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A Computationa l  Theor y o f  Vocabular y Expansio n 

Kare n Ehrlic h an d Willia m J .  Rapapor t 
Departmen t  o f  Compute r  Scienc e an d Cente r  fo r  Cognitiv e Scienc e 

Stat e Universit y o f  N e w Yor k a t  Buffalo ,  Buffalo ,  N Y 1426 0 
{ e h r l i c h | r a p a p o r t } @ c s . b u f f a l o . e d u 
h t t p :  / / w w w . c s . b u f f a l o . e d u / ~ s n w i z 

Abstrac t 

As part of an interdisciplinary project to develop a compu-
tationa l  cognitiv e mode l  o f  a  reade r  o f  narrativ e text ,  w e ar e 
developin g a  computationa l  theor y o f  ho w natural-language -
understandin g system s ca n automaticall y expan d thei r  vocab -
ular y b y determinin g fro m contex t  th e meanin g o f  word s tha t 
ar e unknown ,  misunderstood ,  o r  use d i n a  ne w sense .  'Con -
text '  include s surroundin g text ,  grammatica l  information ,  an d 
backgroun d knowledge ,  bu t  n o externa l  sources .  Ou r  thesi s 
i s tha t  th e meanin g o f  suc h a  wor d ca n b e determine d fro m 
context ,  ca n b e revise d upo n furthe r  encounter s wit h th e word , 
"converges "  t o a  dictionary-lik e definitio n i f  enoug h contex t 
has bee n provide d an d ther e hav e bee n enoug h exposure s t o 
th e word ,  an d eventuall y "settle s down "  t o a  "stead y state " 
tha t  i s  alway s subjec t  t o revisio n upo n furthe r  encounter s wit h 
th e word .  Th e syste m i s bein g implemente d i n th e SNeP S 
knowledge-representatio n an d reasonin g system . 

The Project and Its Significance 

We ar e developin g a  computationa l  theor y o f  h o w N L U sys -
tem s (includin g humans )  ca n automaticall y expan d thei r  vo -
cabular y b y determinin g fro m contex t  th e meanin g o f  word s 
tha t  ar e unknow n t o th e system ,  familia r  bu t  misunderstood , 
or  use d i n a  ne w sens e (Ehrlic h 1995) .  'Context '  include s 
surroundin g text ,  grammatica l  information ,  an d backgroun d 
knowledge ,  bu t  n o acces s t o a  dictionar y (Zadrozn y &  Jense n 
1991 )  o r  othe r  externa l  source s o f  informatio n (includin g a 
human) . 

We tak e th e meanin g o f  a  wor d (a s understoo d b y a  cognitiv e 
agent )  t o b e it s positio n i n a  networ k o f  words ,  propositions , 
and othe r  concept s (Quillia n 1968 ,  1969) .  I n thi s (idiolectic ) 
sense ,  th e meanin g o f  a  wor d fo r  a  cognitiv e agen t  i s deter -
mine d b y idiosyncrati c experienc e wit h it .  Th e contextua l 
meanin g describe d abov e include s a  word' s relatio n t o ever y 
concep t  i n th e agent' s mind .  Thus ,  th e extrem e interpretatio n 
of  "meanin g a s context "  define s ever y wor d i n term s o f  ever y 
othe r  wor d a n agen t  knows .  Thi s i s circula r  an d to o unwield y 
fo r  use .  I n anothe r  sense ,  th e meanin g o f  a  wor d i s it s dictio -
nar y definition ,  usuall y containin g les s information .  Thus ,  w e 
limi t  th e connection s use d fo r  th e definitio n b y selectin g par -
ticula r  kind s o f  information .  No t  al l  concept s withi n a  give n 
subnetwor k ar e equall y salien t  t o a  dictionary-styl e definitio n 
of  a  word .  Peopl e abstrac t  certai n conventiona l  informatio n 
abou t  word s t o us e a s a  definition . 

We clai m tha t  a  meanin g fo r  a  wor d ca n b e determine d fro m 
any context ,  ca n b e revise d an d refine d upo n furthe r  encoun -
ter s wit h it ,  an d "converges "  t o a  dictionary-lik e definitio n 
give n enoug h contex t  an d exposure s t o it .  Eac h encounte r 

wit h i t  yield s a  definition— a hypothesi s abou t  meaning .  Sub -
sequen t  encounter s provid e opportunitie s fo r  unsupervise d 
revisio n o f  thi s hypothesis ,  wit h n o (human )  "trainers "  o r 
"error-correction "  techniques .  Th e hypothesize d definition s 
ar e no t  guarantee d t o converg e t o a  "correct "  meanin g (i f  suc h 
exists )  bu t  t o on e stabl e wit h respec t  t o furthe r  encounters .  Fi -
nally ,  n o domain-specifi c  backgroun d informatio n i s require d 
fo r  developin g th e definition . 

Evidenc e fo r  thi s ca n b e see n i n th e psychologica l  literatur e 
(below )  an d i n informa l  protocol s take n fro m subject s w h o 
reasone d ou t  lou d abou t  thei r  definition-formin g an d revisio n 
procedure s whe n show n passage s containin g unknow n word s 
(Ehrlic h 1995) .  Thes e sam e passage s serve d a s inpu t  t o a 
computationa l  syste m tha t  develop s an d revise s definition s i n 
ways simila r  t o th e h u m a n subjects . 

Th e vocabulary-expansio n syste m i s par t  o f  a n interdisci -
plinar y projec t  developin g a  computationa l  cognitiv e mode l  o f 
a reade r  o f  narrativ e tex t  (Ducha n e t  al .  1995) .  T o full y mode l 
a reader ,  i t  i s  importan t  t o mode l  th e abilit y  t o lear n from 
reading ,  i n particular ,  t o expan d one' s vocabular y i n a  natura l 
way whil e reading ,  withou t  havin g t o sto p t o as k someon e o r 
t o consul t  a  dictionary .  A  complet e lexico n canno t  b e man -
uall y encoded ,  no r  coul d i t  contai n ne w word s o r  n e w mean -
ing s (Zerni k &  Dye r  1987) .  Text-understanding ,  message -
processing ,  an d information-extractio n system s nee d t o b e 
robus t  i n th e presenc e o f  unknow n expressions ,  especiall y 
system s usin g unconstraine d inpu t  tex t  an d operatin g inde -
pendentl y  o f  huma n intervention ,  suc h a s "intelligen t  agents" . 
E.g. ,  a  syste m designe d t o locat e "interesting "  new s item s 
fro m a n onlin e informatio n serve r  shoul d no t  b e limite d t o 
keywor d searches—i f  th e use r  i s intereste d i n new s item s 
abou t  dogs ,  an d th e filter  detect s item s abou t  "brachets "  ( a 
ter m no t  i n it s  lexicon) ,  i t  shoul d delive r  thos e item s a s soo n 
as i t  figures  ou t  tha t  a  brache t  i s a  kin d o f  dog . 

T wo feature s o f  ou r  syste m mes h nicel y wit h thes e desider -
ata ,  summarize d a s th e advantage s o f  learnin g ove r  bein g 
told :  (1 )  Bein g tol d require s h u m a n intervention .  O u r  syste m 
operate s independentl y o f  a  h u m a n teache r  o r  traine r  (wit h 
on e eliminabl e exception) .  (2 )  Learnin g i s necessary ,  sinc e 
on e can' t  predic t  al l  informatio n neede d t o understan d un -
constrained ,  domain-independen t  text .  O u r  syste m doe s no t 
constrai n th e subjec t  matte r  (  "domai n " )  o f  th e text .  Althoug h 
we ar e primaril y concerne d wit h narrativ e text ,  ou r  technique s 
ar e general .  Give n a n appropriat e grammar ,  ou r  algorithm s 
produc e domain-independen t  definitions ,  albei t  one s depen -
den t  o n th e system' s backgroun d knowledge :  Th e mor e back -
groun d knowledg e i t  has ,  th e bette r  it s definition s wil l  be ,  an d 
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th e mor e quickl y the y wil l  "converge" .  Th e syste m doe s no t 
develo p "correct "  definitions ,  bu t  dictionary-lik e definition s 
enablin g he r  t o continu e understandin g th e text . 

Our  system ,  "Cassie" ,  consist s o f  th e SNePS-2. 1 
knowledge-representatio n an d reasonin g syste m (Shapir o 
1979 ,  Shapir o &  Rapapor t  1992) ,  an d a  knowledg e bas e ( K B ) 
representin g Cassie' s backgroun d knowledge .  Currently ,  th e 
K B i s hand-coded ,  sinc e h o w sh e acquire d thi s knowledg e i s 
irrelevant .  Althoug h w e begi n wit h a  "toy "  K B ,  eac h o f  ou r 
test s include s al l  previou s information ,  s o th e K B grow s a s w e 
tes t  mor e words .  Cassie' s inpu t  consist s o f  (1 )  informatio n 
fro m th e tex t  bein g rea d an d (2 )  question s (e.g. ,  "Wha t  doe s 
(word )  mean?" )  tha t  trigge r  a  deductiv e searc h o f  th e K B . 
Outpu t  consist s o f  a  repor t  o f  Cassie' s curren t  definitio n o f 
th e word ,  o r  answer s t o othe r  queries . 

S N e PS ha s a n Englis h lexicon ,  morphologica l  ana -
lyzer/synthesizer ,  an d a  generalize d A T N parser-generato r  tha t 
translate s Englis h inpu t  directl y int o a  propositiona l  semanti c 
networ k withou t  buildin g a n intermediat e pars e tre e (Shapir o 
1982 ,  1989 ;  Rapapor t  1988 ;  Shapir o &  Rapapor t  1995) .  Al l 
information ,  includin g propositions ,  i s represente d b y S N e P S 
nodes ;  proposition s abou t  proposition s ca n als o b e repre -
sented .  Labele d arc s for m th e underlyin g syntacti c structur e 
of  S N e P S ,  embodie d i n th e restrictio n tha t  on e canno t  ad d 
an ar c betwee n tw o existin g nodes ,  whic h woul d b e tanta -
mount  t o a  propositio n no t  represente d b y a  node .  Arc-path s 
ca n b e define d fo r  path-base d inference ,  includin g propert y 
inheritance .  Node s an d represente d concept s ar e i n 1- 1 cor -
respondence ;  thi s uniquenes s principl e guarantee s tha t  node s 
ar e share d wheneve r  possibl e an d tha t  node s represen t  inten -
siona l  object s (e.g. ,  concepts ,  propositions ,  properties ,  an d 
object s o f  though t  includin g fictional  entities ,  non-existents , 
an d impossibl e objects ;  Shapir o &  Rapapor t  1991) . 

SNePS' s inferenc e packag e accept s rule s fo r  deductiv e an d 
defaul t  reasoning ,  allowin g Cassi e t o infe r  "probable "  con -
clusion s i n th e absenc e o f  contrar y information .  W h e n com -
bination s o f  asserte d proposition s lea d t o a  contradiction ,  th e 
S N e BR belief-revisio n packag e allow s Cassi e t o remov e fro m 
th e inconsisten t  contex t  on e o r  mor e o f  thos e proposition s 
(Martin s &  Shapir o 1988) .  Onc e a  premis e i s n o longe r 
asserted ,  th e conclusion s tha t  depende d o n i t  ar e n o longe r 
asserte d i n tha t  context .  Cassi e use s S N e B R t o revis e be -
hef s abou t  th e meaning s o f  words .  W e hav e develope d algo -
rithm s fo r  partiall y  automatin g th e identificatio n an d remova l 
or  modificatio n o f  a  premise ,  base d o n S N e P S w D,  a  defaul t 
belief-revisio n syste m tha t  enable s automati c revisio n (Crav o 
& Martin s 1993 ;  Martin s &  Crav o 1991) .  W e ar e explorin g 
technique s fo r  ful l  automation . 

Psychological Evidence 

Psychological research on how humans store and access word 
meaning s an d expan d thei r  vocabularie s onc e th e basic s o f 
languag e hav e bee n acquire d inform s an d support s ou r  theory . 

Johnson-Laird' s (1987 )  theor y abou t  th e menta l  represen -
tatio n o f  word s assert s tha t  understandin g a  wor d (an d a  sen -
tenc e containin g a  word )  doe s no t  impl y tha t  on e ha s a  readil y 
accessibl e definitio n o f  tha t  wor d store d i n one' s mind .  Var -
iou s aspect s o f  a  word' s meanin g m a y b e calle d t o min d b y 
sentence s fo r  whic h thos e aspect s ar e relevant ,  withou t  call -
in g th e entir e definitio n t o mind .  H e describe s experiment s 

showin g tha t  response s t o question s abou t  specifi c  aspect s o f 
a word' s meanin g c o m e faste r  followin g a  primin g sentenc e 
tha t  call s tha t  aspec t  t o min d tha n t o question s wher e th e pre -
cedin g sentenc e use s th e word ,  bu t  doe s no t  cal l  tha t  aspec t  t o 
mind .  Th e sam e speed-u p occur s whe n th e primin g i s a  resul t 
of  factua l  inferenc e abou t  a  word' s referen t  a s whe n i t  result s 
fro m selectiona l  restrictio n o n th e word' s sense . 

Linguisti c contex t  ha s a t  leas t  thre e effect s o n th e interpre -
tatio n o f  words .  I t  ca n enabl e selectio n o f  a n appropriat e sens e 
of  a  trul y ambiguou s word .  I t  ca n lea d t o inferenc e o f  a  mor e 
specifi c  referen t  tha n i s strictl y warrante d b y th e meanin g o f 
an unambiguou s word .  I t  ca n cal l  t o min d particula r  aspect s 
of  a  word' s meanin g a t  th e expens e o f  othe r  aspects .  I n eac h 
case ,  th e menta l  representatio n o f  rea l  o r  imaginar y referent s 
i s importan t  t o th e understandin g o f  th e wor d a s used . 

S o me aspect s o f  a  word' s meanin g ar e mor e salien t  t o un -
derstandin g it s us e tha n others .  Sinc e th e evidenc e indicate s 
tha t  w e d o no t  retriev e definition s i n thei r  entiret y whe n un -
derstandin g sentences ,  w e m a y no t  notic e gap s i n ou r  lexica l 
knowledge ,  s o lon g a s w e ca n retriev e th e aspect s o f  meanin g 
necessar y t o understandin g th e sentence .  Suc h gap s poin t  t o 
th e importanc e o f  th e acquisitio n process .  O n e ca n lear n a 
word' s meanin g b y bein g tol d tha t  meaning ,  o r  on e ca n infe r 
it s meanin g fro m encounterin g i t  i n use . 

Eve n fairl y  earl y  i n childhood ,  learnin g wor d meaning s ma y 
be a s muc h a  matte r  o f  makin g inference s fro m linguisti c con -
tex t  a s o f  simpl e association .  Johnson-Lair d (1987 )  report s 
on experiment s i n whic h 3 -  an d 4-year-ol d childre n listene d t o 
storie s involvin g a  nove l  verb .  Fro m hearin g th e ver b use d i n 
sentence s tha t  containe d othe r  word s the y alread y understood , 
th e childre n wer e abl e t o perfor m selectiona l  restrictio n o n th e 
argument s t o th e ne w verb .  Childre n hav e als o bee n show n 
t o b e abl e t o lear n aspect s o f  th e meaning s o f  nonsens e noun s 
fro m hearin g the m use d i n th e contex t  o f  familia r  verbs . 

Johnson-Lair d suggest s tha t  lexica l  learnin g involve s a  sor t 
of  "bootstrapping "  i n which ,  onc e a  fragmen t  o f  languag e ha s 
bee n mappe d ont o a  child' s interna l  representatio n o f  state s o f 
affair s i n th e world ,  othe r  word s ar e acquire d eithe r  indirectl y 
fro m contex t  o r  directl y fro m explici t  definition .  Word s ma y 
als o b e o f  mixe d acquisition ;  differen t  individual s wil l  acquir e 
a give n wor d differently .  S o m e word s ca n b e completel y 
lexicall y specified ;  other s (e.g. ,  natural-kin d terms )  cannot , 
but  instea d rel y i n par t  o n a  schem a o f  defaul t  informafio n 
base d o n a  prototypica l  exemplar . 

Johnson-Lair d (1987 ;  579 )  summarize s part s o f  hi s theor y 
of  lexica l  meaning s a s follows :  (1 )  Comprehensio n require s 
th e listene r  t o construc t  a  mode l  o f  th e stat e o f  affair s de -
scribe d b y th e discourse .  (2 )  Ther e i s a  menta l  dictionar y tha t 
contain s entrie s i n whic h th e sense s o f  word s ar e represented . 
(Bu t  cf .  Johnson-Lair d 1987 :  563. )  (3 )  A  lexica l  entr y ma y 
be incomplet e a s a  resul t  o f  ignoranc e o r  becaus e th e wor d i s 
a theoretica l  ter m wit h a n intrinsicall y incomplet e sense .  (4 ) 
The sense s o f  word s ca n b e acquire d fro m definition s o r  fro m 
encounterin g instance s o f  th e wor d i n use .  (5 )  Correspondin g 
t o th e metho d o f  acquisition ,  element s o f  a  lexica l  represen -
tatio n ca n consis t  o f  (a )  relation s t o othe r  words ,  whic h coul d 
be represente d b y a  mechanis m aki n t o a  semanti c network , 
and (b )  ineffabl e primitive s tha t  ar e use d i n constructin g an d 
manipulatin g menta l  model s o f  th e world . 

Cassi e understand s narrativ e inpu t  b y buildin g menta l  rep -
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resentation s o f  th e informatio n containe d i n th e narrative ; 
formin g concept s o f  individuals ,  propositions ,  an d event s de -
scribed ;  an d connectin g the m wit h he r  prio r  knowledge .  He r 
understandin g o f  a  concep t  i n narrativ e i s precisel y tha t  con -
cept' s connection s t o th e res t  o f  th e narrative ,  togethe r  wit h 
it s connection s (i f  any )  t o previousl y acquire d knowledge . 

We adop t  th e ide a tha t  lexica l  entrie s hav e aspect s o f  mean -
in g connecte d t o the m i n a  semanti c network ,  bu t  d o no t  hav e 
compiled ,  dictionary-styl e definition s permanentl y attached . 
Cassi e select s salien t  feature s fro m he r  knowledg e o f  a  wor d 
when aske d t o defin e it ,  bu t  doe s no t  permanend y stor e thos e 
feature s a s a  definition .  Ou r  semanti c network ,  however ,  in -
clude s meanin g postulate s (represente d a s rules )  tha t  Cassi e 
ca n us e a s par t  (bu t  no t  all )  o f  he r  knowledg e fo r  produc -
in g definitions .  S o m e informatio n (e.g. ,  abou t  natura l  kinds ) 
i s expresse d a s defaul t  information .  Thus ,  ou r  approac h i s 
compatibl e wit h Johnson-Laird' s theor y an d experiments . 

Elshout-Moh r  &  va n Daalen-Kapteijn s (1987 )  trea t  ver -
bal  comprehensio n a s a  menta l  skil l  involvin g procedura l  an d 
prepositiona l  knowledge .  The y hol d tha t  i t  i s  usefu l  t o hav e 
a "meanin g unit "  tha t  i s  stabl e acros s contexts ,  s o tha t  ne w 
context s m a y provid e ne w informatio n a t  th e sam e tim e tha t 
an establishe d understandin g o f  a  wor d allow s interpretatio n 
i n a  ne w context . 

I n on e experiment ,  the y chos e student s wit h hig h an d lo w 
verba l  skill s  a s measure d b y standar d tests .  Subject s wer e 
aske d t o thin k alou d a s the y trie d t o determin e fro m contex t 
th e meaning s o f  invente d words .  Th e neologism s filled  lex -
ica l  gaps ,  s o tha t  the y woul d refe r  t o thing s wit h whic h th e 
subject s wer e familiar ,  bu t  woul d no t  hav e direc t  synonym s 
tha t  coul d b e substitute d fo r  them .  (E.g. ,  'kolper' :  a  windo w 
tha t  transmit s littl e ligh t  becaus e o f  somethin g outsid e it. )  A 
serie s o f  sentence s wer e presented ,  on e pe r  page ,  i n whic h 
th e ne w wor d wa s used .  Subject s wer e awar e o f  th e nee d t o 
construc t  a  definitio n rathe r  tha n searc h fo r  a  synonym .  The y 
wer e aske d t o repor t  o n ne w informatio n gaine d fro m eac h 
sentenc e withou t  reviewin g previou s pages .  I t  wa s though t 
tha t  thi s woul d ta x thei r  workin g memory ,  whic h wa s consid -
ere d important ,  becaus e mos t  word s learne d fro m contex t  ar e 
not  learne d i n situation s wher e wor d acquisitio n i s th e primar y 
focu s o f  cognition .  Rather ,  on e usuall y read s fo r  th e conten t 
of  a  tex t  an d acquire s ne w vocabular y incidentall y (i f  a t  all) . 

Most  subject s trie d t o compar e th e unknow n wor d wit h a t 
leas t  on e familia r  word .  Thos e wit h hig h verba l  skill s  use d 
th e mode l  analytically ,  a s a  grou p o f  separabl e component s 
tha t  coul d b e individuall y compare d wit h furthe r  information . 
N ew informatio n compatibl e wit h al l  facet s o f  th e mode l  coul d 
be added ;  conflictin g facet s o f  th e mode l  coul d b e replace d 
wit h ne w information .  Thos e wit h lowe r  verba l  skill s  tende d 
t o us e th e mode l  holistically ,  wiU i  ne w compatible  informa -
tio n broadenin g o r  restrictin g th e domai n (Kierse y 1982 )  an d 
incompatibl e informatio n causin g th e rejectio n o f  th e mode l 
(an d perhap s th e adoptio n o f  a  differen t  model) . 

Accordin g t o th e authors ,  i n th e tas k o f  wor d learning , 
a model :  (1 )  provide s a  pla n fo r  knowledg e retrieval ;  al l 
aspect s o f  th e semanti c uni t  o f  th e mode l  ar e accessible ;  (2 ) 
provide s a  frame-lik e structur e fo r  th e meanin g t o b e acquired , 
wit h certai n slot s t o fill;  (3 )  allow s conventiona l  aspect s o f 
definition s t o stee r  abstractio n towar d simila r  convention s i n 
th e ne w definition ;  an d (4 )  provide s defaul t  informatio n t o fill 

slot s i n th e anticipate d structure .  Th e meanin g o f  th e ne w 
wor d i s presume d t o inheri t  aspect s o f  meanin g connecte d 
wit h th e mode l  unles s otherwis e specified . 

Cassi e use s he r  prio r  knowledg e an d th e networ k tha t  rep -
resent s he r  understandin g o f  th e stor y (u p t o an d includin g 
th e sentenc e containin g tha t  word )  t o establis h a  definitiona l 
framewor k fo r  th e targe t  word .  Thi s framewor k i s no t  a n 
analogica l  mode l  i n Elshout-Moh r  &  va n Daalen-Kapteijns' s 
sense ,  bu t  doe s provid e a  pla n fo r  knowledg e retrieva l  an d a 
structur e wit h certai n slot s t o fill.  Th e framewor k fo r  noun s 
include s slot s fo r  synonym s an d fo r  h y p e m y m s fro m whic h 
th e targe t  wor d ca n inheri t  aspect s o f  meaning . 

Becaus e w e wis h ou r  syste m t o mode l  a n individua l  o f  hig h 
verba l  abilit y  (fo r  genera l  usefulnes s an d specificall y fo r  us e a s 
a lexicographer' s assistant) ,  i t  doe s us e it s selecte d framewor k 
analytically ,  althoug h ne w informatio n m a y caus e th e syste m 
t o selec t  a  differen t  framewor k tha n tha t  chose n afte r  th e first 
encounte r  wit h di e targe t  word . 

Elshout-Moh r  &  va n Daalen-Kapteijn s sugges t  tha t  chil -
dren' s verba l  skill s  b e develope d b y instructio n i n distinguish -
in g betwee n idiosyncrati c experience s wit h a  wor d an d th e 
mor e genera l  experience s associate d therewith ,  an d i n con -
strainin g th e richnes s o f  individua l  experienc e b y selectin g a 
limite d numbe r  o f  aspect s o f  meaning .  Especiall y importan t  i s 
th e abilit y  t o selec t  structura l  an d functiona l  aspect s o f  a  con -
cep t  tha t  ar e "i n c o m m o n with "  an d "i n distinctio n of "  othe r 
know n concepts .  Developin g theor y an d techniqu e fo r  suc h 
movement  fro m idiosyncrati c understandin g t o conventiona l 
dictionar y definition s i s a  centra l  portio n o f  ou r  research . 

Sternber g (1987 )  hold s tha t  thre e processe s ar e applie d i n 
acquirin g word s fro m context :  (1 )  distinguishin g irrelevan t 
fro m relevan t  information ,  (2 )  selectivel y combinin g relevan t 
clues ,  an d (3 )  comparin g wha t  ha s bee n selecte d an d com -
bine d wit h previou s knowledge .  Thes e processe s operat e o n a 
basi s o f  severa l  type s o f  cues :  (1 )  tempora l  cue s regardin g th e 
duratio n o r  frequenc y o f  X ,  o r  whe n X  ca n occur ;  (2 )  spatia l 
cue s regardin g th e locatio n o f  X  o r  possibl e location s wher e X 
ca n sometime s b e found ;  (3 )  valu e cue s regardin g th e wort h o r 
desirabilit y  o f  X ,  o r  th e kind s o f  affect s X  arouses ;  (4 )  stativ e 
descriptiv e cue s regardin g th e propertie s o f  X  (size ,  colour , 
etc.) ;  (5 )  functiona l  descriptiv e cue s regardin g possibl e pur -
pose s o f  X ,  action s X  ca n perform ,  o r  potentia l  use s o f  X ;  (6 ) 
cue s regardin g th e possibl e cause s of ,  o r  enablin g condition s 
for ,  X ;  (7 )  cue s regardin g on e o r  mor e classe s t o whic h X 
belongs ,  o r  othe r  member s o f  on e o r  mor e classe s o f  whic h X 
i s a  member ;  (8 )  equivalenc e cue s regardin g th e meanin g o f 
X,  o r  conU-as t  (e.g. ,  antonymy )  t o th e meanin g o f  X . 

Sternberg' s experiment s sho w tha t  reader s w h o ar e traine d 
i n hi s thre e processe s o f  recognizin g relevan t  cues ,  combinin g 
cues ,  an d comparin g wit h know n term s d o bette r  a t  definin g 
ne w word s tha n thos e w h o receiv e trainin g onl y i n th e eigh t 
type s o f  cue s available ,  althoug h an y trainin g i n cu e type s 
produce s bette r  result s tha n wor d memorizatio n o r  n o training . 

Our  syste m i s designe d t o selec t  certai n informatio n a s mos t 
relevant ,  i f  i t  i s  present .  Fo r  example ,  w e follo w Johnson -
Lair d an d Elshout-Moh r  &  va n Daalen-Kapteijn s i n empha -
sizin g th e structura l  an d functiona l  informatio n abou t  phys -
ica l  objects .  If ,  however ,  suc h informatio n i s lacking ,  ou r 
syste m use s suc h othe r  cu e type s a s m a y b e available .  W e 
als o combin e relevan t  information ,  an d compar e ne w word s 

207 



wit h k n o w n word s i n certai n specifi c  ways ,  suc h a s possibl e 
synonym y o r  hyponymy . 

Algorithms 

Our algorithms hypothesize and revise meanings for nouns 
an d verb s tha t  ar e unknown ,  misunderstood ,  o r  bein g use d 
i n a  n e w way .  Applyin g th e principl e tha t  th e meanin g o f  a 
ter m i s it s locatio n i n th e networ k o f  backgroun d an d stor y 
information ,  ou r  algorithm s deductivel y searc h th e networ k 
fo r  informatio n appropriat e t o a  dictionary-lik e definition ,  as -
sumin g ou r  g ramma r  ha s identifie d th e unknow n wor d a s a 
nou n o r  a  verb .  Th e algorithm s ar e presente d i n detai l  i n 
Ehrlic h 1995 ,  an d ar e illustrate d b y exampl e here . 

Cassi e wa s provide d wit h backgroun d informatio n fo r  un -
derstandin g Kin g Arthu r  storie s (Malor y 1470) .  W h e n pre -
sente d wit h a  sequenc e o f  passage s containin g th e unknow n 
nou n 'brachet' ,  Cassi e develope d a  theor y tha t  a  brache t  wa s 
a do g whos e functio n i s t o hun t  an d tha t  ca n ba y an d bite . 
(Webster' s (1937 )  define s i t  a s " a houn d tha t  hunt s b y th e 
scent". )  However ,  base d o n th e first  contex t  i n whic h th e ter m 
appeare d (".. .  ther e c a m e a  whit e har t  runnin g int o th e hai l 
wit h a  whit e brache t  nex t  t o him,. . . " ) ,  he r  initia l  hypothesi s 
was tha t  a  brache t  wa s a  physica l  objec t  tha t  m a y b e white . 
Eac h tim e 'brachet '  appeared ,  Cassi e wa s aske d t o defin e it . 
To d o so ,  sh e deductivel y searche d he r  backgroun d K B ,  to -
gethe r  wit h th e informatio n sh e ha d rea d i n th e narrativ e t o tha t 
point ,  fo r  informatio n concernin g (1 )  direc t  clas s inclusion s 
(especiall y i n a  basic-leve l  category) ,  (2 )  genera l  function s o f 
brachet s (i n preferenc e t o thos e o f  individuals) ,  (3 )  th e gen -
era l  structur e o f  brachet s (i f  appropriate ,  an d i n preferenc e 
t o thos e o f  individuals) ,  (4 )  act s tha t  brachet s perfor m (par -
tiall y  ordere d i n term s o f  universality :  probabl e action s i n 
preferenc e t o possibl e actions ,  action s attribute d t o brachet s 
i n genera l  i n preferenc e t o action s o f  individuals ,  etc.) ,  (5 ) 
possibl e ownershi p o f  brachets ,  (6 )  part/whol e relationship s 
t o othe r  objects ,  (7 )  othe r  propertie s o f  brachet s (whe n struc -
tura l  an d functiona l  descriptio n i s possible ,  les s salien t  "othe r 
properties "  o f  particula r  brachet s ar e no t  reported ,  althoug h 
we d o repor t  propertie s tha t  apply  t o brachet s i n general) ,  an d 
(8 )  possibl e synonym s fo r  'brachet '  (base d o n similarit y o f 
th e abov e attributes) .  S o m e o f  thes e ar e base d o n th e psy -
cholinguisti c studie s o f  th e sor t  o f  vocabular y expansio n w e 
ar e m o d e h n g (discusse d above) .  I n th e absenc e o f  an y o f 
thi s information ,  o r  i n th e presenc e o f  potentiall y  inconsisten t 
informatio n (e.g. ,  i f  th e tex t  say s tha t  on e brache t  hunt s an d 
anothe r  doesn't) ,  Cassi e eithe r  leave s certai n "slots "  i n he r 
definitiona l  framewor k empty ,  o r  include s informatio n abou t 
particula r  brachets .  Suc h informatio n i s filled  i n o r  replace d 
upo n furthe r  encounter s wit h th e term . 

I n anothe r  test ,  Cassi e wa s tol d tha t  't o smite '  mean t  "t o 
kil l  b y hittin g hard "  ( a mistake n belie f  hel d b y th e secon d 
autho r  befor e readin g Malor y 1470) .  Passage s i n whic h vari -
ou s character s wer e smitte n bu t  the n continue d t o ac t  triggere d 
S N e B R,  whic h ask s Cassi e whic h o f  severa l  possibl e "culprit " 
proposition s i n th e K B t o remov e i n orde r  t o bloc k inconsis -
tencies .  Ideally ,  Cassi e the n decide s whic h belie f  t o revise . 
W h en human s encounte r  a  discrepanc y betwee n a  word' s us e 
and thei r  previou s understanding ,  the y eithe r  assum e th e wor d 
i s use d incorrectl y o r  decid e tha t  thei r  previou s understandin g 
require s revision .  W h e n Cassi e encounter s a  contradictio n 

derive d fro m combinin g stor y informatio n wit h backgroun d 
knowledge ,  sh e mus t  decid e whic h premise s leadin g t o th e 
contradictio n shoul d b e revised .  T o facilitat e this ,  eac h asser -
tio n i n th e K B an d stor y i s tagge d wit h a  "knowledg e cate -
gory" ,  ordere d b y certaint y o f  belief .  I n cas e o f  contradiction , 
Cassi e selects ,  fro m amon g th e conflictin g propositions ,  a 
propositio n o f  greates t  uncertaint y a s a  candidat e fo r  revision . 
A se t  o f  rule s fo r  replacin g discarde d definition s wit h revise d 
definition s i s bein g developed.  E.g. ,  suppos e th e culpri t  were : 
I f  X  smite s y ,  the n x  hit s y  &  y  i s dea d &  x  hittin g y  cause s 
y t o b e dead .  O n first  encounterin g a  smite e w h o survives , 
substitut e thes e rules :  (1 )  I f  . x  smite s y ,  the n x  hit s y  &  possi -
bl y y  i s dead ;  (2 )  I f  x  smite s y  an d y  i s dead ,  the n x  hittin g y 
cause s y  t o b e dead .  I f  aske d fo r  a  definitio n o f  'smite '  now , 
Cassi e wil l  repor t  tha t  th e resul t  o f  smitin g i s tha t  x  hit s y 
and possibl y y  i s dead .  Th e onl y huma n interventio n i s t o tel l 
Cassi e t o orde r  he r  belief s (sh e doe s th e ordering ,  base d o n th e 
knowledg e categories ,  bu t  ha s t o b e nudge d t o "d o i t  now" ) 
and t o tel l  Cassi e t o asser t  th e revise d belie f  sh e ha s alread y 
automaticall y generate d fro m th e lowest-ranke d belie f  i n th e 
conflic t  set . 

A thir d cas e i s exemplifie d b y 't o dress' ,  whic h Cassi e 
antecedentl y understoo d t o mea n "t o pu t  clothe s o n (some -
thing)" ,  a  well-entrenche d meanin g tha t  shoul d no t  b e re -
jected .  However ,  upo n readin g tha t  Kin g Arthu r  "dressed " 
hi s sword ,  S N e B R detect s a n inconsistency .  Rathe r  tha n re -
jectin g th e prio r  definition ,  w e ad d t o it .  Cassi e decide s tha t 
t o dres s i s eithe r  t o pu t  clothe s o n o r  t o prepar e fo r  battle . 

An Example 

Here ,  w e sketc h Cassie' s handlin g o f  'smite' ,  wit h thi s back -
groun d informatio n i n th e K B :  Ther e i s a  kin g name d Kin g 
Arthu r  Ther e i s a  kin g name d Kin g Lot .  Ther e i s a  swor d 
named Excalibu r  Excalibu r  i s Kin g Arthur' s sword .  Horse s 
ar e animals .  King s ar e persons .  Knight s ar e persons .  Duke s 
ar e persons .  "Person "  i s a  basic-leve l  category .  "Horse "  i s 
a basic-leve l  category .  "Before "  an d "after "  ar e transitiv e 
relations .  I f  x  i s dea d a t  tim e t ,  x  ca n perfor m n o action s 
at  t  o r  a t  an y subsequen t  time .  I f  x  belong s t o a  subclas s o f 
person ,  x  i s a  person .  I f  a  perso n acts ,  th e ac t  performe d i s a n 
action .  I f  a n agen t  act s o n a n object ,  an d ther e i s a n indirec t 
objec t  o f  th e action ,  the n th e actio n i s bitransitive .  I f  a n agen t 
act s o n a n object ,  the n th e actio n i s transitive .  I f  a n agen t 
act s o n itself ,  the n th e actio n i s reflexive .  If \  i s hur t  a t  tim e t , 
the n X  i s no t  dea d a t  I  I f  x  i s  no t  dea d a t  tim e t ,  the n x  wa s 
not  dea d a t  an y prio r  time .  If x smite s y  a t  tim e t ,  the n x  hit s 
y a t  t ,  an d y  i s dea d a t  t ,  an d th e hittin g cause d th e death . 
(Not e tha t  th e las t  i s th e onl y informatio n abou t  'smite '  i n th e 
knowledg e base. ) 

Cassi e i s the n give n a  sequenc e o f  passage s containin g 
'smite '  (adapte d fro m Malor y 1470 :  13ff )  intersperse d wit h 
question s an d request s fo r  definitions : 

Passagel: King Arthur turned himself and his horse. He 
smot e befor e an d behind .  Hi s hors e wa s slain .  Kin g Lo t 
smot e d o w n Kin g Arthur . 
Definitionl :  A  perso n ca n smit e a  person .  I f  x  smite s y  a t 
tim e t ,  the n x  hit s y  a t  t ,  an d y  i s dea d a t  t . 
Questionl :  Wha t  propertie s doe s Kin g Arthu r  have ? 
Replyl :  Kin g Arthu r  i s dead . 
Passage2 :  Kin g Arthur' s knight s rescue d him .  The y sa t  hi m 
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on a  horse .  H e dre w Excalibur . 
Questioii2 :  W h e n di d Kin g Arthu r  dra w [Excahbur] ? 

The inference required to reply to Question2 triggers SNcBR, 
whic h report s tha t  Kin g Arthur' s drawin g (i.e. ,  acting )  i s in -
consisten t  wit h hi s bein g dead .  Cassi e automaticall y remove s 
th e propositio n reportin g he r  belie f  tha t  smitin g entail s killing , 
whic h i s replace d wit h tw o beliefs :  tha t  althoug h smitin g en -
tail s  hitting ,  i t  onl y possibl y entail s killing ,  an d tha t  i f  smitin g 
result s i n a  death ,  the n th e hittin g i s th e caus e o f  death .  Thes e 
rule s ar e no t  buil t  in ;  the y ar e inferre d b y revisio n rules . 

Deimition2: A person can smite a person. If x smites y at 
tim e t ,  the n x  hit s y  a t  f  an d possibl y y  i s  dea d a t  t . 
Passage3 :  T w o o f  Kin g Claudas' s knight s rod e towar d a  pas -
sage .  Si r  Ulfya s an d Si r  Brastia s rod e ahead .  Si r  Ulfya s 
smot e dow n on e o f  Kin g Claudas' s tw o knights .  Si r  Brastia s 
smot e dow n th e othe r  knight .  Si r  Ulfya s an d Si r  Brastia s rod e 
ahead .  Si r  Ulfya s fough t  an d unhorse d anothe r  o f  Claudas' s 
knights .  Si r  Brastia s fough t  an d unhorse d th e las t  o f  Clau -
das' s knights .  Si r  Ulfya s an d Si r  Brastia s lai d Kin g Claudas' s 
las t  tw o knight s o n th e ground .  Al l  o f  Kin g Claudas' s knight s 
wer e hur t  an d bruised . 

The information that the knights were hurt was added in 
forward-chainin g m o d e t o allo w Cassi e t o notic e tha t  tha t  the y 
wer e stil l  aliv e a t  th e tim e the y wer e hur t  an d therefor e coul d 
not  hav e die d earlie r  a t  th e tim e the y wer e smitten .  Cassi e ha s 
no w hear d o f  tw o case s i n a  ro w (Kin g Arthur ,  an d th e tw o 
knights )  wher e a  smite e ha s survive d bein g smitten ,  wit h n o 
intervenin g case s o f  deat h b y smiting ,  yielding : 

Definitions: A person can smite a person. If x smites y at 
tim e t ,  the n x  hit s y  a t  t . 

Further encounters with 'smite' cause no further revisions. 
The definitio n ha s stabilize d ("converged" )  i n a  manne r  simi -
la r  t o ou r  huma n protocols . 

Related Work 

Classi c wor k alon g thes e line s include s Grange r  1977 , 
Berwic k 1983 ,  Haa s &  Hendri x 1983 .  Here ,  w e revie w mor e 
recen t  work . 

Z e m i k &  Dye r  (1987 )  compil e definition s o f  word s an d 
figurative  phrase s fro m conversatio n int o a  hierarchica l  lexi -
con ,  usin g a  patter n constructo r  tha t  analyze s parsin g failure s 
t o modif y it s  pattern s an d a  concep t  constructo r  tha t  select s a 
strateg y accordin g t o backgroun d informatio n abou t  th e goal s 
and plan s a  perso n i s likel y t o hav e i n variou s situations .  I f 
th e first  interpretatio n o f  a  phras e i s inconsisten t  wit h tha t 
information ,  th e syste m querie s th e user ,  suggestin g variou s 
interpretation s mor e consisten t  wit h th e goal s o f  person s i n 
th e stor y unti l  th e use r  confirm s tha t  a  correc t  interpretatio n 
has bee n reached .  However ,  sinc e w e focu s o n literary ,  no t 
conversational ,  discourse ,  Cassi e i s no t  informe d b y a  huma n 
user  whe n sh e misunderstands .  A s lon g a s th e misunderstand -
in g i s compatibl e wit h furthe r  encounter s wit h th e wor d an d 
wit h he r  genera l  knowledge ,  ther e i s n o reaso n fo r  Cassi e t o 
revis e he r  understanding .  I f  furthe r  readin g lead s t o th e con -
clusio n tha t  a  previou s definitio n wa s wrong ,  Cassi e revise s 
her  understandin g withou t  explici t  instruction . 

Hasting s (1994 ;  Hasting s &  Lytine n 1994ab )  present s sev -
era l  version s o f  a  system ,  Camille ,  tha t  use s knowledg e o f  a 

give n domai n t o infe r  a  word' s meaning .  Hastings' s approac h 
i s lik e ours :  Th e goa l  i s  t o allo w th e syste m t o rea d an d 
acquir e wor d meaning s withou t  th e interventio n o f  a  huma n 
tutor .  Hi s approac h differs ,  however ,  i n th e type s o f  infor -
matio n sough t  a s th e meanin g o f  a  word ,  an d i n th e natur e 
of  th e K B .  Fo r  eac h domain ,  th e initia l  K B consiste d o f  a 
taxonom y o f  relevan t  object s an d actions .  Camill e attempt s 
t o plac e th e unknow n wor d appropriatel y i n th e domai n hi -
erarchy .  T o thi s basi c system ,  Hasting s ha s added :  a  mutua l 
exclusivit y constraint ;  a  scrip t  applie r  allowin g Camill e t o 
matc h th e unknow n wor d wit h a  know n wor d tha t  ha s filled 
th e sam e slo t  i n a  particula r  script ,  or ,  fo r  a  verb ,  wit h a  know n 
wor d whos e argument s matc h thos e o f  th e targe t  word ;  an d 
an abilit y  t o recogniz e th e existenc e o f  multipl e sense s fo r 
a word .  I n mos t  instances ,  th e meanin g sough t  appear s t o 
be synonym y wit h a  know n word ,  unlik e Cassie ,  whic h ca n 
creat e ne w concept s (define d i n term s o f  preexistin g ones) .  I n 
one version ,  however ,  Camill e i s give n th e capacit y t o creat e 
a ne w node ,  an d inser t  i t  int o th e domai n hierarchy .  This , 
however ,  i s  onl y availabl e fo r  unknow n nouns .  Verb s ca n b e 
"defined "  onl y b y mappin g the m t o thei r  closes t  synonyms . 
Hastings' s evaluatio n o f  Camille' s performanc e i s give n i n 
term s o f  "correctness "  o f  wor d meaning .  Hi s focu s i s o n th e 
comparativ e precisio n an d accurac y o f  th e variou s version s o f 
Camill e a s the y attemp t  t o m a p unknow n term s ont o know n 
nodes .  Fo r  us ,  suc h a  notio n o f  "correctness "  doe s no t  apply . 

Siskind' s (1996 )  focu s i s o n first-language  acquisitio n dur -
in g childhood ,  wherea s our s i s o n matur e cognitiv e agent s 
w ho alread y kno w a  larg e par t  o f  thei r  languag e an d ar e 
(merely )  expandin g thei r  vocabulary .  Siskin d take s a s give n 
(1 )  a n utterance ,  (2 )  a  simultaneou s visua l  perception ,  (3 ) 
a menta l  representatio n o f  th e situatio n perceived ,  whic h i s 
cause d b y it ,  an d (4 )  a n assumptio n tha t  th e utteranc e mean s 
tha t  menta l  representation .  Hi s algorithm s assig n part s o f 
th e mental-representatio n meanin g t o part s (words )  o f  th e ut -
terance .  Give n "multipl e situations, "  thes e algorithm s "con -
verge "  t o "correc t  word-to-meanin g mappings" .  Althoug h w e 
als o assum e a n utteranc e an d a  menta l  representatio n tha t  th e 
utteranc e means ,  Cassi e doe s no t  us e visua l  perceptio n t o pro -
duc e th e menta l  representation .  I n mos t  case s o f  reading ,  an y 
menta l  representatio n (includin g imagery )  woul d b e produce d 
by th e text ,  s o visua l  perceptio n o f  a  real-worl d situatio n doe s 
not  arise ,  excep t  fo r  illustrate d texts .  Althoug h Cassi e doe s no t 
use illustrations ,  sh e coul d i n principl e (Srihar i  1991 ,  Srihar i 
& Rapapor t  1989) .  Siskind' s syste m begin s wit h a  mappin g 
betwee n a  whol e meanin g an d a  whol e utterance ,  an d infer s 
mapping s betwee n thei r  parts .  Cassi e alread y ha s bot h o f 
thos e mapping s an d seek s t o infe r  definition-styl e relation s 
betwee n th e unknow n wor d an d th e res t  o f  th e K B .  More -
over ,  i t  doe s no t  mak e sens e i n ou r  theor y t o spea k o f  "correc t 
word-to-meanin g mappings" .  Finally ,  Siskin d claim s tha t 
hi s theor y provide s evidenc e fo r  "semanti c bootstrapping" — 
usin g semantic s t o ai d i n learnin g syntax .  I n contrast ,  Cassi e 
use s syntacti c bootstrappin g (usin g synta x t o ai d i n learnin g 
semantic s (Gleitma n 1990,1994)) ,  whic h seem s mor e reason -
abl e fo r  ou r  situation . 
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