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Abstrac t 

This paper describes a cross-disciplinary extension of previ-
ous wor k o n infeirin g th e meaning s o f  unknow n verb s fro m 
context .  I n earlie r  work ,  a  computationa l  mode l  wa s devel -
oped t o incrementall y infe r  meaning s whil e processin g text s i n 
an informatio n extractio n tas k setting .  I n orde r  t o explor e th e 
spac e o f  possibl e predictor s tha t  th e syste m coul d us e t o infe r 
ver b meanmgs ,  w e performe d a  statistica l  analysi s o f  th e cor -
pus tha t  ha d bee n use d t o tes t  th e computationa l  system .  Ther e 
wer e variou s syntacti c an d semanti c feature s o f  th e verb s tha t 
wer e significantl y diagnosti c  i n detemiinin g ver b meaning .  W e 
als o evaluate d huma n performanc e a t  inferrin g th e ver b i n th e 
same se t  o f  sentences .  Th e overal l  numbe r  o f  correc t  predic -
tion s fo r  human s wa s quit e simila r  t o tha t  o f  th e computationa l 
system ,  bu t  human s ha d highe r  precisio n scores .  Th e pape r 
conclude s wit h a  discussio n o f  th e implication s o f  thes e statis -
tica l  an d experimenta l  finding s fo r  futur e computationa l  work . 

In t roduc t io n 

Verb s pla y a  critica l  rol e i n huma n languages .  The y constrai n 

and interrelat e th e entitie s mentione d i n sentences .  I t  i s there -

for e importan t  t o understan d th e processe s b y whic h w e ac -

quir e ver b meanings .  Thi s pape r  examine s ver b acquisitio n 

fro m thre e directions :  (I )  a  computationa l  syste m whic h ac -

quire s ver b meanin g fro m th e linguisti c contex t  o f  real-worl d 

texts ,  (2 )  a  statistica l  analysi s o f  th e predictivenes s o f  variou s 

feature s o f  th e contex t  t o th e verb ,  an d (3 )  tw o experiment s 

on adult s t o determin e thei r  abilit y  t o infe r  missin g verb s fro m 

context . 

Grange r  (1977 )  conducte d som e o f  th e earlies t  compua -

tiona l  wor k o n ver b acquisitio n fro m context ,  an d Salvete r 

(1979 .  1980 )  followe d clos e thereafter .  However ,  neithe r  o f 

thes e system s wa s teste d o n real-worl d domains .  Zernik' s 

thesi s wor k (1987 )  concentrate d o n ver b learning ,  bu t  mainl y 

on verb-particl e combination s an d no t  o n real-worl d texts . 

Likewise ,  Siskind' s wor k (1994 .  1996 )  examine d ver b learn -

in g wit h syntheti c corpor a tha t  include d sentence s an d repre -

sentation s o f  thei r  meanings . 

Cardie' s MayTa g syste m (1993 )  use d a  case-base d ap -

proac h an d statistica l  method s fo r  determinin g relevanc e o f 

cases ,  bu t  di d no t  lear n ver b meanings .  Rilof f  (1993 )  ha s re -

centl y introduce d a  computationa l  mechanis m tha t  simulate s 

a coarse-graine d lexica l  acquisitio n fro m context .  Th e Au -

toslo g syste m operate s i n a n informatio n extractio n tas k b y 

comparin g complete d templat e form s wit h th e sentence s tha t 

th e tex t  wa s take n from .  Autoslo g select s jus t  th e ke y piece s 

of  text ,  perform s a  simpl e analysi s o n th e surroundin g struc -

ture ,  an d the n propose s template-lik e definition s whic h ar e 

late r  filtere d b y a  human ,  fo r  example : 

If a Subject is followed by a passive fonn of "kidnap", 

put  th e Sub jec t  int o th e Vict i m slo t  o f  a  K idnapp in g 

template . 

One of the important trends has been statistical analyses 

of  corpora .  Almos t  al l  o f  it ,  however ,  ha s focuse d o n word -

sens e discriminatio n o r  lexica l  categor y trainin g (Brill ,  1993 , 

fo r  example) .  Resni k (1993 )  explore d statistica l  method s o f 

definin g relationship s betwee n words ,  bu t  onl y briefl y men -

tione d it s implication s fo r  ver b acquisition . 

Developmenta l  psycholinguist s hav e know n fo r  a  lon g tim e 

tha t  ther e ar e substantia l  difference s betwee n th e learnin g o f 

verb s an d noun s (Centner ,  1978) .  Researcher s (Shatz ,  1987 ; 

Landa u &  Gleitman ,  1985 ;  Gleitman ,  1990 )  hav e examine d 

ho w children ,  a s the y develo p increasin g knowledg e o f  th e 

syntacti c structur e o f  a  language ,  us e tha t  informatio n t o con -

strai n thei r  idea s o f  wha t  unknow n verb s ca n mean .  Th e re -

cen t  wor k b y Gleitma n (Gleitma n &  Gillette ,  1994 ;  Gleitma n 

& Gleitman ,  1997 )  i s quit e simila r  t o th e huma n test s reporte d 

i n thi s study .  He r  empirica l  wor k examine s th e contributio n 

of  th e observationa l  contex t  i n additio n t o th e lexica l  contri -

butio n (a s reporte d here) . 

Camille: A Model of Verb Acquisition 

Camill e (th e Contextua l  Acquisitio n Mechanis m fo r  Incre -

menta l  Lexem e LEarning )  (Hastings ,  1994 ,  1995 ,  1996) ,  wa s 

develope d a s a n extensio n o f  Lytinen' s natura l  languag e un -

derstandin g syste m calle d Lin k (Lytine n &  Roberts ,  1989) . 

W h en th e parse r  come s acros s a  wor d tha t  i t  doe s no t  know , 

Camill e infer s whateve r  i t  ca n abou t  th e meanin g o f  th e un -

know n word .  Unknow n noun s ar e handle d quit e naturall y b y 

a unification-base d parse r  becaus e th e semanti c constraint s o n 

slot-filler s provide d b y th e verb s giv e relativel y usefu l  limita -

tion s o n wha t  thos e noun s coul d mean .  Fo r  example, '  i f  th e 

syste m processe d th e sentence ,  "Mar y hijacke d th e limou -

sine, "  an d i t  didn' t  kno w wha t  "limousine "  meant ,  i t  coul d 

'Al l  ou r  example s wil l  com e fro m th e domai n o f  ARPA' s M U C4 
evaluatio n (Sundheim .  1992 )  whic h consist s o f  newspape r  article s 
describin g terroris t  activity . 
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conclud e tha t  i t  i s  som e lyp e o l  vehicl e becaus e o f  th e con -

straint s o n wha t  ca n b e hijacked .  Bu t  precisel y becaus e th e 

constraint s ar e associate d wit h th e verbs ,  learnin g unknow n 

verb s i s m u c h mor e difficult .  Ver b acquisitio n ha s thu s bee n 

th e focu s o f  th e researc h o n Camille . 

W h en a  sentenc e containin g a n unknow n ver b i s encoun -

tered ,  Camill e put s a  defaul t  "definition "  fo r  th e ver b int o th e 

parse .  Durin g th e parsin g process ,  a s th e othe r  element s o f 

th e sentenc e ar e attache d a s slot-filler s o f  th e verb ,  Camill e 

compare s eac h fille r  wit h th e semanti c constraint s [fo r  ex -

ample .  (OB.IEC T =  VEHICLE )  fo r  "hijacking" !  o n th e variou s 

actio n concept s i n th e domai n s  concep t  representation. -  Fo r 

any example ,  ther e wil l  b e a  se t  o l  actio n concept s whic h ar e 

logicall y consisten t  wit h th e slo t  fillers.  Bu i  Camill e elimi -

nate s fro m consideratio n al l  bu t  th e mos t  specifi c  concepts , 

tha t  is ,  thos e tha t  mos t  closel y matc h th e actua l  slo t  fillers 

Thi s extrem e inductiv e approac h i s necessar y becaus e o f  th e 

no-negative-evidenc e problem :  Camill e doesn' t  ge t  example s 

of  h o w a  wor d i s no t  used ,  jus t  h o w i t  i s  u.sed .  Camill e there -

for e mus t  mak e th e extrem e hypothese s becaus e the y ar e th e 

most  falsifiable .  I t  relie s o n late r  (positive )  example s o f  th e 

wor d an d o n it s incrementa l  learnin g mechanis m t o correc t 

erroneou s hypotheses . 

Camill e wa s teste d o n severa l  real-worl d domain s withi n 

informatio n extractio n tasks .  W e u.se d ih e scorin g method s 

fro m M U C 4 (Chinchor ,  1992 )  whic h calculat e th e recal l  an d 

precisio n o f  th e system .  Camill e ofte n guesse d multipl e con -

cept s pe r  wor d becaus e th e semanti c constraint s ar e no t  suf -

ficient  t o distinguis h them .  Fo r  th e lexica l  acquisitio n task , 

recal l  i s  define d a s th e percentag e o f  correc t  hypotheses .  A 

hypothesi s wa s counte d a s correc t  i f  on e o f  th e concept s i n th e 

hypothesi s matche d th e targe t  concept .  Precisio n i s define d a s 

th e numbe r  o f  correc t  hypothese s divide d b y th e tota l  numbe r 

of  concept s generate d i n al l  th e hypotheses .  Thus ,  ther e tend s 

l o b e a  recall/precisio n tradeolf :  B y guessin g man y concept s 

per  hypothesis .  Camill e ca n increas e it s recal l  becaus e i t  ha s 

a bette r  chanc e o f  "hitting "  ih e righ t  concept .  However ,  a s 

th e tota l  numbe r  o l  concept s get s larger ,  precisio n i s reduced . 

Camill e ha s achieve d a  recal l  o f  4 2 % an d precisio n o f  1 9 % o n 

a se t  o f  5 0 randomly-selecte d sentence s containin g 1 7 differ -

ent  verbs .  Thi s wa s respectabl e performance ,  bu t  w e though t 

tha t  th e syste m shoul d b e abl e t o d o better . 

Statistical Corpus Analysis 

One defici t  o f  Camille' s lexica l  acquisitio n mechanis m i s it s 

failur e l o mak e muc h u.s e o f  th e syntacti c contex t  o f  exampl e 

sentences .  I t  i.loc s us e syntax ,  bu t  onl y indirectly .  Specifi -

cally ,  th e parse r  perform s a  syntacti c an d semanti c pars e o f 

Ih e .sentenc e constituent s an d the n passe s th e semanti c role -

liller s o n t o Camille .  Bu t  Camill e ha s n o informatio n abou t 

th e syntacti c structur e o f  th e sentence .  S o m e o f  th e verb s i n 

th e terroris m corpus ,  "accused "  fo r  example ,  occu r  withi n a 

ver y particula r  syntacti c frame ,  a s in ,  "Joh n accuse d Mar y o f 

bombin g th e building." '  Camill e shoul d b e abl e t o us e suc h 

informatio n i n it s learnin g process . 

We looke d u p th e verbs '  frame s i n Wordne t  (Miller ,  1990 ) 

i n orde r  t o evaluat e th e respectiv e contribution s o f  syntacti c 

and semanti c feature s o f  linguisti c context .  Th e frame s fo r 

th e ver b "deny '  ar e show n below : 

S o m e b o dy d e n i e s s o m e t h i n g 

S o m e b o dy d e n i e s t h a t  C L A U S E 

S o m e b o dy d e n i e s s o m e b o d y s o m e t h i n g 

S o m e b o dy d e n i e s s o m e t h i n g t o s o m e b o d y 

Next  w e delete d th e distinctio n betwee n "somebody "  an d 

"something "  i n orde r  t o distinguis h purel y syntacti c informa -

tio n fro m semanti c infomiation .  W e eliminate d thos e frame s 

tha t  didn' t  occu r  i n ou r  corpu s o f  25 9 exampl e sentences .  Fi -

nally ,  w e brok e dow n th e template s int o separat e syntacti c 

feature s t o allo w th e differen t  part s o f  th e template s t o b e 

evaluate d independently .  Th e resultin g 1 1 boolea n feature s 

(includin g som e surfac e feature s tha t  wer e no t  specifie d i n 

th e templates )  ar e show n below . 

• There is a syntactic subject (occurred in every case) 

•  Ther e i s a  syntacti c objec t 

•  Ther e i s a n indirec t  objec t 

•  Sentenc e i s passiv e 

•  Ther e i s a  clausa l  objec t  (.sententia l  complement ) 

•  Th e clausa l  objec t  precede s th e subjec t 

•  Ther e i s a  "to "  -i -  INFINIT IV E claus e 

•  Ther e i s a  gerun d objec t 

•  Ther e i s a  "with "  prepositiona l  phras e modifyin g th e ver b 

•  Ther e i s a n "of "  -i -  V E R B i n g prepositiona l  phras e modify -

in g th e ver b 

•  Ther e i s a  leHexiv e constructio n 

To evaluate the semantic features of the corpus, we ana-

lyze d th e .sentence s base d o n th e semanti c categorie s o f  th e 

slo t  fillers.  I n orde r  t o maintai n consistenc y wit h th e Camill e 

test ,  w e use d th e categorie s tha t  occu r  i n Link' s semanti c con -

straints .  Thes e categories ,  separate d b y semanti c role ,  ar e 

liste d i n Tabl e I .  M a n y o f  th e categorie s subsum e othe r  cate -

gories ,  bu t  w e lef t  i t  t o th e statistica l  analyse s t o sor t  thes e out . 

I n fact ,  som e interestin g result s ca n occu r  whe n a n ancesto r 

nod e i s a  .stron g diagnosti c facto r  i n favo r  o f  a  particula r  verb , 

but  on e o f  it s  descendant s i s diagnosti c agains t  a  particula r 

verb .  Thi s constitute s bot h a  leas t  uppe r  boun d an d a  greates t 

lowe r  boun d fo r  th e possibl e meanin g .space ,  whic h coul d no t 

be achieve d wit h th e simpl e Camill e algorith m becaus e o f  th e 

no-negativ e evidenc e problem . 

Th e verb s di d no t  occu r  equall y frequentl y i n ou r  corpu s o f 

25 9 randoml y selecte d sentences .  Tabl e 2  show s th e numbe r 

of  occurrence s o f  eac h targe t  ver b i n th e corpus . 

-Thes e constraint s ar e iher e i n orde r  t o limi t  th e complexit y o f 
th e parsin g process ,  no t  fo r  th e purpos e o f  ver b acquisition . 

'Th e lin e betwee n th e syntacti c feature s o f  a  ver b (e.g .  "accuse " 
occur s i n a  fram e lik e "Somebod y accuse s someon e o f  something" ) 
and th e meanin g o f  th e ver b become s a  bi t  haz y here .  W e recogniz e 
tha t  no t  al l  o f  thes e feature s ar c relate d t o meaning ,  bu t  som e are . 
and on e goa l  o f  thi s researc h projec t  i s  t o find  ou t  whic h feature s ar e 
relate d t o meaning . 
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Tabi c 1 :  Semanti c caiegorie s b y rol e 

acto r 

(ibjec l 

instrumen t 

locatio n 

of-objec t 

tim e 

none ,  human ,  human-or-official ,  human-or -

organization .  lenorist ,  physical-object ,  ex -

plosiv e 

none ,  action ,  human-oi-oriicial ,  death , 

liuman-or-organization ,  responsibility , 

clfecl-or-aciion ,  hunian-or-iiiacc ,  bomb . 

physical-target ,  vehicle ,  building ,  tangibl e 

none ,  explosive ,  gu n 

plac e 

actio n 

tim e 

Tabl e 2 :  Numbe r  o f  sentence s pe r  ver b i n corpu s 

accuse d 

attacke d 

claime d 

denie d 

destroye d 

die d 

dvnamite d 

explode d 

kidnappe d 

S 
24 
X 
8 

1 1 

4 
2 

13 
8 

kille d 

machinegunne d 

murdere d 

reporte d 

riddle d 

state d 

threatene d 

wounde d 

50 
4 

11 
61 

1 
14 
3 

30 

The result s o f  a  serie s o f  multipl e regressio n analyses ,  on e 

analysi s fo r  eac h specifi c  verb ,  ar e show n i n tabl e 3 .  Th e pres -

enc e (1 )  o r  ab.senc e (0 )  o f  a  particula r  ver b i n th e sentenc e wa s 

th e criterio n variabl e i n eac h regressio n analysis .  Th e predic -

to r  variable s wer e categoria l  variable s fo r  al l  o f  th e syntacti c 

and semanti c feature s o f  th e corpu s sentences .  Tabl e 3  show s 

th e bet a weight s fo r  thos e feature s tha t  wer e significan t  a t  th e 

.0 5 level .  Al l  o f  th e verb s wer e i n th e simpl e pas t  tens e form , 

althoug h som e o f  the m (fo r  example ,  mac-gu n =  'machine -

gunned" )  ar e abbreviate d here . 

Tabl e 3  show s tha t  diagnosti c syntacti c an d semanti c cue s 

ca n b e identifie d fo r  eac h verb .  Fo r  example ,  a  terroris t  acto r 

and huma n semanti c objec t  ar e bot h diagnosti c o f  th e wor d 

•"kidnapped "  Fo r  "claimed" ,  th e tw o diagnosti c feature s ar e 

a semanti c objec t  o f  Re.SPONSIBILITY ,  an d a  syntacti c  ""to " 

-I -  Infinitiv e clause . 

One interestin g cas e involve d th e ver b ""attack "  A 

Tang ib l e objec t  i s  diagnosti c lo r  tha t  particula r  verb , 

wherea s th e descendan t  Human-OR-Of f i c ia l ,  Physical -

T a r g e t ,  an d VEHICL E categorie s ar e diagnosti c agains t  it . 

Thi s i s rathe r  counterintuitive .  W e migh t  suspec t  tha t  ""at -

tack "  woul d b e use d wit h huma n objects ,  bu t  i n thi s terroris t 

activit y corpus ,  tha t  i s  apparentl y no t  so .  Thus ,  thi s typ e o f 

statistica l  analysis ,  o n a  domain-specifi c  basis ,  shoul d hel p 

lin e tun e lexica l  acquisition ,  knowledg e representation ,  an d 

parsin g mechanisms . 

We perfonne d a  manua l  cluste r  analysi s o n thes e data . 

groupin g th e verb s wit h thei r  relate d bet a weight s int o th e 

syntactic/semanti c group s o f  communicatio n verbs ,  intransi -

tiv e verbs ,  an d terroris t  actions .  S o m e interestin g cluster s 

of  diagnosticit y emerged .  Fo r  example ,  th e tw o intransitiv e 

verbs ,  ""died "  an d "'exploded" ,  sho w a  ver y simila r  pattern . 

Not  surprisingly ,  th e featur e indicatin g th e lac k o f  a  semanti c 

objec t  i s  diagnosti c fo r  bot h o f  thes e verbs .  A  semanti c ac -

lo r  o f  typ e EXPLO.SIV E i s strongl y indicativ e o f  ""exploded " 

and agains t  "died "  A  .semanti c acto r  o f  Phy.SICal-Objec t 

rs weakl y indicativ e ol '  ""exploded "  an d agains t  ""died" .  How -

ever ,  non e o f  th e syntacti c feature s ar e diagnosti c o f  thes e 

verbs . 

The syntacti c feature s hav e littl e diagnosticit y fo r  th e 

terrorist-ac t  verb s a s well .  The y pla y a  muc h mor e pro -

nounce d rol e fo r  th e communicatio n verbs ,  especiall y fo r  "ac -

cu.sed" ,  fo r  whic h a n ""o f  VERBing "  complemen t  i s highl y 

diagnostic .  Th e semanti c acto r  feature s hav e a  somewha t 

smalle r  bu t  stil l  significan t  diagnosticit y fo r  th e communi -

catio n verbs ,  an d les s fo r  th e terroris t  acts .  A  H U M A N - O R-

Officia l  semanti c objec t  i s  onl y diagnosti c fo r  th e terrorist -

act  verbs." *  Ther e i s als o a  cluste r  o f  diagnosticit y amon g 

th e semanti c objec t  feature s fo r  th e subse t  o f  terroris t  action s 

wit h physica l  targets .  Thes e statistia l  analyse s sugges t  tha t 

ther e i s bot h .syntacti c an d semanti c informatio n availabl e t o 

hel p languag e learner s discriminat e meanings .  W e explore d 

human abilit y  t o mak e us e o f  thi s informatio n i n th e studie s 

describe d below . 

Testing human performance 

I n orde r  t o tes t  ho w wel l  human s infe r  ver b meanings ,  w e 

performe d a n experimen t  usin g th e sam e sentence s tha t  wer e 

analyze d statistically .  W e use d th e Cloz e procedur e i n whic h 

th e targe t  wor d i s replace d b y a  blank ,  a s show n below : 

A mercenar y grou p 

worker . 

an interio r  ministr y 

We ar e interpretin g th e participants '  abilit y  t o identif y th e cor -

rec t  ver b i n thi s situatio n a s a n indicatoro f  th e exten t  t o whic h 

contextua l  informatio n constrain s th e possibl e verbs ,  an d w e 

use tha t  t o estimat e ho w thi s informatio n facilitate s ver b ac -

quisition.' ' 

The participant s (N=I4 )  wer e tol d tha t  th e sentence s wer e 

take n fro m a  se t  o f  newspape r  article s tha t  describ e terroris t 

activit y i n orde r  t o compensat e fo r  th e domain-specifi c  na -

tur e o f  Camille .  Camille' s concep t  representatio n spac e con -

tain s primaril y thos e concept s tha t  ar e require d i n tha t  domai n 

""A s previousl y stated ,  a  semanti c objec t  o f  typ e Human-OR -
Officia l  i s  diagnosti c agains t  ""attacked"" . 

""O f  course ,  th e participant. s als o kno w a  grea t  dea l  abou t  th e 
verb s tha t  coul d b e pu t  i n th e blanks ,  includin g bot h thei r  mean -
in g an d thei r  subcategorizatio n constraints .  Th e participant s migh t 
simpl y matc h th e syntacti c template s o f  a  se t  o f  verb s wit h th e syn -
tacti c structur e o f  th e sentence .  Becaus e man y o f  th e verb s i n th e 
corpu s hav e quit e simila r  syntacti c frames ,  however ,  w e suspec t  tha t 
thi s woul d no t  provid e sufficien t  discriminatin g evidenc e t o accoun t 
lo r  th e performanc e level s tha t  th e participant s achieve .  Thi s issu e 
wil l  b e addresse d b y th e planne d experimen t  describe d i n th e lina l 
sectio n o f  thi s pape r 
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accuse d 

attacke d 

claime d 

denie d 

destro y 

die d 

dynamit e 

1.0 0 

.1 1 

.2 3 
-.1 4 

-I.O I 

1.0 9 

-.3 1 

-.1 6 

-.1 2 

-.1 0 

.6 8 

.3 9 

.4 0 
-.6 1 

.5 2 
-.3 5 

.5 5 

.1 8 
-.1 2 

.1 1 

.7 6 
-.5 1 

.1 1 

.5 2 

.2 9 
-.2 4 

Tabl e 3 :  Significan t  bet a weight s i n multipl e regressio n ( p <  .05 ) 

syn •o f  VERBin g clau.s e 

sem acto r  i s Terrori.s t 

instrumen t  i s GUN 

no locatio n 

sem objec t  i s Hlman-OR-Officia l 

sem objec t  i s TANGIBL E 

sem objec t  i s Physical-Targe t 

sem objec t  i s Vehicl e 

syn for m i s passiv e 

syn ""o f  VERBin g claus e 

sem objec t  i s RESPONSIBILIT Y 

syn •lo "  Infinitiv e claus e 

syn indirec t  objec t 

sem objec t  i s  TANGIBL E 

.se m objec t  i s ACTIO N 

no se m objec t 

sem objec t  i s Physical-Targe t 

sem objec t  i s Vehicl e 

sem acto r  i s  TERRORIST 

no locatio n 

no se m objec t 

.se m acto r  i s  EXPLOSIV E 

.se m acto r  i s Human-or-Officia l 

.se m objec t  i s Physical-Targe t 

.se m objec i  i s Vehicl e 

.se m objec i  i s BUILDIN G 

explode d 

kidna p 

kille d 

mac-gu n 

murdere d 

rcpoite d 

riddle d 

state d 

threate n 

wounde d 

.7 2 

.2 7 

.1 1 

.1 0 
-.0 8 

.2 3 

.1 8 

.5 8 
-.1 5 

.1 2 

.3 7 

.2 5 
-.1 2 

.6 5 

.2 4 

.1 2 
-.0 9 

-.0 9 

.4 5 

.1 5 

.3 2 

.2 0 

.5 8 

.2 2 

.1 5 

.1 0 

.4 4 

-.1 2 

se m acto r  i s EXPLOSIV E 

no se m objec t 

se m acto r  i s  Phys ica l -Ob jec t 

se m objec t  i s  BUILDIN G 

no tim e 

se m objec t  i s  Human-o r -O f f i c i a l 

se m acto r  i s  Ter ror is t 

se m objec t  i s  Human-o r -O f f i c i a l 

"of "  Ac t i o n claus e 

sy n reflexiv e for m 

se m objec t  i s  Veh ic l e 

.se m objec t  i s  Human-o r -O f f i c i a l 

no tim e 

se m objec t  i s  Ef fect-OR-ACTIO N 

se m objec t  i s  ACTIO N 

sy n indirec t  objec t 

.se m acto r  i s  Phys ica l -Ob jec t 

sy n "to "  Infinitiv e claus e 

se m instrumen t  i s G U N 

se m objec t  i s  Phys i ca l -Ta rge t 

sy n objec t  i s  C L A U S E 

se m acto r  i s  Phys ica l -Ob jec t 

.sy n "with "  claus e 

no se m objec t 

se m acto r  i s  Exp los iv e 

no se m acto r 

se m objec t  i s  Human-o r -O f f i c i a l 

sy n "of "  VERBin g claus e 

t o expedit e parsing .  Thus ,  th e syste m tend s t o infe r  primar -

il y  meaning s fo r  th e verb s tha t  ar e relate d t o tha t  domain . 

The participant s wer e als o tol d tha t  the y coul d fil l  i n multi -

pl e guesse s i f  the y coul d no t  arriv e a t  a  singl e bes t  answer . 

[ n practice ,  however ,  the y rarel y entere d mor e tha n on e wor d 

per  blank . 

The subject s wer e eac h give n 1 7 .sentences ,  on e fo r  eac h 

ver b i n th e corpus ,  bu t  Ihe y wer e no t  tol d tha t  ther e wa s on e 

sentenc e pe r  verb .  Th e sentence s wer e randoml y chose n fro m 

th e corpu s b y ver b an d b y syntacti c frame ,  an d the y wer e pre -

sente d t o th e subject s i n rando m order . 

We score d th e answer s usin g th e sam e basi c metho d use d 

fo r  evaluatin g Camille ,  usin g th e lecal l  an d precisio n mea -

sures .  Becaus e th e subject s wer e guessin g word s an d no t  con -

cepts ,  al l  word s whic h woul d normall y b e define d a s mappin g 

l o th e targe t  concept s wer e accepted . 

The averag e recal l  scor e wa s quit e clos e t o Camille"s :  4 2 % 

(standar d deviatio n I  1%)  whic h compare s favorabl y l o 42'/ ! 

fo r  Camille .  However ,  th e huma n subject s ha d a  stron g ten -

denc y agains i  enterin g nuiltipi o wdid s pe r  sentence ,  wii h onl y 

thre e additiona l  guesse s fo r  th e entir e se t  o f  14*1 7 =  23 8 sen -

tences .  A s a  consequence ,  thei r  precisio n scor e wa s virtuall y 

identica l  t o thei r  recal l  a t  4 1 % ,  a s oppose d t o Camille' s 1 9 % 

precisio n score .  B y generatin g almos t  2  concept s pe r  hypoth -

esis ,  Camill e increase s it s chanc e o f  identifyin g th e correc t 

concept ,  bu t  end s u p wit h les s usabl e hypotheses . 

I n a  followu p experiment ,  w e attempte d t o determin e th e 

effec t  o f  th e amoun t  o f  contex t  o n ver b identification .  Th e 

participant s (N=27 )  wer e agai n give n a  .se t  o f  1 7 sentence s 

fro m th e sam e corpus .  Thi s time ,  ther e wer e tw o differen t 

sentenc e conditions .  I n on e condition ,  w e use d th e sentence s 

as the y appeare d i n th e origina l  corpus .  Thes e sentence s wer e 

lon g an d complex ,  wit h a n averag e lengt h o f  28. 6 words .  I n 

th e othe r  condition ,  th e sentence s wer e pare d dow n unti l  onl y 

one propositio n remained .  Thes e sentence s ha d a n averag e 

lengt h o f  8. 8 words .  Example s o f  th e origina l  an d shortene d 

versions' '  o f  a  sentenc e fro m th e corpus ,  wit h th e verb s re -

moved,  ar e show n below : 

Original: "National Army spokesmen said that one noncom-
missione d office r  an d si x  soldier s wer e ,  fou r 

wer e wounded ,  an d 1 5 other s wer e injure d durin g th e 

attack s agains t  militar y base s an d polic e installation s i n 

Segovi a b y th e 4t h Fron t  o f  th e FARC. " 

Shortened :  "Si x soldier s wer e i n Segovi a b y th e 

4t h Fron t  o f  th e FARC. " 

"I n som e case s th e origina l  sentenc e expresse d a  singl e proposi -
tion .  I n thi s cas e th e origina l  an d shortene d version s wer e th e same . 
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The participant s wer e give n 8  sentence s I'ro m on e condition , 

and 9  fro m th e other . 

We calculate d overal l  recal l  an d precisio n fo r  th e partici -

pants '  answers .  Thi s time ,  bot h score s wer e slightl y lowe r 

but  stil l  comparabl e t o thos e i n th e lirs t  experiment :  recal l 

= 3 7 % an d precisio n =  36'7r .  We als o calculate d th e score s 

separatel y fo r  th e origina l  an d shortene d .sentences ,  l o exam -

in e whethe r  th e ful l  contex t  facilitate s th e identificatio n o f  th e 

missin g verb .  I n fact ,  howexcr ,  th e score s wer e slightl y lowe r 

fo r  ih e longe r  versions .  357 f  (longer) ,  compare d wit h .^9 % 

ishoricr )  fo r  recall ,  an d ."̂-l'- !  an d ?>19 (  ivspeclivci y fo r  pre -

cision .  Thus ,  th e large r  amoun t  o f  contex t  di d no t  facilitat e 

ver b identification . 

Discussion and future work 

The goal of this research was to find out how a (computa-

tiona l  o r  human )  agen t  ca n lear n th e meaning s ol '  verb s fro m 

context .  A  symboli c incrementa l  learnin g syste m ca n perfor m 

fairl y wel l  o n thi s tas k b y comparin g inpu t  sentence s t o th e ,se -

lectiona l  constraint s o n actio n concept s i n it s  domai n knowl -

edge .  I n fact ,  w e rind  tha t  human s i n a  simila r  settin g perfor m 

at  relativel y simila r  recal l  levels .  However ,  th e huma n result s 

wer e signihcantl y differen t  i n thei r  precisio n level .  Humans 

almos t  withou t  exceptio n produce d a  singl e ver b fo r  a  sen -

tence ,  wherea s Camill e produce d a n averag e o f  jus t  ove r  two . 

Camill e coul d no t  distinguis h thes e concept s base d purel y o n 

semanti c constraints . 

Wo ar e lef t  wit h th e questio n o f  wha t  typ e o f  informa -

tio n human s us e i n orde r  t o distinguis h betwee n candidat e 

verbs .  On e possibilit y  i s  th e syntacti c conten t  o f  th e sen -

tence ,  whic h Camill e di d no t  use ,  bu t  whic h a  statistica l  cor -

pus analysi s showe d coul d contribut e significantl y t o ver b in -

ference .  Thi s possibilit y  woul d argu e agains t  th e claim s o f 

some researcher s i n corpus-hase d semanti c representation s 

lik e LS A (Landauer & Dumais .  1997 ;  Landauer ,  Laham ,  Re -

hder ,  &  Schreiner ,  1997 )  wh o sugges t  tha t  wor d orderin g 

play s a n insignifican t  rol e i n determinin g th e meanin g o f  a 

text .  I t  woul d als o rais e question s abou t  Siskind' s recen t  wor k 

(1996) .  i n whic h h e showe d tha t  i t  wa s theoreticall y possibl e 

fo r  a  learnin g syste m t o acquir e wor d meaning s i n particu -

la r  situation s withou t  an y knowledg e o f  syntax .  Thi s ma y b e 

true ,  bu t  w e als o kno w tha t  huma n languag e learners ,  eve n 

ver y youn g ones ,  d o kno w som e element s o f  synta x (Hirsh -

Pasek &  Golinkoff .  1993 :  Naigies .  1990) .  I t  remain s l o b e 

.see n exactl y ho w thes e syntacti c feature s ar e brough t  int o 

play . 

Anothe r  facto r  tha t  coul d hel p human s distinguis h betwee n 

ver b choice s i s wor d frequency .  A s previousl y stated ,  ther e i s 

a wid e rang e o f  variatio n i n th e frequencie s jus t  withi n th e 

terroris m domain .  Presumabl y thi s variatio n woul d b e eve n 

more pronounce d withi n th e experienc e o f  th e huma n partic -

ipants .  I f  human s d o tak e familiarit y o f  a  wor d int o account . 

the y ma y b e mor e likel y t o infe r  tha t  th e ver b i s on e wit h hig h 

familiarity ,  an d migh t  no t  eve n thin k o f  som e o f  th e mor e ob -

scur e word s ("machine-gunned" '  fo r  example) .  Furthemiore . 

th e sentence s i n thi s corpu s wer e al l  writte n b y journalists , 

and non e o f  th e participant s (a s fa r  a s w e know )  i s a  journal -

ist .  Perhap s som e o f  th e targe t  word s ar e unlikel y eve r  t o b e 

uttere d b y a  non-journalist . 

One implicatio n o f  thi s researc h fo r  natura l  languag e pro -

cessin g i s it s focu s o n domain-specifi c  inferenc e methods . 

Camill e require s a  fairl y  complet e domai n concep t  represen -

tation ,  bu t  beyon d that ,  it s  inferenc e method s ca n b e consid -

ere d "wea k methods" ,  i.e .  the y don' t  rel y o n an y domain -

specifi c  heuristic s — jus t  a  genera l  searc h procedure .  Th e 

statistica l  analyse s performe d her e ar e als o clearl y domai n 

specific .  We wouldn' t  wan t  t o exten d ou r  inference s abou t 

th e occurrence s o f  "killed "  an d "denied" ,  fo r  example ,  t o an -

othe r  domain .  Bu t  thi s ver y domai n specificit y ca n b e a n as -

set .  Genera l  purpos e parser s hav e bee n a n unachievabl e grai l 

fo r  NLP .  Perhap s b y performin g fairl y  simpl e statistica l  anal -

yse s o f  corpor a i n specifi c  domains ,  w e ca n augmen t  parser s 

t o mak e the m mor e effectiv e i n specifi c  areas ,  a s i n th e recen t 

M UC evaluations .  Furthermore ,  b y narrowin g th e process -

in g focu s t o a  sublanguage ,  perhap s w e ca n als o facilitat e th e 

acquisitio n o f  unknow n words . 

In futur e work ,  w e pla n t o examin e a  large r  corpu s t o en -

sur e th e reliabilit y  o f  ou r  statistica l  analyses .  We als o wan t 

t o tes t  ho w wel l  human s perfor m wit h multipl e example s o f 

a wor d becaus e Camill e relie s o n gettin g multipl e example s 

i n orde r  t o fix  erroneou s initia l  inferences .  We hav e recentl y 

begun a  stud y t o tr y t o teas e apar t  th e differen t  aspect s o f  th e 

semanti c an d syntacti c context .  Th e material s ar e simila r  t o 

thos e describe d i n th e huma n testin g sectio n here .  Bu t  w e wil l 

substitute ,  fo r  th e argument s o f  th e verb ,  phrase s whic h hav e 

les s information ,  fo r  example ,  "th e 4t h Fron t  o f  th e FARC" 

wil l  b e replace d wit h " a terroris t  organization, "  " a group. "  o r 

"a n entity" .  Thi s shoul d giv e u s a  bette r  ide a o f  th e contribu -

tio n o f  differen t  type s o f  contextua l  information . 

Finally ,  w e wil l  perfor m a  qualitativ e analysi s o f  th e hu -

man response s versu s Camille' s guesse s t o se e i f  an y pattern s 

can b e found .  I n th e end ,  w e hop e t o b e abl e t o implemen t  a 

computationa l  lexica l  acquisitio n mechanis m whic h incorpo -

rate s wha t  we'v e learne d abou t  th e aspect s o f  linguisti c con -

tex t  whic h ar e importan t  fo r  ver b acquisifion . 
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