  procee d throug h a  perio d o f  instabilit y  i n whic h 
th e outpu t  vacillate s betwee n a n erroneou s -e d endin g an d th e correc t 
irregula r  fora ,  o r  (3 )  th e mode l  may discar d th e erroneou s for m an d replac e i t 
by th e irregula r  form .  Al l  thes e form s o f  behavio r  ar e exhibite d i n th e 
sampl e outpu t  fro m a  serie s o f  compute r  run s whic h i s presente d fo r 
illustratio n i n Figur e 4 .  T o mak e apparen t  th e changin g preference s o f  th e 
model ,  onl y past-tens e form s ar e show n i n th e outpu t  exhibite d here .  A 
portio n o f  th e interna l  representatio n o f  th e mode l  i s graphicall y represente d 
i n Figur e 5 ,  th e informatio n give n th e mode l  fo r  thi s illustratio n i s 
presente d i n Figur e 6 ,  an d a  summar y o f  th e confidenc e factor s attache d t o th e 
differen t  past-tens e form s i s summarize d i n Figur e 7 . 

Lexico n 

—T — ^ - j ^  meanin g 

onen 

opened Dreake d 

DJUed 
oroKe oroke d 

Concedl-Soac e 

,  ŷ'̂ rtinn-rnnrpnt" ^ 

cl  r  Clas s 
pt  =  post-tens e for m 

Figur e 5 
A Scnemoti c RepreseniBtio n o r  a  Portio n o r  tn e 

internal Representation of Our nodel 

415 



HIL L 

Sinc e developin g th e capacit y t o lear n th e pas t  tens e form s o f  verbs ,  w e 

hav e successfull y applie d th e sam e strategie s t o th e learnin g o f  plura l  form s 

of  noun s whic h nam e physica l  objects .  We believ e tha t  thi s abilit y  t o 

generaliz e th e processe s employe d b y th e mode l  lend s suppor t  t o th e validit y 

of  th e processes . 

Lexico n 
away ,  bank ,  basket ,  bat ,  book ,  break ,  broKe ,  chair ,  coat ,  come ,  Daddy , 
Dale ,  do ,  door ,  down ,  fall ,  fell ,  game ,  glove ,  go ,  hang ,  here ,  horn .  In , 
M o m m y,  on ,  one ,  open ,  oUier ,  out ,  outsioe ,  over ,  paoer ,  pick , 
pocketbook ,  put ,  racket ,  see ,  sit ,  take ,  that ,  time ,  together ,  took ,  try , 
up,  use ,  Ursula ,  want ,  watch ,  what ,  when ,  whistle ,  yo u 

Relation list 
(oossn-rel n Jowner) ,  (breaking-re! n bre3k),(broklng-rel n broke) , 
(coming-rei n come) ,  (doing-rel n do; ,  (oown-rel n down) , 
{'alling-rei n fall) ,  (fellmg-rel n fell) ,  (coing-rei n go; , 
(hanging-rel n hang) ,  (here-rei n here) ,  (in-rei n in) ,  (on-rel n on) , 
(opening-rcl n open) ,  (out-rel n out) ,  (outside-rei n outsioe) , 
(over-rei n over) ,  (picking-rel n pick) ,  (puttlng-rel n put) , 
(seeing-rel n see) ,  (slttmg-rel n sit) ,  (that-rei n that) , 
(taking-rei n take) ,  (tooking-rei n took) ,  (trying-rel n try) ,  (up-rel n up) , 
(using-rel n use) ,  (wantlng-rei n want) ,  (watcning-rei n watch) , 
(wnat-rei n wnat) ,  (wnen-rel n wnen ) 

Feature list 
person:Dale .  Daddy ,  M o m m y,  Ursul a 
place :  here ,  outsid e 

Slot-filling features 
possn-rei n Jowne r  perso n 
nere-rei n Jslotl:pointing-ob j 

Closed class 
and 

"izure 6 

Informatio n Give n th e Mode l  fo r  thi s ru n 
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Dreake d 
brok e 
broke d 

faile d 
fel l 
felle d 

opene d 

picke d 

put 
pute d 

take d 
too k 
looke d 

Firs t  Ru n 

.8 
.95 5 
.95 7 • 

.90 9 * ? 
.7 5 
.90 9 • ? 

.67 5 

.95 5 

.94 4 
.96 7 » 

.9 6 * 
.67 5 
.94 1 

Second Ru n 

.8 
.9 9 » 
.95 7 

.90 9 
.95 8 * 
.95 7 

.94 1 

.98 3 

.98 4 
.9 9 • 

.98 6 * 

.95 8 
.97 6 

Fina l  Ru n 

.8 
.99 5 • 
.95 7 

.90 9 
.98 1 • 
.95 6 

.96 1 

.99 2 

99 5 • 
.99 3 

.98 7 

.97 9 
.99 3 * 

•win s 

Figure 7 

Confidenc e Factor s Attacne d t o Post-Tens e Form s 

CONCLUSION 

We would emphasize that the purpose of this illustration is not to make 
any specifi c  claim s abou t  th e learnin g o f  past-tens e form s i n English ,  bu t 
rathe r  t o illustrat e tha t  a  paradig m suc h a s our s may b e sensitiv e t o th e 
inpu t  dat a an d my exhibi t  varie d behavior .  Th e us e o f  dynami c rul e schema s 
and confidenc e factor s ha s bee n use d t o mode l  th e phenomen a o f  generalization , 
over-generalization ,  an d subsequen t  correctio n o f  over-generalize d forms . 

This discussion has been offered as an example of the kind of answers 
tha t  computationa l  model s ca n proffe r  fo r  consideratio n an d experimentation . 
Othe r  issue s whic h th e sam e mode l  explore s ar e (1 )  wha t  variatio n occur s i n 
th e mode l  a s specifi c  constraint s ar e built-i n o r  omitted ,  (2 )  ho w ca n th e us e 
of  inpu t  filter s focu s o n differen t  aspect s o f  th e inpu t  dat a ove r  time ,  (3 ) 
how doe s variatio n i n meanin g representatio n an d set s o f  semanti c feature s 
affec t  th e learnin g process .  We believ e tha t  th e developmen t  o f  model s suc h 
as our s wil l  hav e a  larg e impac t  o n futur e wor k i n languag e acquisition . 
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