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I n t e g r a t e d L e a r n i n g o f  W o r d s a n d t h e i r  U n d e r l y i n g C o n c e p t s 

R a y m o nd J .  M o o n c y 

Coordinated Science Laboratory 

Universit y o f  Illinoi s a t  Urbana-Champaig n 

Abstract 

Model s o f  learnin g wor d meaning s hav e generall y assume d prio r  knowledg e o f  th e concept s t o 

whic h th e word s refer .  However ,  nove l  natura l  languag e tex t  o r  discours e ca n ofte n presen t  bot h 

unknow n concept s an d word s whic h refe r  t o thes e concepts .  Also ,  developmenta l  dat a suggest s tha t 

th e learnin g o f  word s an d thei r  concept s frequentl y occur s concurrentl y instea d o f  concep t  learnin g 

proceedin g wor d learning .  Thi s pape r  present s a n integrate d computationa l  mode l  fo r  acquirin g 

bot h wor d meaning s an d thei r  underlyin g concept s concurrently .  Thi s mode l  i s implemente d a s a 

wor d learnin g componen t  adde d t o th e CI-NLSI S explanation-base d schem a acquisitio n syste m fo r 

narrativ e understanding .  A  detaile d exampl e i s describe d i n whic h CnNHSI S learn s provisiona l 

definition s fo r  th e word s "kidnap" ,  "kidnapper" ,  an d "ransom "  a s wel l  a s a  kidnappin g schem a fro m 

a singl e narrative . 

Introduction 

Previou s computationa l  model s o f  th e acquisitio n o f  wor d meanin g [Berwick83 ,  Granger?? , 

Selfridge82 ]  hav e assume d existin g knowledg e o f  th e concep t  underlyin g th e wor d t o b e learned .  I n 

thes e models ,  wor d learnin g i s a  proces s o f  usin g .surroundin g contex t  t o establis h a n identificatio n 

betwee n a  ne w lexica l  ite m an d a  know n concept .  However ,  ne w word s ar e no t  alway s encoun -

tere d a s label s fo r  k n o w n concepts .  W h e n encounterin g a  ne w concep t  i n natura l  languag e tex t  o r 

discourse ,  i t  i s  quit e likel y tha t  on e wil l  al.s o com e acros s unknow n word s whic h refe r  t o variou s 

aspect s o f  th e ne w concept .  A  wor d learnin g mode l  whic h require s prio r  knowledg e o f  th e under -

lyin g concep t  wil l  b e unabl e t o acquir e eve n provisiona l  meaning s fo r  suc h words . 

Developmenta l  studie s sugges t  tha t  th e learnin g o f  word s an d thei r  underlyin g concept s fre -

quentl y occur s concurrently .  Hxperimenl s b y Gopni k an d Meltzof f  reveale d tha t  children' s acquisi -

tio n o f  "disappearance "  word s occurre d a t  abou t  th e sam e tim e the y learne d t o solv e object -

permanenc e task s involvin g invisibl e displacement s I(]!opnikS6] .  Fro m thi s data ,  the y conclude d 

tha t  learnin g m a y ofte n involv e "concurren t  cognitiv e an d semanti c developments ,  rathe r  tha n 

involvin g cognitiv e prerequisite s fo r  semanti c developments. "  Bowerma n [BowermanSO ]  an d Kuc -

zaj  [Kuczaj82 ]  hav e als o use d developmenta l  dat a t o argue  fo r  a n interactiv e approac h t o languag e 

and concep t  acquisition . 

Thi s pape r  describe s a n integrate d computationa l  mode l  o f  th e acquisitio n o f  wor d meaning s 

and thei r  underlyin g concepts .  Thi s approac h wa s develope d i n a n attemp t  t o ad d wor d learnin g 

abilitie s t o th e GENESI S explanation-ba.se d schem a acquisitio n syste m [Mooney85] .  Fro m a  singl e 

natura l  languag e narrative ,  th e curren t  GENESI S syste m i s abl e t o acquir e a  ne w schem a a s wel l  a s 

provisiona l  meaning s fo r  severa l  schem a relate d words . 

An Overview of Schema Acquisition in GENESIS 

GENESIS [.Mooney85 ]  i s a n explanation-base d learnin g .syste m (DeJong86 ,  ]VIilchell86 ]  whic h 

learn s a  pla n schem a fro m a  singl e instanc e b y determinin g wh y a  particula r  sequenc e o f  action s 

observe d i n a  specifi c  narrativ e allowe d th e actor s t o achiev e thei r  goals .  Durin g th e understandin g 

process .  GENESI S attempt s t o construc t  explanation s fo r  characters '  action s i n term s o f  th e goal s 

thei r  action s wer e mean t  t o achieve .  Thi s proce.s s involve s pla n an d script-base d understandin g 

'  Thi s researc h wa s supporte d b y Ih c Otlic e o f  Nava l  Researc h unde r  gran t  N-0001 4 8 6 K  0309 . 
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mechanism s lik e thos e employe d b y previou s narrativ e processin g system s [SchankSl] .  W h e n th e 

syste m observe s tha t  a  characte r  ha s achieve d a n interestin g goa l  i n a  nove l  way .  i t  generalize s th e 

compositio n o f  action s th e characte r  use d t o achiev e thi s goa l  int o a  ne w schema .  Th e generaliza -

tio n proces s (describe d i n [Mooney86] )  consist s o f  a n analysi s o f  th e causa l  mode l  o f  th e narrativ e 

whic h remove s unnecessar y detail s whil e maintainin g th e validit y o f  th e explanation .  Th e result -

in g generalize d se t  o f  action s i s the n store d a s a  ne w schem a an d use d b y th e syste m t o correctl y 

proces s narrative s whic h wer e previousl y beyon d ils-capabililies . 

I n [Ahn87] .  experimenta l  evidenc e i s presente d whic h indicate s that ,  lik e GENHSIS ,  peopl e ca n 

als o a  acquir e a  schem a b y generalizin g th e explanatio n o f  a  singl e narrative .  Afte r  readin g on e 

specifi c  instanc e o f  a  nove l  plan ,  subject s wer e abl e t o describ e th e underlyin g schem a i n abstrac t 

terms ,  generat e a  differen t  instance ,  an d correctl y answe r  question s abou t  th e genera l  schema . 

An Example of Learning Words with their Concepts 

Thi s sectio n present s a n exampl e o f  GENlfSlS '  abilit y  t o lear n wor d meaning s a s wel l  a s thei r 

correspondin g concept s fro m a  singl e example .  Firs t  th e syste m i s give n th e followin g kidnappin g 

story .  A t  thi s point ,  GHNHSI S ha s schemat a fo r  threatening ,  capturing ,  makin g bargains ,  an d a 

number  o f  othe r  action s a s wel l  a s definition s fo r  m a n y words ;  however ,  i t  doe s no t  hav e a  schem a 

fo r  kidnapping-for-ranso m no r  definition s fo r  th e word s "kidnap" ,  "kidnapper" ,  o r  "ransom" . 

Stor y 1 

Fre d i s Mary' s fathe r  an d i s a  millionairf .  Joh n approaclu d Mar y an d pointe d a  gu n a t  her .  Slj e 
was vkearin g blu e jeans .  H e tol d he r  i f  sh e di d no t  ge t  i n hi s ca r  the n h e woul d shoo t  her .  Me drov e 
her  t o hi s hote l  an d locke d lu- i  i n hi s room .  Joh n calle d Fre d an d tol d hi m Joh n wa s holdin g Mar y 
captive .  Joh n tol d Fre d i f  Fre d gav e hi m $25000 0 a t  Treno s the n Joh n uoul d releas e Mary .  Fre d 
pai d hi m th e ranso m an d th e kidnapi>e r  release d Mary .  Valeri e i s Fred' s wif e an d h e tol d he r  tha t 
someone ha d kidnappe d Mary . 

Fro m thi s singl e instance .  GENESI S learn s a  genera l  .schem a fo r  kidnapping-for-ranso m (whic h i t 

call s CaptureBargai n base d o n th e tw o mai n action s whic h compos e it )  a s wel l  a s preliminar y 

definition s fo r  "kidnapper" ,  "ransom" ,  an d "kidnap" .  A  paraphras e o f  th e CaptureBargai n schem a i s 

show n below : 

CaplureBargain(?x97.?a52.?bll,?c4,?yl5,?119 ) 

?bl l  i s  a  ixTson .  ?c 4 i s a  location .  ?x9 7 i s a  character .  ?bl l  i s  free .  ?x9 7 capture s ?bll .  ?a5 2 i s a 
character .  ?\9 7 contact s ?a5 2 an d tell s i t  tha t  ?bl l  i s  ?x97' s captive .  7yl 5 i s a  valuable .  7x9 7 
want s t o hav e ?yl 5 mor e tha n i t  want s ?b l  1  t o b e ?x97' s captive .  ?a5 2 ha s a  positiv e relationshi p 
wit h ?h l  1 .  ?a5 2 ha s ?yl5 .  7x9 7 an d ?a5 2 carr y ou t  a  bargai n i n whic h 7x9 7 release s 7bl l  an d ?a5 2 
give s 7x9 7 ?yl 5 a t  7119 . 

The provisiona l  definitio n learne d fo r  "kidnap "  i s a n actio n de.scribin g a n instanc e o f  CaptureBargai n 

wher e th e subjec t  i s  th e acto r  (?x97 )  an d th e direc t  objec t  i s  th e perso n h e capture s an d the n 

release s i n exchang e fo r  paymen t  (?bll) .  Th e definitio n conjecture d fo r  "kidnapper "  i s a  perso n 

filling  th e acto r  rol e o f  th e ne w schem a (?x97 )  an d th e definitio n fo r  "ransom "  i s a  valuabl e ite m 

give n t o thi s acto r  (?yl5) .  Thes e definition s d o no t  exactl y matc h th e standar d dictionar y 

definition s o f  thes e words ,  bu t  the y ar e reasonabl e approximation s give n thei r  us e i n thi s on e exam -

ple .  Th e lexica l  an d schemati c knowledg e acquire d fro m thi s exampl e enable s th e syste m t o subse -

quentl y explai n th e followin g storie s a s instance s o f  it s  ne w CaptureBargai n schema . 

Stor y 2 

Ted i s Alice' s husband .  A  kidnappe r  too k .A.lic e int o a  room .  Bo b go t  $7500 0 an d release d Alice . 

Stor y 3 

Ted i s .̂ lice' s husband .  Joh n too k .\lic e int o a  room .  Te d pai d Joh n th e ranso m an d Joh n release d 
Alice . 

Stor y 4 

.Stev e kidnapî e d Valerie .  Mik e wa s Valerie' s fathe r  an d pai d .Stev e $30000 . 
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Prio r  t o learning ,  GENHSI S coul d no t  conslruc l  explanation s fo r  an y o f  thes e storie s sinc e eac h on e 

require s bot h knowledg e o f  th e schem a an d a  definitio n fo r  th e appropriat e kidnap-relate d word . 

How GENESIS Learns Word Meanings 

Sinc e th e processe s fo r  learnin g rol e label s suc h a s "kidnapper "  an d "ransom "  an d tha t  fo r 

learnin g schem a label s suc h a s "kidnap "  ar e somewha t  different ,  eac h o f  thes e procedure s wil l  b e 

discusse d separately . 

learning Role Labels 

The procedur e use d t o lear n rol e label s i s simila r  t o th e techniqu e use d b y th e F O U L - U P sys -

te m [Granger?? ]  excep t  tha t  i t  i s  integrate d wit h th e schem a learnin g an d schem a activatio n 

processes .  W h e n th e parse r  ( a modifie d versio n o f  M c D Y P AR [Dyer83] )  encounter s a n unknow n 

wor d whe n ther e i s a n expectatio n fo r  a  nou n o f  som e class ,  a  d u m m y variabl e i s created ,  anno -

tate d wit h th e unknow n word ,  an d allowe d t o fill  th e expectation .  Fo r  example ,  th e phras e "Fre d 

pai d hi m th e ransom "  i n Stor y 1  i s parse d int o th e assertion :  Atran.sCPersonl,?xl,Person3 )  wher e 

?x l  i s  marke d wit h th e fac t  tha t  i t  cam e fro m th e unknow n wor d "ransom. "  I f  a n inpu t  patter n 

wit h a n unknown-wor d variabl e lik e ?x l  matche s a  patter n expecte d b y currentl y activ e schema . 

the n a  provisiona l  definitio n fo r  th e wor d i s mad e base d o n th e constraint s o n th e schem a rol e 

whic h matche s th e variable .  Fo r  example ,  i n th e "ransom "  case ,  th e previou s sentenc e i n Stor y 1 

suggeste d a  Bargai n schem a betwee n Joh n an d Fre d an d se t  u p expectation s fo r  th e tw o propose d 

actions .  Sinc e "Fre d pai d hi m th e ransom "  matche s th e expecte d actio n "Fre d give s Joh n th e 

$250000. "  an d "ransom "  fill s  th e rol e o f  th e ite m whos e possessio n i s transferred ,  a n initia l 

definitio n i s mad e fo r  "ransom "  statin g tha t  i t  i s  a  physica l  objec t  whos e possessio n i s transferre d 

durin g a  Bargain . 

However ,  thi s i s no t  th e final  definitio n create d fo r  "ransom "  sinc e a n additiona l  proces s i s per -

forme d whe n a  ne w schem a i s learned .  Eac h o f  th e sub-action s composin g a  ne w schem a i s checke d 

fo r  role s whic h ar e filled  b y unknown-wor d variable s o r  whic h wer e previousl y matche d t o suc h a 

variabl e resultin g i n a n initia l  definition .  I n eithe r  case ,  a  ne w definitio n i s create d fo r  th e unk -

n o wn wor d base d o n th e rol e i t  fills  i n th e learne d schem a an d th e schem a constraint s o n thi s role . 

Consequently ,  whe n th e CaptureBargai n schem a i s subsequentl y recognize d an d learne d fro m Stor y 

1.  i t  cause s "ransom "  t o b e redefine d a s a  valuabl e ite m who.s e possessio n i s transferre d t o th e acto r 

i n a  CaptureBargai n schem a (?yl5) .  Th e rational e fo r  havin g learne d schemat a tak e precedenc e 

when definin g suc h word s i s tha t  a  learne d schem a represent s a  ne w situatio n an d therefor e ne w 

word s ar e assume d mor e likel y t o b e directl y as.sociate d wit h i t  tha n wit h a n existin g schem a lik e 

Bargain . 

Th e provisiona l  definitio n fo r  a  rol e labe l  lik e "ransom "  contain s tw o parts .  Th e first  i s  a  se t 

of  constraint s o n th e objec t  itself ,  suc h a s a n assertio n tha t  i t  b e Valuable .  Th e secon d par t  i s  a 

suggestio n o f  th e schem a o f  whic h i t  i s  a  role .  Th e fac t  tha t  a  rol e labe l  definitio n ca n sugges t  a 

relevan t  schem a allow s GFNESI S t o us e th e definitio n t o construc t  explanation s fo r  narrative s 

whic h i t  otherwis e woul d no t  understand .  W h e n th e wor d "ran.som "  i s subsequentl y encountere d 

i n Stor y 3 .  i t  suggest s tha t  th e CaptureBargai n schem a migh t  b e relevant .  Thi s schem a i s the n use d 

i n a  top-dow n fashio n t o construc t  a n explanatio n fo r  th e text .  Sinc e n o othe r  piec e o f  informatio n 

suggest s CaptureBargain ,  th e learne d definitio n fo r  "ransom "  i s crucia l  i n understandin g thi s story . 

However ,  mos t  word s ar e no t  rol e label s lik e "kidnapper "  an d "ransom. "  Fo r  example ,  con -

side r  replacin g th e wor d "ran.som "  i n Stor y 1  wit h th e wor d "moolah. "  Sinc e th e wor d "moolah "  i s 

unknown .  G E N F S I S give s i t  a  definitio n identica l  t o th e on e i t  learne d fo r  "ransom. "  I n orde r  t o b e 

abl e t o recove r  fro m suc h mi.stakes ,  th e syste m monitor s th e .schemat a suggeste d b y newl y learne d 

words .  I f  a  ne w wor d subsequentl y suggest s a  .schem a whic h doe s no t  explai n an y futur e inputs , 

th e suggestio n i s removed .  Consequently ,  afte r  receivin g a  murder-for-inheritanc e stor y i n whic h 

th e wor d "moolah "  i s used ,  "moolah "  cease s t o sugges t  CaptureBargain . 
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I^arnin g Schem a Label s 

Learnin g meaning s fo r  verb s whic h refe r  t o entir e pla n schemat a i s a  mor e difficul t  tas k sinc e 

th e relevan t  contex t  i s  potentiall y  muc h broader .  A  sentenc e suc h a s "Joh n robbe d th e store "  m a y 

be use d t o introduc e a  lon g piec e o f  tex t  elaboratin g th e situation ,  t o succinctl y summari^j e a  previ -

ous piec e o f  text ,  o r  t o simpl y refe r  t o a  singl e actio n i n a n eve n large r  plan .  A  numbe r  o f  heuris -

tic s hav e bee n develope d whic h allo w a  reasonabl e gues s t o b e mad e regardin g th e referenc e o f  suc h 

unknow n verbs .  Th e followin g on e i s use d t o resolve *  th e meanin g o f  "kidnap "  a s use d i n Stor y 1 . 

i f  on e characte r  inform s anothe r  tha t  som e actio n occurre d an d a  schem a whos e acto r  i s  th e 

same a s thi s action' s wa s recentl y acquire d fro m th e narrative ,  an d thi s schem a als o ha s 

role s fille d b y th e speake r  an d an y direc t  an d indirec t  object s o f  th e action ,  the n assum e 

th e speake r  i s summarizin g th e even t  an d tha t  th e unknow n ac t  refer s t o th e ne w schema . 

Specifically ,  sinc e Fre d tell s hi s wif e tha t  "someon e kidnappe d Mary "  an d bot h hi m an d Mar y wer e 

participant s i n th e jus t  complete d CaptureBargai n schema ,  GENESI S assume s "kidnap "  refer s t o 

CaptureBargai n (i.e .  on e ca n summariz e th e schem a b y saying :  ?x9 7 kidnappe d ?b l  1) .  A n appropri -

at e definitio n i s the n create d fo r  "kidnap "  an d ca n b e use d t o hel p understan d Stor y 4 .  I n thi s nar -

rative ,  "Stev e kidnappe d Valerie "  i s interprete d a s describin g a n instanc e o f  CaptureBargai n i n 

whic h Stev e i s th e acto r  an d Valeri e i s th e victim .  Th e assertion s tha t  "Mik e i s Valerie' s father " 

and "Mik e pai d Stev e $30000 "  ar e the n understoo d a s part s o f  th e expansio n o f  thi s instanc e o f  Cap -

tureBargain .  Anothe r  heuristi c involve s th e mentionin g o f  a n unknow n actio n followe d b y a n ela -

boratio n whic h describe s a  nove l  schema . 

Conclusions 

Unlik e previou s approache s t o th e acquisitio n o f  wor d meanings ,  th e presen t  approac h doe s 

not  assum e prio r  knowledg e o f  th e underlyin g concepts .  Learnin g definition s fo r  ne w word s i s 

integrate d wit h a n explanation-base d concep t  learnin g mechanism .  Thi s allow s th e syste m t o lear n 

concept s an d wor d meaning s concurrently ,  whic h i s a  phenomeno n whic h ha s bee n observe d i n 

developmenta l  studies .  However ,  thi s pape r  report s onl y preliminar y wor k i n th e are a o f 

integrate d wor d learning .  Ther e ar e m a n y problem s whic h stil l  nee d t o b e addressed .  A  fe w o f 

thes e ar e liste d below . 

(1 )  Th e procedur e fo r  removin g .schem a suggestion s fro m ne w definition s i s lo o strict .  On e 

counter-exampl e shoul d no t  eliminat e a  suggestio n an d repeate d usefulnes s o f  a  suggestio n 

shoul d mak e i t  resistan t  t o elimination . 

(2 )  Morpholog y o f  unknow n word s shoul d b e considered .  A  "kidnapper "  i s clearl y th e acto r  o f  a 
"kidnapping. " 

(3 )  Mor e an d bette r  heuristic s ar e neede d fo r  determinin g whethe r  a  wor d migh t  b e a  schem a labe l 

and t o wha t  schem a i t  migh t  refer . 

(4 )  Onl y rul e label s an d schem a label s ar e considered .  M a n y word s d o no t  fal l  int o eithe r  o f  thes e 

tw o categories . 

(5 )  Onl y integratio n wit h explanation-base d learnin g i s considered .  Integratio n wit h similarity -

base d learnin g [Dietterich83 ]  shoul d als o b e examined . 

Nevertheless ,  th e curren t  wor k demonstrate s th e feasibilit y  an d usefulnes s o f  integratin g th e 

acquisitio n o f  wor d meaning s an d concepts .  Furthe r  researc h i s neede d i n bot h A I  an d psycholog y 

t o explor e th e potentia l  symbioti c relationshi p betwee n languag e an d concep t  acquisition . 
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