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L e a r n i n g W o r d s :  C o m p u t e r s a n d K i d s * 

Peter M. Hastings^ Steven L. Lytinen Robert K. Lindsay 

Artificial Intelligence Laboratory 

Universit y o f  Michiga n 

Ann Arbor ,  M I  4810 9 

Abstrac t 

We present a computer-based model of acquisi-
tio n o f  wor d meanin g fro m context .  Th e mode l 
use s semanti c rol e assignment s t o searc h throug h 
a hierarch y o f  conceptua l  informatio n fo r  a n ap -
propriat e meanin g fo r  a n unknow n word .  Th e 
implementatio n o f  thi s approac h ha s le d t o m a n y 
surprisin g similaritie s wit h wor k i n modelUn g hu -
m an languag e acquisition .  W e describ e th e learn -
in g tas k an d th e model ,  the n presen t  a n empirica l 
tes t  an d discus s th e relationship s betwee n thi s ap -
proac h an d th e wor k i n psycholinguistics . 

Introduction 

Thi s pape r  describe s a  computationa l  mode l  o f  acqui -
sitio n o f  lexica l  item s fro m context .  Th e learnin g tas k 
i s define d a s follows :  give n a  se t  o f  natura l  languag e 
sentence s i n whic h a  previousl y unknow n lexica l  ite m 
appears ,  infe r  th e syntacti c clas s an d th e meanin g (o r 
meanings )  o f  th e word .  W e assum e tha t  th e vas t  ma -
jorit y o f  othe r  word s appearin g i n th e se t  o f  sentence s 
ar e alread y known . 

Our  approac h ha s bee n implemente d a s par t  o f  a 
unification-base d natura l  languag e processin g syste m 
calle d L I N K [Lytinen ,  1990] .  LINK' s gramma r  rule s 
ar e quit e simila r  i n for m t o thos e use d i n PATR-I I 
[Shieber ,  1986] .  W e hav e incorporate d semanti c infor -
matio n int o link' s grammar ,  alon g th e line s o f  H P S G 
[Pollar d an d Sag ,  1987] .  Th e integratio n o f  syntacti c 
and semanti c knowledg e int o th e sam e gramma r  for -
malis m i s ke y t o ou r  system' s abiht y t o infe r  informa -
tio n abou t  unknow n words . 

We ar e usin g L I N K i n tw o prototyp e appHcation s 
involvin g relativel y narro w domain s (i.e .  th e necessar y 
domai n knowledg e ca n b e describe d fairl y  completely) , 
but  th e textua l  inpu t  i s  entere d b y a  larg e numbe r 

'Th e researc h wa s funde d i n par t  b y a  gran t  fro m th e 
Kellog g Foundatio n throug h th e Presidentia l  Initiative s 
Fund a t  th e Universit y o f  Michiga n 

'Thi s autho r  i s als o affiliate d wit h E D S Cente r  fo r  Ma -
chin e IntelUgence ,  200 1 Commonwealt h Boulevard ,  Suit e 
102,  An n Arbor ,  M I  4810 5 

of  user s an d i s  therefor e subjec t  t o wid e variation s i n 
th e terminolog y used .  Ou r  syste m i s abl e t o infe r  th e 
meaning s o f  man y unknow n word s i n thes e applica -
tiops .  Th e example s i n thi s pape r  wil l  b e take n fro m 
one o f  thes e applications .  Th e text s i n thi s appUcatio n 
describ e sequence s o f  action s t o b e performe d o n a n 
assembl y line . 

I n thi s paper ,  w e wil l  provid e a  sketc h o f  ou r  word -
learnin g approach .  I n particular ,  w e wil l  focu s o n th e 
acquisitio n o f  wor d meanings .  Th e reade r  i s  referre d 
t o Lytine n an d Roberts ,  1989 ]  fo r  a  mor e detaile d dis -
cussio n o f  syntacti c learnin g i n L INK .  W e als o presen t 
th e result s o f  a n empirica l  test ,  i n whic h ou r  approac h 
was use d t o lear n th e meaning s o f  2 2 undefine d verb s 
fro m a  corpu s o f  10 0 input s fro m on e o f  ou r  applicatio n 
domains . 

Our  approac h t o th e word-learnin g tas k wa s no t  de -
velope d wit h th e modelin g o f  h u m a n behavio r  i n mind . 
Th e constraint s o f  th e learnin g task ,  however ,  guide d 
th e implementatio n t o a  stat e tha t  closel y resemble s 
theoretica l  an d empirica l  linguisti c explanation s o f  lan -
guag e acquisitio n i n humans .  W e wil l  discus s thes e re -
lationship s afte r  th e presentatio n o f  th e empirica J test . 

The Learning Task 

Th e L I N K parse r  i s  ofte n abl e t o infe r  th e syntacti c 
categor y o f  a n unknow n wor d usin g grammatica l  con -
straints .  Knowledg e o f  th e syntacti c categor y allow s 
L I N K t o mak e certai n inference s abou t  th e semanti c 
connection s betwee n th e unknow n wor d an d othe r  con -
stituent s o f  th e sentence .  Thi s role-fillin g informatio n 
i s use d i n conjunctio n wit h a  simpl e IS- A hierarch y i n 
orde r  t o formulat e hypothese s abou t  th e meanin g o f  a n 
undefine d word .  Al l  o f  th e semanti c predicate s define d 
i n LINK' S knowledg e bas e ar e include d i n th e hierar -
chy .  Eac h concep t  definitio n include s a  se t  o f  themati c 
role s o r  "slots "  tha t  ca n b e (optionall y o r  obligatorily ) 
attache d t o th e concept ,  a s wel l  a s th e typ e o f  concep t 
whic h ca n fill  eac h slot .  Th e se t  o f  restriction s o n fillers 
of  slot s fo r  a  concep t  mus t  b e a t  leas t  a s specifi c a s th e 
restriction s fo r  it s  ancestor s i n th e hierarch y (i.e .  mor e 
genera l  concepts) .  Th e orderin g o n generalit y o f  slot -
filler  constraint s a s wel l  a s othe r  semanti c informatio n 
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determine s th e structur e o f  th e semanti c hierMchy . 

Figur e 1  present s a  portio n o f  th e IS- A hierarch y fo r 
action s tha t  i s  use d i n describin g ou r  assembly-lin e do -
main .  Constraint s o n fillers  o f  slot s fo r  action s ar e als o 
represente d i n thi s figure.  Slot-fillin g constraint s o n a 
concep t  ar e inherite d fro m th e concept' s ancestor s i n 
th e tree .  Fo r  example ,  sinc e G E N E R A L - F A C T O R Y-
A C T I ON require s a n O B J E C T tha t  i s  a  • F A C T O R Y-
O B J E C T *,  thi s restrictio n als o implicitl y  hold s fo r 
action s lik e * G E T *  an d *INSPECT* .  • R E C O R D-
A C T I O N*  i s a n exampl e o f  a  concep t  whic h make s 
a furthe r  restrictio n o n a  previousl y constraine d slot . 
• R E C O R D *,  th e O B J E C T o f  thi s action ,  mus t  b e a 
descendan t  o f  * F A C T O R Y - O B J E C T * . 

link' s concep t  hierarch y guide s th e proces s o f 
learnin g wor d meanings .  Initially ,  i t  i s  assume d tha t 
ever y concep t  i n th e hierarch y i s a  candidat e hypothe -
si s fo r  th e meanin g o f  a n unknow n word .  Exampl e sen -
tence s ca n provid e tw o type s o f  restriction s o n th e se t 
of  candidat e hypotheses .  First ,  th e unknow n wor d ma y 
appea r  a s th e filler  o f  a  themati c rol e o f  anothe r  word , 
as i n Secur e th e flarge.  Becaus e flarge  i s assigne d a s 
th e direc t  objec t  o f  secure ,  LINK' s gramma r  suggest s 
tha t  i t  i s  th e semanti c O B J E C T o f  *SECURE* .  Thi s 
conditio n place s a n uppe r  boun d o n th e generalit y o f 
th e word' s meaning :  flarge  mus t  b e a n A U T O - P A RT 
or  on e o f  it s  descendant s i n th e hierarchy . 

The secon d typ e o f  restrictio n tha t  contex t  ma y sug -
gest  i s  a  filler  fo r  a  themati c rol e o f  th e unknow n word , 
as i n Flarg e th e door .  I n thi s case ,  LINK' s unificatio n 
grammar  suggest s tha t  * D O O R*  i s th e semanti c OB -
J E CT o f  flarge.  Informatio n abou t  role-filler s o f  a n 
unknow n concep t  plac e a  lowe r  boun d o n th e speci -
ficity  o f  th e concept :  give n tha t  * D O O R*  i s th e OB -
JECT,  flarge  ca n refe r  t o concept s lik e • G E N E R A L -
F A C T O R Y - A C T I O N*  an d •ASSEMBLE^ ,  bu t  no t 
t o concept s lik e •FASTEN^ ,  •REFILL^ ,  o r  •TAPE -
A C T I O N*  (o r  an y o f  it s  descendants )  sinc e a  * D O O R^ 
violate s th e restriction s tha t  thes e concept s plac e o n 
thei r  OBJECTS. 

Thus ,  tw o type s o f  informatio n ar e supplie d b y ex -
ampl e sentences :  informatio n whic h provide s a  lowe r 
boun d o n th e leve l  i n th e hierarch y o f  th e mejinin g o f 
an unknow n word ,  an d informatio n whic h provide s a n 
uppe r  bound .  Thi s woul d sugges t  a  least-commitmen t 
approac h t o learning ,  suc h a s Mitchell' s  candidate -
eliminatio n algorith m [Mitchell ,  1990] .  Mitchell' s  al -
gorith m use d versio n space s t o represen t  th e se t  o f 
candidat e hypotheses ,  an d slowl y narrowe d th e versio n 
spac e dependin g o n th e additiona l  constraint s provide d 
by ne w examples .  Unfortunately ,  i n ou r  word-learnin g 
task ,  ofte n i t  i s  th e cas e tha t  particula r  kind s o f  word s 
onl y appea r  i n example s tha t  provid e on e o f  th e tw o 
type s o f  restrictions .  Nouns ,  whic h usuall y refe r  t o 
things ,  almos t  alway s appea r  a s role-filler s o f  action s 
or  states ;  thus ,  example s onl y serv e t o limi t  th e up -
per  boun d o f  th e candidat e hypotheses .  Verbs ,  o n th e 
othe r  hand ,  usuall y appea r  wit h role-filler s attache d 

t o them ,  an d no t  a s role-filler s themselves ,  sinc e the y 
refe r  t o action s o r  states .  Thus ,  exaunple s onl y serv e 
t o plac e a  lowe r  boun d o n thei r  candidat e hypothe -

ses .  Thus ,  sinc e example s onl y provid e on e o f  th e tw o 
kind s o f  restriction s fo r  man y wor d classes ,  a  least -
commitmen t  algorith m woul d no t  converg e o n a  singl e 
hypothesi s fo r  th e meanin g o f  mos t  unknow n words . 

Becaus e o f  this ,  ou r  algorith m i s no t  a  least -
commitmen t  algorithm .  Fo r  nouns ,  w e assum e th e 

most  genera l  candidat e hypothesi s i s th e correc t  one . 
Thus ,  th e hypothesi s fo r  Secur e th e flarge  i s tha t  flarge 
means •AUTO-PART^ .  I n th e cas e o f  verbs ,  th e mos t 
specifi c  candidat e hypothese s ar e kept .  Fro m flarge 
th e nut ,  then ,  flarge  i s assume d t o mea n •FASTEN * 
(sinc e thi s concep t  require s a  • N U T *  a s it s  OBJECT) . 
A late r  exampl e lik e flarge  th e doo r  woul d eliminat e 
th e hypothesi s •FASTEN^ ,  sinc e a  • D O O R ^  canno t 
be it s O B J E C T.  Thi s woul d resul t  i n a  generalizatio n 
procedur e whic h ascend s th e hierarch y an d branche s 
out  unti l  a  concep t  (o r  concepts )  whos e constraint s 
ar e satisfie d b y thi s se t  o f  slot-filler s (•DOOR *  an d 
•NUT^ ) .  Th e resultin g se t  o f  hypothese s woul d the n 
be •INSTALL^ ,  •POSITION^ ,  an d •SECURE ^  sinc e 
• D O O R̂  an d * N U T *  ar e bot h *AUTO-PART*s . 

Limitations of This Technique 

Severa l  artifact s o f  th e learnin g mechanis m limi t  th e 
sor t  o f  wor d definition s tha t  ca n b e learned .  Th e first  i s 
th e assumptio n tha t  th e representatio n o f  th e ontolog y 
i s complete ,  i.e .  tha t  ever y concep t  whic h i s par t  o f 
th e domai n i s a  prior i  represente d b y som e nod e i n 
th e semanti c hierarchy .  Thi s clearl y Hmit s th e rang e 
of  concept s whic h ca n b e learned . 

I n addition ,  thi s techniqu e relie s solel y o n on e typ e 
of  information ,  th e semanti c constraint s o f  role-fillers . 
Whil e thi s informatio n i s sufficien t  t o differentiat e be -
twee n man y o f  th e wor d meanings ,  larg e classe s o f 
word s exis t  tha t  requir e additiona l  informatio n t o dis -
tinguis h th e member s o f  th e clas s fro m on e another . 

As mentione d above ,  th e learnin g algorith m ca n no t 
handl e ambiguou s words .  I n suc h cases ,  a n apparen t 
contradictio n i s foun d betwee n competin g hypotheses , 
and a n over-genera l  concep t  i s  the n chosen .  Some sor t 
of  mechanis m i s neede d t o determin e whethe r  a  mor e 
genera l  concep t  o r  a  disjunctiv e mappin g i s justifie d i n 
specifi c  situations . 

Finally ,  th e learnin g algorith m (a s w e hav e describe d 
i t  s o far )  ofte n doe s no t  converg e o n a  singl e hypoth -
esi s fo r  th e meanin g o f  a  word ,  especiall y i n th e cas e 
of  verbs .  T o se e wh y thi s i s true ,  conside r  agai n th e 
exampl e Flarg e th e nut .  Intuitivel y i t  seem s tha t  th e 
best  hypothesi s fo r  th e meanin g o f  flarge  i s *FASTEN* , 
sinc e onl y nut s ca n b e fastened ,  an d *FASTEN *  i s th e 
onl y actio n i n th e hierarch y whic h ca n b e don e t o onl y 
nuts .  However ,  man y othe r  hypothese s canno t  b e elim -
inate d a s possibihties :  flarge  migh t  mea n *INSTALL* , 
sinc e accordin g t o ou r  hierarch y nut s ca n b e installed , 
too .  Give n th e hierarch y a s i t  stands ,  n o example s 
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DAL-mCTCRX-ACCIOW* 
((OBJECT)  - R 'FACTORY-OBJECT* ) 

J*jLaxDa* l 

I  (DESTINATION )  - R •UICATION' ) 
((OBJECT)  - R "AUTO-PART" ) 

l*Cn(Z-OSJBCT* l 

((DESTINATION )  - O NOTHING) 

i*MO0H>-XCTICK * 
((OBJECT)  - R "RECORD") 

•awiLL * 
((OBJECT)  - R "LIQDID-CONTAINER" ) 

((DESTINATION )  - O NOTHING) 

((OBJECT)  - R "NUT" ) 

•xaaaoj.* ] 

•poaiTiof * 

((INSTROMENT)  - R "FASTENER" ) 

BKOOilD 
((PORPOSE)  - O "NUMBER-ACTION") 

•IBSPSCT-nOOM) * 

[((THROUGH)  - O "LOCATION" ) 

|l*S]tfK-ACTION * 
1((OBJECT )  - R "TAPE" ) 

I  •uaooiL * 
((OBJECT)  - R "HARNESS") 

[((DESTINATION )  - O NOTHING) Figur e 1 :  A  portio n o f  th e actio n concep t  hierarch y 

*AVPUC-DkPX* 
((DESTINATION )  - R "FACTORY-OBJECT") 

OBIIUJC* 

*CRaiVI.B* l 

ca n b e give n whic h wil l  eliminat e al l  othe r  candidat e 
hypothese s (assumin g fiarge  reall y doe s m e a n * F A S -
T E N * ) ,  sinc e nothin g whic h meet s th e restriction s o n 
th e slot s o f  • F A S T E N *  wil l  violat e an y o f  th e restric -
tion s o n th e slot s o f  thes e othe r  candidates . 

T o remed y thi s problem ,  ou r  algorith m rank s th e lis t 
of  cauididat e hypothese s accordin g t o h o w tightl y eaw; h 
candidate' s constraint s o n slot s ma tc h wit h th e actua l 
slo t  filler s foun d i n th e examples .  Fo r  th e exampl e 
fiarg e th e nut ,  * F A S T E N *  i s th e highest-ranke d can -
didat e hypothesi s fo r  th e mean in g o f  fiarge,  sinc e it s 
restrictio n o n th e O B J E C T slo t  exactl y matche s th e 
O B J E CT o {  fiarge  i n th e exampl e sentence . 

I n addition ,  th e fina l  se t  o f  mean in g hypothese s fo r 
an u n k n o w n wor d i s  checke d a t  th e en d o f  th e pars e 
t o se e i f  al l  o f  th e require d slot s fo r  eac h hypothesi s i s 
presen t  i n th e parse .  T h u s fo r  a n exampl e lik e fiarge  th e 
door  handle ,  wher e INSTALL* ,  *POSITION* ,  an d 
*SECURE*  woul d b e hypothese s base d o n th e fille r 
of  th e O B J E C T slot ,  * S E C U R E*  woul d b e eliminate d 
fro m consideratio n becaus e it s require d instrumen t  slo t 
i s missin g i n th e sentence . 

The Empirical Test 

To evaluat e th e effectivenes s o f  ou r  approach ,  a n em -
pirica l  tes t  wa s conducted .  In  th e test ,  a  se t  o f  10 0 ex -
ampl e input s fro m on e o f  ou r  applicatio n corpor a wa s 
chose n a t  random .  T h e tes t  corpu s consiste d o f  shor t 

description s o f  sequence s o f  action s t o b e performe d 
o n a n assembl y line .  Thi s corpu s w a s chose n fo r  th e 
tes t  becaus e w e ha d alread y develope d extensiv e set s 
of  greunma r  rule s an d lexica l  entrie s fo r  it . 

We wer e particularl y intereste d i n evaluatin g ou r  al -
gorithm' s performeinc e o n learnin g verbs ,  sinc e the y 
presente d th e larges t  chedlenge .  Fo r  th e test ,  w e re -
m o v ed th e definition s o f  al l  o f  th e verb s tha t  appeare d 
i n th e 10 0 example s fro m L INK ' s lexicon .  Ther e wer e 
22 verb s i n thi s se t  o f  examples .  W e the n ra n th e sys -
t e m o n th e 10 0 example s an d inspecte d th e definition s 
of  th e verb s t o se e whethe r  th e syste m ha d inferre d 
thei r  meaning s correctly .  Tabl e 1  present s 2  typica l 
verb s fro m th e se t  o f  example s a s wel l  a s th e sentence s 
i n whic h the y appeared . 

Tabl e 1 :  Typica l  verb s an d exampl e sentence s 

secur e 

get 

Secur e rr/d r  hnd l  w / 2 nut s 
(secur e right-rea r  doo r  handl e ... ) 
>ecur e hrn s t o rs b w / 2 in t  clip s 

(Secur e harnes s t o right-sid e 
bolste r  wit h 2  int-clips ) 
Get  inspectio n recor d 
At  bench ,  ge t  manifes t 
Get  loc k cylinde r  ki t 
Get  drive r 
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A representativ e se t  o f  verb s alon g wit h thei r  in -
ferre d meaning s i s presente d i n tabl e 2 .  I n tabl e 3 ,  th e 
verb s ar e groupe d accordin g th e qualit y o f  th e resul t 

achieved .  T h e 1 7 verb s i n grou p 1  ( 7 7 % o f  th e tota l 
set )  wer e learne d t o th e m a x i m u m exten t  possibl e give n 
th e amoun t  o f  knowledg e tha t  exist s i n th e system . 
For  7  o f  thes e words ,  th e correc t  meanin g wa s th e top -
ranke d hypothesis .  Fo r  th e others ,  th e correc t  meanin g 
i s include d a m o n g a  se t  o f  hypothese s tha t  ar e indis -
tinguishabl e usin g onl y th e role-fille r  constraints .  Fo r 
example ,  th e action s * I N S T A L L *  an d * P O S I T I O N * 
ar e bot h define d a s requirin g a n * A U T O - P A R T *  fo r 
an object .  Withou t  additiona l  information ,  ther e i s n o 
way t o distinguis h betwee n thes e concepts .  Thus ,  bot h 
of  th e concept s remai n a s hypothese s fo r  th e meaning s 
of  instal l  am d positio n a t  th e en d o f  th e tes t  run .  Verb s 
of  thi s typ e ar e counte d a s havin g bee n successfull y 
learne d i n ou r  tes t  results . 

Grou p 2  contain s verb s tha t  wer e ambiguous ,  i.e . 
tha t  referre d t o tw o o r  mor e node s i n th e semanti c 
hierarchy .  A s state d above ,  th e algorith m currentl y 
has n o wa y o f  successfull y handhn g suc h words . 

T h e verb s i n grou p 3  wer e th e victim s o f  shortcom -
ing s i n th e implementation .  Allo w alway s occur s wit h 
a sententia l  object ,  e.g .  Allo w t o loa d pape r  t o print -
ers .  Thi s cause s difficult y fo r  th e learnin g algorith m 
sinc e i t  ca n onl y haindl e on e wor d a t  a  tim e (notic e tha t 
loa d doesn' t  sho w u p i n th e results) .  T h e wor d preloa d 
was onl y foun d i n on e sentenc e i n thi s tes t  set ,  s o th e 
hypothesi s wa s overl y specific . 

T h e result s o f  thi s tes t  sugges t  tha t  a  larg e portio n 
of  th e meanin g o f  unknow n word s ca n b e inferre d auto -
maticall y usin g onl y ver y basi c conceptua l  informatio n 
abou t  th e domain . 

Tabl e 3 :  Groupin g o f  verb s i n tes t  result s 

Ta 
V e r b 
chec k 

crumpl e 
faste n 
instal l 
preloci d 
rcjic h 
uncoi l 

>l e 2 :  Sampl e result s o f  tes t  ru n 
Ordere d mean in g hypothese s 
•AS IDE *  * C H E C K - O B J E C T *  * G E T * 
• I N S P E C T *  * L O A D *  * L U B R I C A T E * 
• O P E N*  * P L A C E *  * R E M O V E* 
• R E P A I R *  • R E S T O C K *  * R O U T E * 
• T O S S* 
• B R E A K*  * C R U M P L E* 
• F A S T E N* 
*INSTALL ^  'POSITION ^ 
•SECURÊ  
•REACĤ  
•UNCOIL^ 

Relate d C o m p u t e r  M o d e l s 

Simila r  effort s a t  usin g machin e learnin g technique s 
i n lexica l  acquisitio n wer e reporte d i n [Zernik ,  1987] . 
Zerni k describe d hi s approac h a s usin g a  versio n spac e 
techniqu e t o lear n phrasa l  lexico n rules .  However , 
Zernik' s syste m receive s feedbac k fro m a  teache r  i n th e 
for m o f  user-supplie d "contexts "  tha t  explai n wha t  th e 

Grou p 1 

Grou p 2 

Grou p 3 

upin g 
ide ,  b aside ,  break ,  crumple ,  fasten , 

fold ,  get ,  install ,  position , 
reach ,  remove ,  return ,  route , 
secure ,  step ,  toes ,  uncoil ,  wal k 

apply ,  check ,  plac e 
allow ,  preloa d 

inpu t  means .  I t  i s no t  clea r  i f  Zernik' s approac h ca n b e 
adapte d t o a  situatio n i n whic h feedbac k i s no t  avail -
able . 

Selfridge' s CHIL D progra m [1986 ]  use d contextua l 
informatio n t o provid e constraint s o n definition s o f  un -
define d word s i n muc h th e sam e wa y a s ou r  syste m doe s 
fo r  nouns .  However ,  CHIL D learne d fro m onl y on e ex -
ample ,  an d coul d no t  furthe r  refin e meaning s base d o n 
subsequen t  examples . 

Jacob s an d Zerni k [1988 ]  describ e th e RIN A system , 
i n whic h a  tas k ver y simila r  t o ou r  word-learnin g tas k i s 
performed .  R IN A examine s larg e corpora ,  extractin g 
many example s o f  a  give n unknow n word .  Althoug h 
the y d o no t  describ e thei r  algorith m i n detail ,  i t  ap -
pear s fro m example s discusse d i n th e pape r  tha t  wor d 
meanin g acquisitio n i n R IN A i s drive n mor e heavil y b y 
discours e contex t  tha n i n LINK . 

Relationships to Developmental 

Psycholinguistic s 

Althoug h thi s mode l  wa s develope d solel y t o allo w ef -
ficient  us e o f  th e limite d informatio n availabl e t o th e 
natura l  languag e processin g system ,  som e o f  th e chal -
lenge s w e face d i n th e developmen t  o f  th e syste m bea r 
a strikin g resemblanc e t o issue s brough t  u p i n th e psy -
cholinguisti c literature .  Thi s suggest s tha t  thes e chal -
lenge s ar e no t  uniqu e t o computationa l  model s bu t 
ar e inheren t  difficultie s i n languag e learnin g i n general . 
Some o f  thes e issue s ar e discusse d below . 

The No-Negative-Evidence Problem 

When childre n lear n language ,  the y mus t  induc e th e 
structur e o f  th e languag e an d th e meaning s o f  th e 
word s relyin g almos t  entirel y o n example s o f  utter -
ance s whic h ar e withi n th e language .  The y don' t  hav e 
th e benefi t  o f  negativ e evidenc e t o hel p the m i n thei r 
learnin g task .  Thi s lac k o f  discriminatin g informatio n 
makes th e learnin g proces s computationall y ver y com -
plex ,  ye t  childre n d o lear n language .  Th e Subse t  Prin -
cipl e wa s describe d i n [Berwick ,  1985 ]  a s on e wa y tha t 
childre n coul d reduc e th e complexit y o f  th e learnin g 
task .  Thi s principl e suggest s tha t  childre n hav e a  hier -
archice d menta l  representatio n o f  language s ordere d o n 
th e specificit y o f  th e grammars .  Whe n learnin g syn -
taix ,  childre n first  hypothesiz e th e mos t  specifi c  gram -
mar  tha t  account s fo r  th e inpu t  i n orde r  t o avoi d over -
generalization . 
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We ar e face d wit h a  simila r  proble m i n ou r  mode l 
of  meanin g acquisition .  Th e lac k o f  negativ e evidenc e 
abou t  wor d mecining s a s wel l  a s th e natur e o f  th e role -
filler  constraint s provide s a  lowe r  boun d o n th e se t  o f 
hypotheses ,  bu t  n o uppe r  bound .  Thu s w e ar e force d 
t o choos e th e mos t  specifi c  hypothese s t o b e abl e t o 
lear n fro m a  trainin g se t  consistin g o f  onl y positiv e 
examples . 

Bowerman [1983 ]  present s a  mode l  o f  ho w childre n 
deal  wit h th e no-negative-evidenc e proble m i n learn -
in g ver b meanings .  Sh e describe s a  metho d i n whic h 
childre n coul d us e syntacti c informatio n to ,  i n effect , 
subcategoriz e verb s accordin g t o aspect s o f  thei r  mean -
ing s (e.g .  causation) .  Bowerma n suggest s tha t  ad -
ditiona l  discriminator y informatio n suc h a s thi s ca n 
be use d a s pseudo-negativ e evidenc e i n tha t  childre n 
can mak e prediction s abou t  wor d usag e fro m syntacti c 
clues .  Th e violatio n o f  thei r  assumption s provide s th e 
negativ e evidenc e tha t  meike s th e learnin g proces s les s 
computationall y overwhelming . 

I n ou r  model ,  w e tr y t o fin d th e mos t  specific ,  falsifi -
abl e hypotheses .  I f  a  late r  exampl e ha s a  slot-fille r  tha t 
violate s ou r  origina l  hypothesis ,  w e choos e on e tha t  ca n 
accommodat e bot h th e ol d an d th e ne w slot-fillers . 

Syntactic and Semantic Bootstrapping 

Gleitma n [1990 ]  detaile d a  mechanis m calle d "syntac -
ti c bootstrapping "  tha t  childre n migh t  us e t o guid e 
thei r  searc h fo r  meaning s o f  verb s throug h th e spac e 
of  possibl e meaning s tha t  coul d b e inferre d fro m th e 
immediat e context .  Sh e suggeste d tha t  childre n a s 
youn g a s 1 7 month s hav e stron g capabilitie s fo r  rec -
ognizin g syntacti c distinction s an d usin g the m t o con -
strai n th e meaning s o f  verb s the y ar e learning .  Fo r 
example ,  childre n w h o ha d n o prio r  knowledg e o f  th e 
wor d flex  wer e show n tw o videos ,  on e o f  Bi g Bir d an d 
th e Cooki e Monste r  crossin g an d uncrossin g thei r  ow n 
arms ,  an d anothe r  wit h on e o f  the m crossin g th e arm s 
of  th e other .  W h e n th e sentence s Bi g Bir d i s flexing 
wit h th e Cooki e Monste r  an d Bi g Bir d i s flexing  Cooki e 
Monste r  wer e broadcas t  throug h a  speaker ,  th e chil -
dre n showe d a  definit e preferenc e fo r  th e "syntacticall y 
congruen t  screen" ,  i.e .  th e vide o tha t  wa s showin g th e 
actio n tha t  wa s bein g described ,  eve n thoug h the y ha d 
no semanti c knowledg e o f  th e meanin g o f  flex.  Gleit -
man argue d tha t  withou t  suc h a  constrainin g mecha -
nism ,  th e tas k o f  wor d learnin g woul d b e computation -
all y infeasible .  Bu t  whil e he r  approac h relie s solel y o n 
th e syntacti c structur e o f  th e sentenc e t o yiel d seman -
ti c clues ,  ou r  approac h combine s us e o f  syntacti c an d 
semanti c informatio n (bu t  n o externa l  context )  t o gen -
erat e hypotheses . 

I n Shatz '  [1987 ]  descriptio n o f  a  simila r  bootstrap -
pin g mechanism ,  sh e give s a n exampl e o f  a  4-year-ol d 
who sai d " I  pricke d m y finger"  afte r  sh e ha d stuc k her -
sel f  wit h a  needle ,  an d the n asked ,  "Wha t  doe s pric k 
mean?"  Thi s suggest s tha t  childre n learnin g languag e 
can us e thei r  limite d knowledg e o f  th e contex t  i n whic h 

a wor d i s use d t o develo p a  partia l  hypothesi s fo r  th e 
meanin g o f  tha t  word ,  jus t  a s ou r  syste m incrementall y 
refine s inferre d meaning s ove r  multipl e examples . 

Later Language Acquisition 

Althoug h ou r  approac h present s maui y simila r  proper -
tie s t o som e aspect s o f  children' s languag e acquisition , 
i t  canno t  b e seriousl y considere d a  mode l  o f  th e learn -
in g proces s o f  childre n becaus e o f  th e assumptio n tha t 
th e system' s domai n knowledg e i s complet e a t  th e tim e 
of  wor d meanin g acquisition .  I n thi s sense ,  th e mode l 
i s mor e simila r  t o h u m a n languag e acquisitio n tha t  i s 
don e late r  i n life .  T w o example s o f  thi s ar e Geni e an d 
secon d languag e learners . 

As Curtis s explain s [Curtiss ,  1982] ,  Genie ,  durin g 
her  developmenta l  years ,  wa s deprive d o f  al l  o f  th e lin -
guisti c inpu t  tha t  childre n usuall y receive .  Sh e wa s 
als o partiall y  deprive d o f  informatio n abou t  th e world . 
She stil l  ha d informatio n abou t  he r  o w n surroundings , 
however ,  an d presumabl y th e maturatio n o f  he r  cogni -
tiv e abilitie s gav e he r  a  muc h mor e develope d (thoug h 
stil l  quit e limited )  conceptua l  representatio n fo r  th e 
worl d than ,  say ,  a  2-year-ol d woul d have .  Bu t  Geni e 
didn' t  kno w th e word s tha t  wen t  wit h th e concept s 
sh e knew .  Becaus e o f  this .  Genie' s tas k o f  learnin g 
languag e i s ver y simila r  t o th e on e tha t  ou r  mode l  i s 
face d with .  Unfortunately ,  Genie' s linguisti c depriva -
tio n durin g he r  "sensitiv e years "  appear s t o hav e ren -
dere d he r  syntacti c abilit y  permanentl y limited .  Al -
thoug h Geni e ha s don e quit e wel l  i n acquirin g th e 
meaning s o f  words ,  ther e ar e stil l  noticeabl e deficits .  I n 
th e fac e o f  thi s compute r  mode l  an d th e wor k o n syn -
tacti c bootstrapping ,  i t  i s  eas y t o se e wh y sh e woul d 
hav e difficultie s i n learning .  A  larg e par t  o f  th e in -
formatio n tha t  constrain s th e word-lejirnin g proces s i s 
unavailabl e t o her . 

Th e learnin g o f  a  secon d languag e i s anothe r  cas e 
wher e a  full y  develope d conceptua l  representatio n ex -
ist s whe n wor d learnin g take s place .  Unfortunately ,  th e 
secon d languag e acquisitio n literatur e tend s t o concen -
trat e o n teachin g method s an d problems ,  an d no t  o n 
psychologica l  o r  linguisti c theorie s o f  th e processe s in -
volved .  O n e exampl e o f  th e forme r  tha t  lean s towar d 
th e latte r  i s  Cornell' s  descriptio n [1985 ]  o f  th e difficul -
tie s o f  teachin g second-languag e learner s th e meaning s 
of  phrasa l  verb s (verb-particl e pairs) .  H e cite s m a n y 
reason s fo r  thes e difficulties ,  amon g the m th e subtl e 
difference s betwee n meaning s fo r  thes e verbs ,  an d vary -
in g syntacti c constraints .  Unfortunately ,  ou r  mode l 
doesn' t  contai n th e answer s t o thes e problem s either , 
sinc e we'r e stil l  tryin g t o lear n th e gros s difference s 
i n meaning s o f  word s i n ou r  Hmite d domain .  Cornel l 
doe s giv e u s motivation ,  however ,  stating ,  "Presum -
abl y wha t  i s neede d i s a  compute r  intelligen t  enoug h 
t o sca n a  corpu s an d recogniz e phrasa l  grouping s an d 
assig n meaning s t o them. " 

As mentione d above ,  ou r  mode l  o f  languag e learnin g 
was no t  develope d fo r  th e purpos e o f  simulatin g lan -
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guag e acquisitio n i n humans .  I f  th e similaritie s foun d 
betwee n ou r  mode l  an d th e psycholinguisti c model s ar e 
more tha n coincidence ,  however ,  the n ou r  mode l  wil l 
provid e a  valuabl e testbe d fo r  th e computationa l  eval -
uatio n o f  languag e theories . 

Future Work 

Ther e air e man y way s i n whic h ou r  algorith m ca n b e ex -
tended .  First ,  th e algorith m a s i t  currentl y stand s use s 

onl y informatio n abou t  semanti c dependencie s tha t  th e 
parse r  i s abl e t o identif y betwee n word s i n exampl e sen -
tences .  I t  shoul d b e abl e tak e advantag e o f  othe r  infor -
matio n avEiilabl e fro m th e examples ,  suc h a s th e syn -
tacti c construction s use d wit h a m unknow n word ,  addi -
tiona l  semanti c contextua l  information ,  an d s o on .  Th e 
use o f  suc h additiona l  informatio n woul d enhanc e th e 
similarit y betwee n thi s approjic h an d syntacti c boot -
strapping . 

Second ,  th e assumptio n tha t  a  wor d mus t  ma p di -
rectl y t o a  uniqu e concep t  i n th e hierarch y i s no t  a  re -
alisti c  one .  Man y word s ar e ambiguous ,  an d thu s refe r 
t o tw o o r  mor e node s i n th e hierarchy .  Eve n a n unam -
biguou s word' s meanin g ma y no t  correspon d exactl y t o 
an alrecid y existin g nod e i n th e hierarchy .  I n fac t  th e 
mutua l  exclusivit y (contrast )  assumption ,  describe d i n 
[Markman ,  i n press ,  Clcirk ,  1989] ,  suggest s tha t  chil -
dre n learnin g wor d meaming s ar e biase d agains t  tw o 
word s havin g th e sam e meaning .  Ou r  syste m shoul d 
be abl e t o us e a  simila r  bia s b y entertainin g disjunctiv e 
hypothese s fo r  wor d meanings ,  an d shoul d als o b e abl e 
t o conside r  "splitting "  a  nod e i n th e hierarch y (simila r 
t o th e approac h i n [Winston ,  1975]) ,  s o tha t  a  wor d 
can refe r  t o a  ne w subconcept .  I n addition ,  a  mecha -
nis m coul d b e adde d t o th e syste m t o chec k fo r  word s 
tha t  refe r  t o particula r  concepts .  I f  a  concep t  alread y 
has a  referen t  word ,  i t  ca n b e skippe d whe n lookin g fo r 
a meanin g fo r  a n unknow n word . 

Finally ,  w e wil l  continu e t o examin e th e relate d is -
sues foun d i n th e psycholinguisti c literatur e an d ex -
plor e method s o f  incorporatin g thes e theoretica l  an d 
experimenta l  result s int o ou r  computationa l  model . 
Hopefull y thes e relationship s wil l  allo w u s t o mak e ou r 
model  mor e efficien t  an d mor e relevan t  t o huma n learn -
ing . 
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