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A p p l y i n g Con tex tua l  Constraint s i n S e n t e n c e C o m p r e h e n s i o n 

Mark F. St. John and James L. McClelland 

Carnegie-Mellon University 

The goal of our research has been to develop a model that converts a simple 
sentenc e int o a  conceptua l  representatio n o f  th e even t  tha t  th e sentenc e describes : 
specifically ,  a  mode l  tha t  convert s th e constituen t  phrase s o f  a  sentenc e int o a 
representatio n o f  a n event ,  tha t  assign s a  themati c rol e t o eac h constituen t  (Fillmore ,  1968) , 
and tha t  interpret s ambiguou s an d vagu e words .  I n ou r  model ,  th e comprehensio n proces s 
i s viewe d a s a  font n o f  constrain t  satisfaction .  Th e surfac e feature s o f  a  sentence ,  it s 
particula r  word s an d thei r  orde r  an d morpholog y provid e a  ric h se t  o f  constraint s o n th e 
sentence' s meaning .  Thes e constraint s var y i n strengt h an d comj>et e o r  cooperat e 
accordin g t o thei r  strengt h t o produc e a n interpretatio n o f  th e sentence . 

Determinin g th e exac t  constraints ,  an d thei r  appropriat e strengths ,  i s  difficult ,  bu t  a 
connectionis t  learnin g procedur e allow s a  mode l  t o lear n them .  Th e learnin g procedure s 
tak e a  statistica l  approac h t o th e task .  B y comparin g larg e number s o f  sentence s t o th e 
event s the y describe ,  th e many-to-man y mapping ,  betwee n feature s o f  th e sentence s an d 
events ,  emerge s a s statistica l  regularities . 

Ofte n a  sentenc e wil l  omi t  informatio n abou t  th e even t  i t  describes .  W e wante d ou r 
model  t o infe r  thi s missin g information :  t o represen t  th e even t  a s completel y a s possible . 
Sometimes ,  though ,  a  sentenc e i s compatibl e wit h mor e tha n on e interpretation .  I n "Th e 
privat e sho t  th e target, "  th e instrumen t  i s sometime s a  rifle ,  an d sometime s a  pistol .  I n 
suc h situations ,  a  goo d long-ter m strateg y i s t o represen t  eac h possibilit y  accordin g t o it s 
likelihoo d i n th e give n context . 

As eac h constituen t  o f  a  sentenc e i s processed ,  th e contex t  changes .  Th e processo r 
shoul d updat e it s inference s t o reflec t  th e changin g context .  I t  shoul d als o adjus t  it s 
interpretatio n o f  previou s material .  Th e mode l  shoul d utiliz e informatio n derive d from  th e 
sentenc e immediatel y (Carpente r  &  Just ,  1977 ;  Marslen-Wilso n &  Tyler ,  1980) .  I n all , 
therefore ,  w e hav e si x goal s fo r  ou r  mode l  o f  sentenc e comprehension : 

* to disambiguate ambiguous words * to elaborate implied roles 
*  t o instantiat e vagu e word s *  t o lear n t o perfor m thes e task s 
*  t o assig n themati c role s *  t o iirimediatel y adjus t  it s  interpretatio n 

Overview of the Model 
Processin g 

A sentenc e i s represente d a s a  sequenc e o f  phrase s an d eac h i s processe d i n turn . 
The informatio n eac h phras e provide s i s immediatel y use d t o updat e a  representatio n o f  th e 
event .  Thi s representatio n i s calle d th e sentenc e gestal t  becaus e al l  o f  th e informatio n fro m 
th e sentenc e i s represente d togethe r  withi n a  single ,  distribute d representation .  Th e even t 
describe d b y a  sentenc e i s represente d a s a  patte m o f  activit y acros s th e unit s o f  thi s 
representation . 

To proces s th e constituen t  phrase s o f  a  sentence ,  w e adapte d a n architectur e fro m 
Jorda n (1986 )  tha t  use s th e outpu t  o f  previou s processin g a s inpu t  o n th e nex t  iteration .  T o 
proces s a  phrase ,  th e appropriat e phras e unit s ar e activate d an d th e sentenc e gestal t 
activation s (initiall y  zero )  ar e copie d ove r  t o th e previou s sentenc e gestal t  units . 
Activatio n fro m thes e layer s combin e i n a  hidde n laye r  an d creat e a  ne w patte m ove r  th e 
sentenc e gestal t  unit s (se e Figur e 1) .  Eac h phras e o f  th e sentenc e i s processe d i n sequence . 

Thoug h othe r  model s hav e use d a  typ e o f  sentenc e gestal t  t o represen t  th e meanin g 
of  a  sentenc e (McClellan d &  Kawamoto ,  1986 ;  St .  Joh n &  McClellajid ,  1987) ,  our s i s th e 
first  t o mak e th e gestal t  a  trainabl e laye r  o f  hidde n units .  Th e advantag e i s tha t  th e 
networ k ca n optimiz e it s representatio n t o includ e onl y informatio n tha t  i s relevan t  t o it s 
task .  Sinc e a  laye r  o f  hidde n unit s canno t  b e traine d directly ,  w e invente d a  wa y o f 
"decoding "  th e representatio n int o a n outpu t  layer .  Th e outpu t  laye r  represent s th e even t  a s 
a se t  o f  themati c rol e an d filler  pairs .  Fo r  example ,  th e even t  describe d b y "Th e pitche r 
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Figur e 1 .  Th e architectur e o f  th e network .  Th e boxe s highligh t  th e functiona l  parts :  Are a 

A processe s th e phrase s int o th e sentenc e gestalt ,  an d Are a B  processe s th e sentenc e gestal t 

int o th e outpu t  representation. 

threw the ball" would be represented as the set {(agent, pitcher/ball-player), (action, 

threw/toss) ,  (patient ,  ball/sphere)) . 

T h e outpu t  laye r  ca n represen t  o n e role/fille r  pai r  a t  a  time .  T o d e c o d e a  particula r 

role/fille r  pair ,  th e sentenc e gestal t  i s  p robe d wit h hal f  o f  th e pair .  Activatio n f r o m th e 

prob e an d th e sentenc e gestal t  c o m b i n e i n anothe r  h idde n laye r  w h i c h the n activate s th e 

entir e pai r  i n th e outpu t  layer .  T h e entir e even t  ca n b e d e c o d e d i n thi s w a y b y 

successivel y probin g wit h eac h hal f  o f  eac h pair . 

W h en m o r e tha n on e objec t  ca n plausibl y fill  a  role ,  th e m o d e l  m a x i m i z e s it s  long -
ter m succes s b y activatin g eac h filler  t o th e degre e i t  i s  likely .  M o r e formally ,  th e 

activatio n o f  eac h filler  shoul d correspon d t o it s  conditiona l  probabilit y o f  occurrin g i n th e 

give n context .  T h e ne twor k shoul d lear n weight s t o p roduc e thes e activation s throug h 

training .  T o achiev e thi s goal ,  w e e m p l o y e d a n erro r  m e a s u r e i n th e learnin g procedure , 

cross-entrop y (Hinton ,  1 9 8 7 ) ,  tha t  converge s o n thi s goal : 

C =  -  I  [T j  log 2 (Aj )  +  (1-T )  log 2 (1-Aj) ] 

wher e T j  i s  th e targe t  activatio n an d A j  i s  th e outpu t  activatio n o f  uni t  j .  A s wit h an y 

connectionis t  learnin g procedure ,  th e goa l  i s  t o minimiz e th e erro r  measur e o r  cost-functio n 

(cf .  Hinton ,  1987) .  W h e n C  i s minimize d acros s al l  th e sentence s o f  th e trainin g corpus , 

th e activatio n o f  a  particula r  outpu t  uni t  i s  equa l  t o th e conditiona l  probabilit y  tha t 

whateve r  th e uni t  represent s i s tm e give n th e curren t  situation .  Specifically ,  i f  eac h uni t 

represente d th e occurrenc e o f  a  particula r  filler  i n a n event ,  tha t  unit' s  activatio n woul d 

represen t  th e conditiona l  probabilit y  o f  tha t  filler  occurrin g give n wha t  wa s currentl y 

k n o w n abou t  th e event .  I n minimizin g C ,  th e networ k i s searchin g fo r  weight s tha t  allo w i t 

t o matc h activation s t o conditiona l  probabilities . 

Environment and training 

Trainin g consist s o f  trial s i n whic h th e networ k i s presente d wit h a  sentenc e an d th e 

even t  i t  describes .  Th e networ k i s traine d t o generat e th e even t  fro m th e sentenc e a s input . 

Thes e sentence/even t  pair s wer e generate d on-lin e fo r  eac h trainin g trial .  S o m e pair s wer e 

mor e likel y t o b e generate d tha n others .  Ove r  training ,  thes e likelihoo d difference s 

translate d int o difference s i n trainin g frequenc y an d create d regularities . 

T o promot e immediat e processin g a  specia l  trainin g regim e i s used .  Afte r  eac h 

phras e ha s bee n processed ,  th e networ k i s traine d t o predic t  th e se t  o f  role/fille r  pair s o f  th e 

entir e sentence .  F ro m th e first  phras e o f  th e sentence ,  then ,  th e mode l  i s force d t o tr y t o 

predic t  th e entir e event .  Thi s trainin g procedur e force s th e mode l  t o d o a s m u c h 

immediat e processin g a s possible .  Consequently ,  a s eac h n e w phras e i s processed ,  th e 

model' s prediction s o f  th e even t  ar e refine d t o reflec t  th e additiona l  evidenc e i t  supplies . 

An illustration of processing 

As th e networ k processe s "Th e adul t  at e th e steak, "  th e sentenc e gestal t  ca n b e 

probe d t o se e wha t  i t  i s  representin g afte r  eac h phras e i s processe d (se e Figur e 2) .  Afte r 

processin g "th e adult, "  th e gestal t  represent s tha t  th e agen t  o f  th e even t  i s a n adult ,  an d i t 
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guesses weakly at a number of actions. Following "ate," the network encodes that 
informatio n an d expect s th e patien t  t o b e food .  Onc e "th e steak "  i s processed ,  th e networ k 
represent s stea k a s th e patien t  an d infer s tha t  knif e i s th e instrument .  I t  als o i s abl e t o 
revis e it s representatio n o f  th e agent .  Becaus e on e person ,  th e busdriver ,  i s  th e mos t 
frequen t  steak-eate r  i n th e corpus ,  th e networ k infer s tha t  th e adul t  fro m th e sentenc e i s th e 
busdriver .  I n thi s way ,  th e mode l  infer s missin g themati c role s an d immediatel y adjust s 
previou s result s (i n thi s cas e b y instantiatin g th e agent )  a s mor e informatio n become s 
available . 

Specifics of the Model 
Inpu t  representatio n 

Each phras e wa s encode d b y a  singl e uni t  representin g th e nou n o r  verb .  N o 
semanti c informatio n wa s provided .  Fo r  prepositiona l  phrases ,  th e prepositio n wa s encode d 
by a  secon d unit .  Th e passiv e voic e wa s encode d b y a  uni t  i n th e ver b phras e 
representation .  On e uni t  stoo d fo r  eac h o f  1 3 verbs ,  3 1 nouns ,  4  prepositions ,  3  adverbs , 
and 7  ambiguou s words .  T w o o f  th e ambiguou s word s ha d tw o ver b meanings ,  thre e ha d 
tw o nou n meanings ,  an d tw o ha d a  ver b an d a  nou n meaning .  Si x o f  th e word s wer e 
vagu e term s (e.g .  someone ,  something ,  an d food) . 

The relativ e locatio n o f  eac h phras e withi n th e sentenc e wa s als o encode d i n th e 
input .  I t  wa s code d b y fou r  unit s tha t  represen t  locatio n respectiv e t o th e verb :  pre-verbal , 
verbal ,  first-post-verbal,  an d n-post-verbal .  Th e first-post-verbal  uni t  wa s activ e fo r  th e 
phras e immediatel y followin g th e verb ,  an d th e n-post-verba l  uni t  wa s activ e fo r  an y phras e 
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Figur e 2 .  Th e evolutio n o f  th e sentenc e gestal t  durin g processin g o f  a  sentence .  Th e # 

correspond s t o th e numbe r  o f  phrase s tha t  hav e bee n presente d t o th e networi c a t  tha t  point . 

#1 mean s th e networ k ha s see n th e first  phrase ;  # 2 mean s i t  ha s see n th e first  tw o phrases ; 

etc .  Th e activation s (rangin g betwee n 0  an d 1 )  o f  a  samplin g o f  unit s ar e graphe d a s th e 

darkene d are a o f  eac h box .  B y probin g th e gestal t  wit h th e rol e hal f  o f  eac h role/fille r 

pair ,  th e even t  represente d b y eac h gestal t  ca n b e observed .  Th e rol e prob e an d th e 

activatio n leve l  o f  activ e fille r  unit s i n th e outpu t  laye r  ar e presente d fo r  eac h gestalt . 
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occurring after the first-post-verbal phrase. A number of phrases, therefore, could share the 
n-post-verba l  position .  Fo r  example ,  "Th e bai l  wa s hi t  b y someon e wit h th e ba t  i n th e 
park, "  wa s encode d a s th e ordere d se t  {(pre-verbal ,  ball) ,  (verbal ,  passive-voice ,  hit) ,  (first -

post-verbal ,  by ,  someone) ,  (n-post-verbal ,  with ,  bat) ,  (n-post-verbal ,  in ,  park)) . 

Output representation 

Th e outpu t  ha d on e uni t  fo r  eac h o f  9  possibl e themati c role s (e.g .  agent ,  action , 

patient ,  instmment )  an d on e uni t  fo r  eac h o f  2 8 concepts ,  1 4 actions ,  an d 3  adverbs . 

Additionally ,  1 3 "feature "  units ,  lik e male ,  female ,  an d adult ,  wer e include d i n th e outpu t 

t o allo w th e demonstratio n o f  mor e subtl e effect s o f  constraint s o n interpretation .  A n y on e 

role/fille r  pattern ,  then ,  consiste d o f  tw o parts :  fo r  th e role ,  on e o f  th e 9  rol e unit s wa s 

active ,  an d fo r  th e filler,  a  uni t  representin g th e concept ,  action ,  o r  adver b wa s active .  I f 

relevant ,  an y o f  th e featur e unit s o r  th e passiv e voic e uni t  wer e active .  Thi s 

representatio n i s no t  mean t  t o b e comprehensive .  Instead ,  i t  i s  mean t  t o b e a  convenien t 

way t o trai n an d demonstrat e th e processin g abilitie s o f  th e network . 

Training environment 

Whil e th e sentence s ofte n includ e ambiguou s o r  vagu e words ,  th e event s ar e alway s 

specifi c  an d complete :  eac h themati c rol e relate d t o a n actio n i s filled  b y som e specifi c 

concept .  Accordingly ,  eac h actio n occur s i n a  particula r  location ,  an d action s requirin g a n 

instrumen t  alway s hav e a  specifi c  instmment .  Th e even t  woul d b e generate d b y pickin g 

concept s t o fill  eac h themati c rol e relate d t o th e even t  accordin g t o prese t  probabilities . 

The probabilit y  o f  selectin g eac h concep t  depende d upo n wha t  els e ha d bee n selecte d fo r 

tha t  event .  (Conversely ,  th e sentence s ofte n omi t  themati c role s (e.g .  instrumen t  an d 

location )  fro m mentio n an d us e vagu e word s (e.g .  someon e an d something )  t o refe r  t o part s 

of  a n event . 

Th e sentence s ha d t o b e limite d i n complexit y becaus e o f  limitation s i n th e even t 

representation .  Onl y on e filler  coul d b e assigne d t o a  rol e i n a  particula r  sentence .  Also , 

al l  th e role s ar e assume d t o belon g t o th e sentenc e a s a  whole .  Therefore ,  n o embedde d 

clause s o r  phrase s attache d t o singl e constituent s wer e possible . 
On eac h trainin g trial ,  th e error ,  i n term s o f  cross-entropy ,  wa s propagate d 

backwar d throug h th e networ k (cf .  Rumelhart ,  Hinton ,  &  Williams ,  1986) .  Th e weigh t 

change s fro m eac h tria l  wer e adde d togethe r  an d use d t o updat e th e weight s ever y 6 0 trials . 

Thi s consolidatio n o f  weigh t  change s tend s t o smoot h ou t  th e aberration s cause d b y th e 

rando m generatio n o f  trainin g examples . 

Performance 
Processin g i n genera l 

The simulatio n wa s stoppe d an d evaluate d afte r  330,00 0 sentenc e trials .  First ,  w e 

wil l  asses s th e model' s abilit y  t o comprehen d sentence s generally .  The n w e wil l  examin e 

th e model' s abilit y  t o fulfil l  ou r  specifi c  processin g goals .  O n e hundre d sentence s wer e 

draw n randoml y from  th e corpus .  Th e probabilit y  o f  drawin g a  sentenc e wa s th e sam e a s 

durin g training .  Consequently ,  frequently  practice d sentence s wer e mor e c o m m o n a m o n g 

th e 10 0 tes t  sentence s tha n infrequentl y practice d sentences .  Thirtee n o f  thes e sentence s 

wer e completel y ambiguous .  Fo r  example ,  th e sentence ,  'Th e adul t  dran k th e iced-tea, " 

ca n b e instantiate d wit h eithe r  busdrive r  o r  teache r  a s th e agent ,  bu t  th e sentenc e offer s n o 

clue s tha t  busdrive r  i s th e correc t  agen t  i n thi s particula r  sentence/even t  pai r  i n th e tes t  set . 

I f  ih e wor d related  t o th e concep t  appeare d i n a  prepositiona l  phrase ,  suc h a s wit h th e knife, "  th e 
appropriat e prepositio n uni t  wa s als o activated . 

A second output layer was included in the simulations. This layer reproduced the input phrase that fit with 
th e role/fille r  pai r  bein g probed .  Consequently ,  th e mode l  wa s required  t o retain  th e specifi c  word s i n th e 
sentenc e a s wel l  a s thei r  meaning .  Sinc e thi s aspec t  o f  th e processin g doe s no t  fit  int o th e contex t  o f  th e 
curren t  discussion ,  thes e unit s ar e no t  discusse d further . 
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Figur e 3 .  Histogra m o f  th e cross-entrop y fo r  frequency-biase d rando m sentences . 

Sentence s tha t  wer e processe d almos t  perfectl y produce d a  smal l  cross-entrop y measur e o f 

betwee n 0  an d 10 :  onl y smal l  error s occurre d whe n a n outpu t  uni t  shoul d hav e bee n 

completel y activat e (wit h a  valu e o f  1) ,  bu t  onl y obtaine d a n activatio n o f  . 7 o r  .8 ,  o r  whe n 

a uni t  shoul d hav e ha d a n activatio n o f  0 ,  bu t  ha d a n activatio n o f  . 1 o r  .2 .  Th e incorrec t 

activatio n o f  on e role/fille r  pai r  produce d a  large r  cross-entropy :  betwee n 1 5 an d 20 .  Fo r 

example ,  i f  teache r  wer e suppose d t o b e th e agent ,  bu t  th e networ k activate d busdriver ,  a n 

erro r  o f  abou t  1 5 woul d result . 

Since the network cannot predict the event, these sentences were not tested. The remaining 

sentence s w e r e tested ,  an d figure  3  present s a  histogra m o f  th e results .  Nearl y ever y 

sentenc e w a s processe d correctly . 

Performance on specific processes 

O ur  specifi c  interes t  w a s t o develo p a  processo r  tha t  coul d correctl y perfor m severa l 

importan t  languag e comprehens io n processes .  Fiv e typica l  sentence s we r e d r a w n f ro m th e 

corpu s t o tes t  eac h processin g task .  T h e rol e assignmen t  categor y w a s divide d int o group s 

accordin g t o th e primar y typ e o f  informatio n used .  Sentence s i n th e active-voic e semanti c 

g rou p contai n semanti c informatio n relevan t  t o assignin g roles .  I n th e examp l e i n Tabl e 1 , 

th e ne twor k assign s schoolgir l  t o th e rol e o f  agent .  O f  th e concept s referre d t o i n th e 

sentence ,  onl y th e schoolgir l  ha s feature s w h i c h m a t c h a n agen t  o f  stirring .  Similarly , 

semanti c k n o w l e d g e constraint s kool-ai d t o b e th e patient .  Sentence s i n th e passive-voic e 

semanti c categor y w o r k similarly .  T h e m o d e l  processe d eac h tes t  sentenc e correctly . 

T o proces s sentence s i n th e activ e an d passiv e w o r d orde r  categories ,  howeve r ,  th e 

ne twor k canno t  rel y entirel y o n semanti c constraint s t o assig n themati c roles .  I n th e 

sentence ,  " T h e busdrive r  w a s kisse d b y th e teacher, "  th e busdrive r  i s  a s likel y t o b e th e 

Categor y 

Rol e assignmen t 

Activ e semanti c 

Passiv e semanti c 

Activ e wor d orde r 

Passiv e wor d orde r 

W o r d ambiguit y 

Concep t  instantiatio n 

Rol e elaboratio n 

Processin g task s 

Example 

The schoolgirl stirred the kool-aid with a spoon. 

The bal l  wa s hi t  b y th e pitcher . 

Th e busdrive r  gav e th e ros e t o th e teacher . 

Th e busdrive r  wa s kisse d b y th e teacher . 

Th e pitche r  hi t  th e ba t  wit h th e bat . 

Th e teache r  kisse d someone . 

Th e teache r  at e th e sou p (wit h a  spoon) . 

Tabl e 1 .  Th e fou r  categorie s o f  processin g task s an d a n exampl e sentenc e o f  each .  Rol e 

assignmen t  wa s teste d unde r  fou r  condition s t o asses s th e us e o f  bot h semantic-an d wor d 

orde r  information .  Th e remainin g thre e categorie s involv e inference s abou t  th e conten t  o f  a 

sentence .  Th e parenthese s i n th e rol e elaboratio n exampl e denot e a  rol e tha t  i s no t 

presente d i n th e sentence ,  an d mus t  b e inferre d from  th e context . 
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agent as the patient. Only the relative location information, in conjunction with the 

passiv e cues ,  ca n cu e th e correc t  rol e assignments .  I n activ e sentences ,  th e pre-verba l 

phras e i s th e agen t  an d th e post-verba l  phras e i s th e patient .  I n passiv e sentences ,  o n th e 

othe r  hand ,  th e pre-verba l  phras e i s th e patien t  an d th e post-verba l  phras e i s th e agent .  Th e 

model  processe d eac h tes t  sentenc e correctly . 

Th e remainin g thre e categorie s involv e th e us e o f  contex t  t o furthe r  specif y th e 

concept s referre d t o i n a  sentence .  Sentence s i n th e wor d ambiguit y categor y contai n 

ambiguou s words .  Whil e th e wor d itsel f  cue s tw o differen t  interpretations ,  th e contex t  fits 

onl y one .  I n "Th e pitche r  hi t  th e ba t  wit h th e bat, "  pitche r  cue s bot h containe r  an d bal l 

player .  Th e contex t  cue s bot h bal l  playe r  an d busdrive r  becaus e th e mode l  ha s see n 

sentence s involvin g bot h peopl e hittin g bats .  Al l  th e constraint s supportin g bal l  playe r 

combine ,  an d togethe r  the y wi n th e competitio n fo r  th e interpretatio n o f  th e sentence . 

Eve n whe n severa l  word s o f  a  sentenc e ar e ambiguous ,  th e even t  whic h the y suppor t  i n 

c o m m on dominate s th e disparat e event s tha t  the y suppor t  individually .  Consequently ,  th e 

final  interpretatio n o f  eac h wor d fits  togethe r  int o a  globall y consisten t  event .  Fo r  eac h tes t 

sentence ,  eve n whe n severa l  word s wer e ambiguous ,  th e mode l  performe d correctly . 

Concep t  instantiatio n work s similarly .  Thoug h th e wor d cue s a  numbe r  o f  mor e 

specifi c  concepts ,  onl y on e fits  th e context .  Again ,  th e constraint s fro m th e wor d an d fro m 

th e contex t  combin e t o produc e a  unique ,  specifi c  interpretatio n o f  th e term .  Dependin g 

upo n th e sentence ,  however ,  th e contex t  m a y onl y partiall y  constrai n th e interpretation . 

Such i s th e cas e i n "Th e teache r  kisse d someone. "  "Someone "  coul d refe r  t o an y o f  th e 

fou r  peopl e foun d i n th e corpus .  Since ,  i n th e network' s experience ,  female s onl y kis s 

males ,  th e contex t  constrain s th e interpretatio n o f  "someone "  t o b e eithe r  th e busdrive r  o r 

th e pitcher ,  bu t  n o further .  Consequently ,  th e mode l  activate s th e mal e an d perso n feature s 

of  th e patien t  w h U e leavin g th e unit s representin g busdrive r  an d pitche r  partiall y  an d 

equall y active .  I n general ,  th e mode l  i s capabl e o f  inferrin g a s m u c h informatio n a s th e 

evidenc e permits :  th e mor e evidence ,  th e mor e specifi c  th e inference . 

Finally ,  sentence s i n th e rol e elaboratio n categor y tes t  th e model' s abilit y  t o infe r 

themati c role s no t  mentione d i n th e inpu t  sentence .  Fo r  example ,  i n "Th e teache r  at e th e 

soup, "  n o instrumen t  i s mentioned ,  ye t  a  spoo n ca n b e inferred .  Here ,  th e contex t  alon e 

provide s th e constraint s fo r  makin g th e inference .  Extr a role s tha t  ar e ver y likel y ar e 

inferre d strongly .  W h e n th e role s ar e les s likely ,  o r  w h e n mor e tha n on e concep t  ca n fill  a 

role ,  th e concept s ar e onl y wea k inferred .  Again ,  th e mode l  processed  eac h tes t  sentenc e 

correctly . 

Conclusions 

Paralle l  Distribute d Processin g model s hav e a  numbe r  o f  qualitie s tha t  m a k e the m 
usefu l  a s model s o f  languag e comprehension .  First ,  the y allo w th e simultaneou s processin g 

of  man y constraints .  Eac h bi t  o f  relevan t  informatio n ca n b e applie d t o a  computation . 

Thi s featur e allow s fa r  greate r  interactio n betwee n constraint s i n computin g a n 

interpretatio n o f  a  sentence .  A s Marcu s (1980 )  point s out ,  th e competitio n an d cooperatio n 

among constraint s o f  varyin g strengt h i s a n essentia l  aspec t  o f  comprehension .  Second , 

P DP model s allo w th e strengt h o f  constraint s t o var y o n a  continuu m rathe r  tha n discretely . 

Informatio n m a y b e mor e o r  les s reliable ,  an d correlation s m a y b e mor e o r  les s strong . 

The activatio n leve l  o f  a  uni t  allow s th e qualit y o f  th e informatio n t o b e represente d 

explicitl y  an d combine d effectively .  Thi s featur e allow s quantitativ e interactio n amon g 

constraints .  Third ,  P D P model s naturall y perfor m parte m completion .  Give n som e input , 

th e model s ad d defaul t  infomiatio n t o produc e a n elaborate d representation .  Lnportantly , 

thi s defaul t  informatio n i s tailore d t o th e specifi c  inpu t  presented .  Thi s featur e allow s 

contex t  specifi c  inference s abou t  th e inpu t  t o b e computed . 

Becaus e P D P model s learn ,  usefu l  an d comple x constraint s develo p o f  thei r  o w n 

accord .  Thi s leamin g proces s i s slow ,  requirin g a  grea t  dea l  o f  practice .  Whil e 

comprehensio n involvin g stron g an d regula r  constraint s ar e learne d relativel y rapidly , 

irregula r  an d comple x constraint s ar e onl y leame d ver y slowly .  Earl y on ,  therefore ,  th e 

networ k begin s t o perfor m passably ,  an d i t  slowl y improve s t o correctl y proces s mor e 
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sentences. 
The mode l  handle s ambiguit y robustl y b y processin g th e inpu t  i n term s o f 

constraint s o n a  conceptua l  representatio n o f  a n event .  Withi n thi s framework ,  wor d 
disambiguatio n an d concep t  instantiatio n ar e simila r  processes .  Bot h ambiguou s word s an d 
vagu e term s provid e conflictin g constraint s o n thei r  interpretation .  Th e constraint s fro m th e 
wor d itsel f  an d additiona l  constraint s fro m it s contex t  provid e evidence ,  respectively ,  fo r 
th e genera l  an d specifi c  feature s o f  th e concep t  referre d to .  Rol e elaboratio n i s similar ,  bu t 
at  th e leve l  o f  interpretin g th e sentenc e a s a  whole .  Th e feature s o f  th e sentenc e provid e 
constraint s o n th e unsf)ecifie d feature s o f  th e event ,  suc h a s implici t  themati c role s lik e 
location ,  instrument ,  an d manner .  Whe n mor e tha n on e role/fille r  i s  likely ,  eac h i s 
represente d accordin g t o it s conditiona l  probability . 

The interpretatio n o f  a  sentenc e evolve s a s eac h wor d i s presente d t o th e network . 
The mode l  sequentiall y  processe s eac h wor d an d immediatel y adjust s it s interpretatio n o f 
ol d informatio n an d create s expectation s o f  additiona l  informatio n a s i t  attempt s t o 
represen t  th e entir e conceptua l  event . 

The mode l  cannot ,  however ,  represen t  sentence s wit h embedde d clauses .  Extendin g 
th e mode l  t o represen t  mor e comple x sentence s i s a n importan t  goal .  Meanwhile ,  w e hav e 
learne d a  grea t  dea l  abou t  viewin g sentenc e comprehensio n a s a  proces s o f  wea k constrain t 
satisfaction . 
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