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Abstrac t 

This paper describes a lexical acquisition mechanism that was 
implemente d i n orde r  t o increas e th e robustnes s o f  a  Natura l 
Languag e Processin g system .  Althoug h th e mechanis m wa s 
not  intende d t o b e a  cognitiv e mode l  o f  children' s languag e 
acquisition ,  i t  demonstrate s man y similaritie s wit h psycholin -
guisti c findings .  I n particular ,  th e structur e o f  th e domai n 
knowledg e representatio n force s th e syste m t o tak e a  bipo -
la r  approac h t o learnin g noun s an d verbs .  Psycholinguisti c 
studie s demonstrat e differin g treatmen t  o f  noun s an d verb s b y 
childre n an d sugges t  a  structura l  basi s fo r  thi s difference .  Th e 
knowledge-leve l  similaritie s betwee n ou r  syste m an d huma n 
linguisti c knowledg e mak e i t  possibl e t o infe r  tha t  childre n 
must  adop t  a  simila r  strateg y t o effectivel y lear n wor d mean -
ings . 

Introduction 

We hav e develope d a n incrementa l  approac h t o learnin g 
wor d meaning s from  thei r  usag e i n exampl e sentences .  Thi s 
approac h ha s bee n develope d an d implemente d a s par t  o f 
th e L IN K Natura l  Languag e Processin g syste m (Lytine n & 
Robert s 1989) .  Th e learnin g system ,  calle d Camill e (Contex -
tua l  Acquisitio n Mechanis m fo r  Incrementa l  Lexem e Learn -
ing) ,  select s candidat e wor d meaning s from  a  collectio n o f 
frames,  store d i n a  concep t  hierarch y whic h i s par t  o f  LINK' s 
knowledg e base . 

The origina l  motivatio n fo r  buildin g Camill e wa s t o im -
prov e th e robustnes s o f  L INK .  Wit h th e additio n o f  th e learn -
in g mechanism ,  L I N K ca n proces s sentence s whic h contai n 
word s tha t  ar e no t  alread y define d i n th e system' s knowl -
edge base .  Althoug h thi s origina l  motivatio n di d no t  in -
clud e th e desir e t o develo p a  cognitiv e mode l  o f  huma n 
languag e acquisition ,  i t  ha s allowe d som e insigh t  int o th e 
proces s o f  huma n lexica l  acquisition. '  I n particular ,  th e struc -
tur e o f  LINK' S knowledg e base ,  alon g wit h th e natur e o f 
th e tas k o f  acquirin g ne w wor d meanings ,  force s Camill e 
t o tak e a  differen t  approac h fo r  learnin g noun s tha n fo r 
learnin g verbs .  Thi s dichotom y closel y parallel s psycholog -
ica l  finding s abou t  huma n acquisitio n o f  noun s an d verb s 
(Centne r  1978 ;  Goldin-Meadpw ,  Seligman ,  &  Gelma n 1976 ; 
Behren d 1990) .  Thus ,  Camill e suggest s a n explanatio n fo r 
th e difference s describe d i n th e psycholinguisti c literature . 

Unlik e othe r  acquisitio n system s (Zemi k 1987 ;  Grange r 
1977 ;  Salvete r  1979 ;  Selfridg e 1986) ,  an d i n accor d wit h psy -

'  Genera l  correspondence s o f  th e initia l  implementatio n o f  thi s 
syste m wit h psycholinguisti c findings  wer e describe d i n (Hastings , 
Lytinen ,  &  Lindsa y 1991) . 

cholinguisti c theorie s lik e Syntacti c Bootstrappin g (Gleitman 
1990 ;  Naigle s 1990) ,  Camill e take s ful l  advantag e o f  LINK' s 
grammatica l  knowledg e i n makin g it s inferences .  Th e acqui -
sitio n procedur e take s plac e durin g parsin g an d interact s wit h 
th e syntacti c decision s mad e b y th e parser . 

Thi s pape r  describe s th e natur e o f  th e knowledg e tha t 
Camill e use s t o mak e it s inferences ,  th e basi c process, ^  an d 
th e cortespondence s t o developmenta l  psycholinguistics .  Th e 
las t  sectio n contain s a n analysi s o f  th e type s o f  inference s tha t 
ar e affecte d b y th e structur e o f  th e knowledg e representation . 

The nature of the knowledge 

LINK' S knowledg e representatio n consist s o f  a n inheritanc e 
hierarch y o f  domain-independen t  an d domain-specifi c  con -
cepts ,  o r  frames.  Figur e 1  show s som e o f  LINK' s domain -
specifi c  objec t  concept s whic h wer e use d durin g ou r  partici -
patio n i n ARPA' s Thir d an d Fourt h Messag e Understandin g 
Competitions ,  o r  M U C - 3 an d 4  (Sundhei m 1992 )  (th e shadin g 
wil l  b e explaine d later) .  Th e M U C tas k involve d th e extrac -
tio n o f  informatio n from  newspape r  article s whic h describe d 
terroris t  activitie s i n Lati n America ;  thus ,  th e frame s encod e 
knowledg e abou t  th e domai n o f  terrorism . 

The content s o f  th e knowledg e bas e ar e determine d b y th e 
requirement s o f  th e domai n an d b y th e nee d t o cove r  th e 
inpu t  language .  Th e structur e i s determine d b y th e relativ e 
specificit y o f  th e individua l  frames.  Th e mos t  genera l  frame s 
ar e locate d nea r  th e roo t  o f  th e hierarch y an d specifi c  one s ar e 
locate d a t  th e leaves . 

Figur e 2  show s som e o f  th e action s fro m th e terroris m do -
main .  Actio n concept s provid e th e relationa l  structur e tha t 
bind s togethe r  th e representatio n o f  th e meanin g o f  sentences . 
Thes e concept s als o constrai n th e type s o f  argument s tha t 
ca n b e attache d a s thei r  slot-filler s (th e constraint s ar e als o 
show n i n figure  2) .  Th e Detonat e node ,  fo r  example ,  ha s 
th e constrain t  tha t  it s  semanti c objec t  mus t  b e a  descendan t 
of  B o m b (o r  th e nod e B o m b itself) .  Detonat e inherit s a n 
additiona l  constrain t  from  it s paren t  Nasty-Action .  Thi s con -
strain t  specifie s tha t  th e acto r  mus t  b e a  H u m a n . 

Th e node s i n LINK' s concep t  hierarch y serv e a s it s basi c 
unit s o f  meaning .  Fo r  Camille ,  then ,  learnin g th e meanin g o f 
an unknow n wor d reduce s t o finding  th e appropriat e nod e i n 
th e hierarch y whic h bes t  represent s th e word' s meanin g — a 
grap h searc h problem .  T o driv e th e search ,  th e semanti c con -
straints ,  whic h ar e normall y use d t o limi t  attachmen t  o f  slot -
fillers  t o th e hea d verb ,  interac t  wit h th e "evidence "  provide d 

^The actual process that Camille uses is described more fully in 
(Hasting s 1994) . 
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Figur e 1 :  Th e prune d objec t  tre e 

by exampl e sentences .  Bu t  th e interactio n work s i n differen t 
ways fo r  differen t  classe s o f  words .  Noun s (a s th e head s o f 
nou n phrases )  normall y serv e a s th e slot-filler s o f  sentence s 
and thus ,  a s th e item s whic h ar e constrained .  Fo r  example , 
i n th e sentenc e "Terrorist s destroye d a  flarge, "  th e wor d "de -
stroy "  refer s t o th e concep t  Destro y whic h ha s th e constrain t 
[Objec t  =  Phys-Targ] .  W h e n "flarge "  i s attache d a s th e Ob -
jec t  o f  th e verb ,  th e constrain t  place s a n uppe r  boun d o n it s 
interpretatio n a s depicte d i n figure  1 .  Th e shaded-ou t  node s 
canno t  b e a  vali d interpretatio n o f  th e meanin g o f  "flarge" . 

For  unknow n verbs ,  however ,  th e situatio n i s quit e differ -
ent .  Becaus e the y usuall y m a p t o th e action s i n th e domain ,  th e 
verb s appl y th e constraints .  Thus ,  th e constraint s plac e a  lowe r 
boun d o n th e interpretatio n o f  unknow n verbs .  Th e shade d 
area s o f  figur e 2  sho w th e concept s tha t  ar e rule d ou t  fo r  a n 
exampl e sentenc e lik e 'Terrorist s frooble d th e headquarters. " 
Possibl e meaning s o f  "frooble "  whic h ar e consisten t  wit h thi s 
sentenc e includ e an y actio n whic h allow s "headquarters "  a s 
it s semanti c object ;  thus ,  action s wit h constraint s tha t  ar e spe -
cifi c  enoug h t o exclud e "headquarters "  ar e no t  candidate s fo r 
th e meanin g o f  "frooble. " 

Sinc e inpu t  t o Camill e come s fro m th e result s o f  LINK' S 
parse s o f  exampl e sentence s fro m th e domain ,  Camill e doe s 
not  receiv e negativ e example s a s par t  o f  th e learnin g process . 
Becaus e o f  this ,  th e learnin g proble m i s underconstraine d fo r 
bot h noun s an d verbs ,  i n opposit e ways .  Exampl e sentence s 
provid e a n uppe r  boun d i n th e concep t  hierarch y o n candidat e 
hypothese s fo r  nouns ,  bu t  n o lowe r  bound ,  whil e th e revers e 
i s tru e fo r  verbs .  Becaus e o f  thi s dichotomy ,  Camill e mus t 
hav e differen t  strategie s fo r  learnin g verb s an d learnin g nouns . 
The y ca n b e state d mos t  succinctl y a s follows : 

• For nouns, choose the most general hypothesis which is 
consisten t  wit h th e exampl e sentence(s ) 

•  Fo r  verbs ,  choos e th e mos t  specifi c  hypothesi s whic h i s 
consisten t  wit h th e example(s ) 

I n essence ,  becaus e evidenc e onl y provide s on e kin d o f 
constrain t  ( a lowe r  o r  uppe r  bound )  fo r  bot h noun s an d verbs , 
Camill e mus t  for m hypothese s fo r  th e meaning s o f  unknow n 
word s whic h ca n b e falsifie d b y futur e examples .  Thi s mean s 
choosin g th e hypothese s whic h ar e closes t  t o th e boun d pro -
vide d b y th e evidence .  Mor e abstractly ,  the n Camille' s learn -
in g strateg y coul d b e state d as ,  "Alway s choos e th e concept(s ) 
closes t  t o th e boundary. "  I f  thi s strateg y wer e no t  pursued , 
futur e evidenc e woul d no t  allo w Camill e t o furthe r  refin e it s 
hypotheses ,  thu s resultin g i n overl y genera l  ver b definition s 
and overl y specifi c  nou n definitions . 

I t  i s  importan t  t o not e tha t  th e differenc e i n informatio n 
provide d b y exampl e sentence s fo r  unknow n noun s an d verb s 
i s i s no t  jus t  a n artifac t  o f  LINK' S knowledg e representatio n 
structure .  I t  i s  du e t o a  fundamenta l  principl e o f  language . 
Becaus e action s serv e a s th e relationa l  element s o f  sentenc e 
structure ,  the y ar e th e onl y logica l  plac e fo r  th e constraint s 
t o reside ;  thu s contextua l  informatio n abou t  th e meanin g o f  a 
ver b i s intrinsicall y differen t  fro m th e informatio n provide d 
by contex t  fo r  unknow n nouns .  Thi s differenc e i s prescribe d 
by th e natur e o f  th e knowledg e an d i t  i s  consonan t  wit h psy -
cholinguisti c theorie s whic h wil l  b e describe d below .  Withou t 
thi s two-par t  strategy ,  Camill e coul d neve r  lear n thos e con -
cept s closes t  t o th e edg e becaus e additiona l  example s coul d 
neve r  disconfir m th e initia l  hypotheses .  Th e nex t  sectio n 
briefl y describe s Camille' s inferenc e procedure . 

Camille's inference procedure 

As mentioned above, Camille takes a different approach to 
leamin g noun s tha n t o learnin g verbs ,  bu t  bot h star t  th e sam e 
way.  W h e n Camill e doe s no t  kno w th e definitio n o f  a  word , 
i t  enter s a  generi c definitio n int o th e pars e fo r  variou s part s 
of  speech .  Th e combinatio n o f  morphologica l  an d syntacti c 
constraint s i s almos t  alway s sufficien t  t o determin e th e correc t 
lexica l  categor y fo r  a n unknow n word .  Th e res t  o f  thi s sectio n 
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contrast s th e learnin g o f  nou n meaning s an d th e learnin g o f 
ver b meanings . 

Learning noun meanings 

The proces s fo r  learnin g noun s i s  fairl y  straightforward . 
W h en th e nou n i s  attache d a s a n argumen t  o f  a  verb ,  an y 
semanti c constraint s fro m tha t  ver b ar e applie d t o th e noun . 
As mentione d above ,  thi s provide s a  singl e concep t  whic h i s 
th e roo t  o f  a  subtre e tha t  contain s th e vali d interpretation s fo r 
th e word' s meaning .  Becaus e th e syste m want s t o infe r  th e 
most  genera l  nou n meanings ,  thi s uppe r  boun d nod e i s take n 
as th e hypothesi s fo r  th e word' s meaning .  Furthe r  example s 
can furthe r  specif y th e meaning . 

As previousl y mentioned ,  give n th e sentence ,  "Terrorist s 
destroye d a  flarge,"  Camill e ca n logicall y deduc e tha t  "flarge " 
must  refe r  t o som e typ e o f  Phys-Targ .  I n practice ,  Camill e 
infer s tha t  "flarge "  mean s exactl y th e concep t  Phys-Targ . 
Wit h a  late r  sentenc e like ,  "Mar y hijacke d th e flarge,"  Camill e 
can furthe r  refin e th e hypothesis ,  inferrin g tha t  "flarge "  refer s 
t o Transport-Vehicle . 

Learning verb meanings 

For  verbs ,  th e proces s work s th e othe r  wa y around .  I t  i s 
more difficult ,  however ,  becaus e th e syste m mus t  searc h th e 
actio n hierarch y fo r  a  nod e wit h appropriat e constraint s fo r 
th e curren t  slo t  fillers.  Thi s define s a  lowe r  boun d o n th e se t 
of  possibl e meaning s a s describe d above .  Unfortunately ,  th e 
tre e suuctur e produce s man y concept s alon g th e lowe r  boun d 
( 8 node s i n figure  2) .  Camill e rank s thes e hypothese s b y com -
putin g th e distanc e betwee n thei r  constraint s an d th e actua l 

slo t  filler  i n th e exampl e sentence .  Camill e keep s onl y th e 
tightes t  fits,  i.e .  th e concept s whos e constraint s mos t  closel y 
matc h th e example .  Thes e concept s ar e th e mos t  specifi c  vali d 
hypothese s an d th e mos t  falsifiabl e ones .  Camille' s learnin g 
metho d i s  incremental ,  s o late r  example s o f  th e word' s us e 
ca n eithe r  confir m th e origina l  hypothesis ,  o r  conflic t  wit h 
tha t  hypothesis ,  triggerin g furthe r  search . 

As a n exampl e o f  Camille' s ver b acquisitio n procedure , 
conside r  th e sentenc e give n above ,  "Terrorist s frooble d th e 
headquarters. "  W h e n L I N K attache s "headquarters" ,  whic h 
i s represente d b y th e Buildin g concept ,  a s th e semanti c objec t 
of  th e ver b "frooble" ,  th e searc h fo r  a  meanin g fo r  "firooble " 
begins .  A s previousl y mentioned ,  th e syste m ca n deductivel y 
rul e ou t  thos e concept s tha t  wer e shade d ou t  i n figure  2 .  I n or -
der  t o induce  a  specific ,  falsifiabl e hypothesis ,  Camill e prefer s 
th e concep t  Arso n becaus e it s constrain t  tha t  th e objec t  i s a 
Buildin g mos t  closel y matche s th e evidence. '  Th e attach -
ment  o f  "Terrorists "  a s th e acto r  o f  th e ver b i s consisten t  wit h 
thi s hypothesis ,  s o i t  i s  store d a s th e tentativ e definitio n fo r 
"fi-ooble" . 

Give n a n additiona l  exampl e o f  th e word' s us e like ,  "Jo e 
frooble d a  pedestrian, "  Camill e realize s tha t  i t  ha s m a d e a n 
inappropriat e gues s becaus e Arson' s objec t  constrain t  i s vi -
olate d b y "pedestrian" .  Camill e i s  incremental ,  s o i t  take s 
th e previou s hypothesi s a s th e startin g poin t  o f  th e searc h 
fo r  a  bette r  guess .  Th e syste m climb s th e tre e (becaus e an y 

'Becaus e th e objec t  constrain t  fo r  Arso n i s als o th e nod e Build -
ing ,  th e distanc e betwee n th e constrain t  an d th e filler  i s  0 .  Th e objec t 
constrain t  fo r  th e Destro y node ,  o n th e othe r  hand ,  i s Phys-Tar g 
whic h ha s a  distanc e o f  1  fro m Building . 
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mor e specifi c  concep t  woul d als o necessaril y  hav e constraint s 
tha t  wer e violated )  an d the n trie s t o find  anothe r  specifi c  hy -
pothesi s tha t  ca n tak e bot h a  Civilia n an d a  Buildin g a s it s 
object .  Th e nod e Robber y wit h it s  inherite d objec t  constrain t 
Human-or -P lac e satisfie s th e searc h condition s an d become s 
th e ne w hypothesi s fo r  th e meanin g o f  "frooble" . 

Empirical testing 

Th e syste m wa s empiricall y evaluate d o n a  se t  o f  5 0 sen -
tence s chose n randoml y fro m th e M U C terroris m corpus. * 
Th e tes t  sentence s wer e quit e lon g an d complex ,  wit h a n av -
erag e lengt h o f  2 3 words ,  fo r  example : 

Lope z Albujar .  w h o lef t  hi s pos t  a t  th e Ministr y i n M a y 
1989 ,  wa s riddle d wit h bullet s a s h e wa s gettin g ou t  o f 
hi s ca r  i n th e L im a residentia l  distric t  o f  Sa n Isidro . 

T o tes t  Camille' s learnin g algorithm ,  th e definition s o f  al l 
th e verbs '  i n thi s se t  wer e remove d fro m th e lexicon .  The n 
eac h o f  th e sentence s wa s processe d b y th e system ,  an d th e 
learne d definition s o f  thes e verb s wer e compare d t o th e orig -
ina l  definitions .  Despit e th e complexit y o f  th e sentence s an d 
th e lo w numbe r  o f  repetition s o f  eac h ver b (averag e 2. 7 occur -
rences) ,  th e syste m wa s abl e t o infe r  th e appropriat e meaning s 
fo r  8  o f  th e 1 5 verbs ,  o r  5 3 % . ^ 

Psychological connections 

W h en psychologist s first  starte d studyin g th e type s o f  word s 
tha t  childre n acquire d first,  a  strikin g observatio n wa s made . 
Childre n lear n noun s wel l  befor e an d a t  a  faste r  rat e tha n the y 
lear n verbs .  Thi s prompte d severa l  studie s o f  th e difference s 
i n acquisitio n betwee n th e variou s type s o f  word s an d theorie s 
abou t  wha t  cause s thos e differences .  Thes e studie s sugges t 
tha t  difference s i n th e knowledg e representatio n fo r  noun s 
an d verb s forc e childre n t o us e differen t  mechanism s t o lear n 
them . 

Centne r  (1978 ,  pp .  988-989 )  cite s severa l  studie s tha t  de -
scrib e difference s i n acquisitio n betwee n noun s an d verbs . 
S o me o f  thes e studie s showe d tha t  youn g children' s initia l 
vocabular y consist s entirel y o f  noun s wit h verb s slowl y mak -
in g thei r  wa y in .  Other s showe d tha t  th e first  verb s too k 
almos t  twic e a s lon g t o appea r  a s th e first  nouns .  A  stud y 
of  comprehensio n an d productio n b y Goldin-Meadow ,  Selig -
m a n,  an d Ge lma n (1976 )  showe d tw o stage s o f  earl y lexica l 
development .  I n bot h stages ,  man y mor e noun s tha n verb s 
wer e comprehended .  Onl y a  portio n o f  th e comprehende d 
verb s wer e produce d i n th e secon d stage ,  an d non e wer e pro-
duce d i n th e first.  Finally ,  Centne r  describe d a n additiona l 
stud y tha t  demonstrate d tha t  th e difference s i n acquisitio n ar e 
not  jus t  attributabl e t o difference s i n th e frequenc y o f  verb s 

"Th e tes t  se t  wa s kep t  relativel y smal l  t o simulat e a  sparse-inpu t 
learnin g task .  Th e assumptio n i s tha t  mos t  o f  th e lexica l  definition s 
hav e bee n entere d a s par t  o f  th e knowledg e engineerin g o f  th e system . 
Words tha t  wer e overlooke d i n thi s proces s ar e no t  likel y t o b e 
encountere d frequentl y b y th e system ,  s o th e testin g se t  contain s a 
smal l  numbe r  o f  example s o f  eac h word . 

^Th e empirica l  testin g focuse d o n leamin g ver b meaning s be -
caus e the y wer e mor e difficul t  t o acquire . 

*Th e syste m wa s als o teste d i n anothe r  domai n i n whic h th e 
sentence s wer e ver y simpl e (averag e length :  4) .  Becaus e th e parse r 
produce d man y mor e correc t  parses ,  th e syste m score d muc h better , 
71%. 

versu s noun s tha t  th e chil d hears .  Eve n whe n presente d wit h 
made-u p noun s an d verbs ,  an d whe n balancin g th e presenta -
tio n o f  thes e ne w words ,  childre n first  use d verb s a n averag e 
of  8  month s afte r  startin g t o us e nouns. ' 

I n a  slightl y differen t  vein ,  Behren d conducte d in-dept h 
studie s o f  differen t  type s o f  verb s t o compar e children' s com -
prehensio n an d productio n a m o n g thes e variou s verb s (1990) . 
Th e type s o f  verb s tha t  h e studie d wer e thos e tha t  describe d 
action s (e.g .  "squeeze" ,  "pound") ,  result s ("flatten" ,  "break") , 
and instrument s ("hammer") .  H e foun d tha t  whe n labellin g 
action s ("Wha t  i s th e perso n doing?") ,  childre n ar e mor e likel y 
t o us e a n instrumen t  ver b tha n a n actio n verb .  Thi s seem s 
strang e fo r  tw o reasons .  First ,  becaus e childre n us e rela -
tivel y littl e evidenc e an d quickl y infe r  mapping s fro m word s 
t o meanings ,  the y shoul d mak e th e bes t  possibl e gues s abou t 
th e meanin g o f  th e wor d give n wha t  the y know .  Al l  othe r 
thing s bein g equal ,  thi s shoul d correspon d t o th e typ e o f  ver b 
tha t  occur s mos t  frequentl y i n th e language .  Bu t  instrumen t 
verb s ar e fa r  les s frequen t  tha n actio n verb s are .  Second ,  in -
strumen t  verb s carr y mor e informatio n tha n actio n verb s an d 
ar e therefor e mor e specific .  Thu s th e childre n i n th e exper -
iment s wer e labelin g th e event s wit h th e mos t  specifi c  labe l 
possible .  Thi s contradict s th e result s foun d i n acquisitio n o f 
nouns ,  whic h demonstrat e tha t  "specifi c  subordinat e term s ar e 
use d m u c h les s frequentl y tha n basic-leve l  term s a s label s fo r 
familia r  objects. "  (Behren d 1990 ,  p .  694) . 

Thes e result s poin t  t o a  fundamenta l  differenc e betwee n 
children' s acquisitio n o f  noun s an d verbs ,  on e tha t  ca n b e 
most  readil y explaine d b y difference s i n th e underlyin g men -
ta l  representatio n o f  th e differen t  concepts .  Centne r  call s th e 
basi s fo r  thi s differenc e th e "referentia l  /  relational "  distinc -
tion .  Noun s normall y refe r  t o object s o r  "thinglik e elements. " 
Object s ten d t o b e highl y constraine d b y th e physica l  world . 
Hence ,  simila r  object s shar e almos t  al l  th e sam e attributes .  O n 
th e othe r  hand ,  verb s ten d t o expres s relationship s betwee n ob -
ject s o r  change s i n thos e relationships .  Relationship s ar e mor e 
abstrac t  an d mor e difficul t  t o describ e wit h a  se t  o f  attributes . 
The representatio n tha t  Centne r  espouse s t o represen t  thes e 
varyin g concept s i s a  semanti c net ,  i n whic h meaning s ar e 
buil t  u p compositionall y b y referrin g t o mor e basi c element s 
of  meaning . 

Centner' s representatio n focuse s o n th e representatio n o f 
singl e node s o f  meaning .  Behren d support s Huttenloche r  an d 
Lui' s proposa l  (1979 )  tha t  thes e difference s i n behavio r  ar e 
cause d b y th e overal l  structur e o f  th e representation .  The y 
sugges t  tha t  object s ar e organize d i n a  structure d hierarch y s o 
tha t  nearb y element s shar e m a n y o f  th e sam e features .  Th e re -
lationa l  element s tha t  ar e expresse d b y verb s ar e represente d 
i n a  matri x structur e wit h node s connectin g acros s th e var -
iou s objec t  hierarchies .  Craesser ,  Hopkinson ,  an d Schmi d 
(Craesser ,  Hopkinson ,  &  Schmi d 1987 )  hav e recentl y don e 

^These results are tempered somewhat by recent suggestions that 
th e findings  ma y b e specifi c  t o th e Englis h language .  Gopni k an d 
Choi  (1990) ,  i n a  stud y o f  th e correlatio n betwee n linguisti c an d cog -
nitiv e development ,  cit e studie s tha t  Korean -  an d Japanese-speakin g 
childre n sho w a  highe r  us e o f  verb s durin g th e one-wor d stag e 
tha n English-speakin g childre n do .  The y attribut e thi s differenc e 
i n behavio r  t o structura l  difference s i n th e languages .  Fernal d an d 
Morikaw a (1993 )  foun d evidenc e tha t  matema l  speec h t o th e childre n 
was responsibl e fo r  th e increase d us e o f  verb s b y Japanese-speakin g 
children . 
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experimenta l  testin g t o suppor t  thi s hypothesis .  Th e subject s 
wer e aske d t o sor t  set s o f  word s b y similarity .  Th e findings 
suggeste d tha t  peopl e ten d t o sor t  noun s hierarchicall y whil e 
verb s wer e les s structure d an d mor e "cross-classified. "  Th e 
cross-classificatio n o f  Camille' s concept s i s discusse d i n th e 
nex t  section . 

Camille's implications for learning 

The first  importan t  poin t  t o mak e i s tha t  Camille' s knowl -
edg e representatio n i s no t  jus t  a n artifac t  o f  th e particula r 
system .  Th e IS- A inheritanc e hierarch y i s use d widel y i n 
Artificia l  Intelligence ,  an d fo r  goo d reason .  Th e structur e fa -
cilitate s generalization ,  a n abilit y  tha t  i s  ke y t o learnin g an d 
reasoning .  I t  als o provide s efficien t  storag e o f  information . 
Furthermore ,  variou s psychologica l  studie s suppor t  th e exis -
tenc e o f  hierarchica l  structure s i n th e brai n ((Kaplan ,  Weaver , 
& Frenc h 1990 )  an d (Kei l  1991) ,  fo r  example) . 

The us e o f  a  hierarch y t o represen t  object s als o seem s intu -
itivel y correct .  Fo r  representin g action s an d relations ,  th e util -
it y  o f  thi s structur e i s no t  s o obvious .  A s previousl y pointe d 
out ,  althoug h som e psycholinguisti c researcher s hav e postu -
late d a  hierarchica l  schem e fo r  thei r  representation ,  recentl y 
th e focu s ha s turne d t o mor e "matrix-like "  schemes .  Bu t  th e 
latte r  approac h seem s t o conflic t  wit h th e observatio n abou t 
th e natur e o f  constraint s provide d b y th e inpu t  an d whethe r 
an uppe r  boun d o r  lowe r  boun d i s create d o n th e se t  o f  possi -
bl e meaning s fo r  a n unknow n word .  I t  i s jus t  no t  clea r  wha t 
"lowe r  bound "  woul d mea n i n a  matrix-typ e organization . 

J Explosive I 

Anythin g 

Instr-Ob j  f ^ 

Human-or -
Plac e 

I  Human 

' y Instrumen t 
Attac k 

.'Objec t  / 

Actio n Shoot 
Acto r 

Explod e I 

Figur e 3 :  Matrix-lik e organizatio n o f  actio n concept s 

On close inspection, it appears that Camille's representation 
has th e bes t  o f  bot h worlds .  I f  th e slot-fille r  constraint s ar e 
displaye d graphicall y (se e figure  3  wher e th e soli d line s repre -
sen t  path s i n th e IS- A hierarch y an d th e dashe d line s represen t 
constraint s o n th e actions) ,  i t  i s  apparen t  tha t  th e connection s 
d o (a s Huttenloche r  an d Lu i  pu t  it )  cu t  acros s th e variou s part s 
of  th e hierarchy .  Thi s lead s t o th e question ,  " D o e s i t  m a k e 
sens e t o hav e th e additiona l  structur e impose d b y enforcin g 
a hierarchica l  structur e o n actions? "  T h e answe r  appear s t o 
be yes ,  fo r  th e s a m e reason s give n fo r  objec t  representatio n 
above .  T h e hierarch y ha s representationa l  strengt h — i t  al -
low s fo r  efficien t  storag e o f  th e attribute s an d constraint s o f 

actions . 
T h e questio n tha t  remain s the n is ,  " W h a t  doe s thi s impl y 

abou t  h u m a n concep t  organizatio n an d th e learnin g process? " 
Fo r  on e thing ,  i t  lend s suppor t  t o th e ide a tha t  ther e ca n b e m u l -
tipl e organizatio n structure s withi n th e brain .  Ther e ar e clea r 
advantage s t o havin g bot h type s o f  concep t  representation .  I n 
addition ,  i t  suggest s tha t  learnin g coul d procee d i n o n e o f  t w o 
ways .  I f  a  chil d realize s tha t  he r  ide a o f  wha t  a  wo r d m e a n s i s 
wrong ,  sh e shoul d loo k fo r  concept s tha t  ar e closel y relate d i n 
th e hierarchy .  I f  th e child' s hypothesize d constraint s fo r  th e 
wo r d ar e wrong ,  sh e shoul d chang e thos e constraint s base d 
o n th e structur e o f  th e hierarch y tha t  i s  selecte d b y th e matri x 
links . 

Conclusion 

The structure of the concept knowledge that is used for infer-
ring  wor d meanin g fro m contex t  place s constraint s o n h o w th e 
learnin g proces s ca n proceed .  S o m e for m o f  thes e constraint s 
shoul d als o appl y t o huma n lexica l  acquisition .  Th e behavio r 
of  th e compute r  mode l  ca n therefor e sugges t  explanation s fo r 
psycholinguisti c findings  abou t  differin g treatmen t  o f  noun s 
and verbs .  I t  ca n als o sugges t  othe r  avenue s o f  exploratio n t o 
allo w u s t o find  ou t  mor e abou t  h o w childre n lear n language . 

Althoug h Camill e shed s som e ligh t  o n th e differenc e i n na -
tur e o f  learnin g noun s an d verbs ,  i n severa l  way s th e mode l  i s 
overl y simpl e whe n compare d t o huma n lexica l  acquisition . 
First ,  th e learnin g strateg y a s describe d her e assume s tha t  a n 
unknow n wor d ha s onl y on e meaning .  W e hav e don e prelimi -
nar y wor k o n extendin g th e learnin g algorith m fo r  ambiguou s 
words .  A s describe d i n (Hasting s &  Lytine n i n press) ,  th e 
acquisitio n o f  ambigou s word s als o ha s implication s fo r  th e 
differin g treatmen t  o f  noun s an d verbs .  I f  th e two-par t  strateg y 
describe d her e i s no t  followed ,  th e syste m canno t  determin e 
whic h word s shoul d hav e multipl e definitions . 

Second ,  th e Camill e mode l  assume s th e pre-existenc e o f 
concept s whic h correspon d t o th e meaning s o f  ne w words . 
This  i s a n overl y simplisti c assumption .  I t  m a y b e tha t  learn -
in g a  ne w wor d sometime s require s th e additio n o f  a  ne w 
nod e i n th e concep t  hierarch y a s well .  Anothe r  extensio n o f 
Camill e (Hasting s 1994 )  addresse s concep t  acquisitio n withi n 
th e contex t  o f  a  lexica l  acquisitio n system .  I n accordanc e wit h 
th e result s describe d herein ,  objec t  concept s wer e foun d t o b e 
much easie r  t o lear n tha n actio n concepts . 

Anothe r  limitatio n o f  th e Camill e syste m wa s brough t  t o 
ligh t  b y testin g o n large r  dat a sets .  Give n mor e example s o f  th e 
unknow n words ,  th e incrementa l  syste m woul d b e expecte d t o 
increas e th e qualit y  o f  it s  inferences .  Instea d th e percentageo f 
correc t  inference s decreased .  Thi s wa s du e primaril y t o nois e 
create d b y incorrec t  partia l  parses .  A s previousl y mentioned , 
th e sentence s i n th e terroris m domai n wer e quit e complex , 
and ofte n th e L I N K parse r  coul d onl y retur n a  partia l  pars e 
tree .  I f  th e fragment s include d incorrec t  rol e assignment s 
(e.g .  ".. .  Michiga n frooble d ... "  instea d o f  ".. .  terrorist s 
ft-om  Michiga n froobled...") ,  Camill e misinterprete d thi s a s 
justificatio n fo r  changin g it s previou s hypothesis .  Thus ,  th e 
parse r  ha s a  stron g effec t  o n th e lexica l  acquisitio n proces s 
whic h mus t  b e furthe r  studied . 

Eve n wit h thes e additiona l  considerations ,  however ,  th e 
essentia l  difference s betwee n th e task s o f  learnin g noun s an d 
verb s stil l  remai n i n ou r  model ,  an d ar e intrinsi c t o th e lexica l 
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acquisitio n task .  Thi s i s du e t o th e difference s i n usag e o f 
noun s an d verbs .  Thus ,  i t  seem s inevitabl e tha t  a  compute r 
system ,  o r  a  huma n learning ,  mus t  adop t  differen t  strategie s 
when learnin g thes e tw o type s o f  words . 
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