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Abstrac t 

Human language processing relies on many kinds of linguistic 
knowledge ,  an d i s sensitiv e t o thei r  frequency ,  includin g lexi -
cal  frequencie s (Tyler ,  1984 ;  Salaso o &  Pisoni ,  1985 ;  Marslen -
Wilson ,  1990 ;  Zwiteerlood .  1989 ;  Simpso n &  Burgess ,  1985) , 
idio m frequencie s (d'Arcais ,  1993) .  phonologica l  neighbor -
hood frequencie s (Luce .  Pisoni ,  &  Goldfinger ,  1990) ,  subcate -
gorizatio n frequencie s (Trueswell ,  Tanenhaus ,  &  Kello ,  1993) , 
and themati c rol e frequencie s (Trueswell ,  Tanenhaus ,  &  Gar -
nsey ,  1994 ;  Gamsey ,  Pearlmutter ,  Myers ,  &  Lotocky ,  1997) . 
But  whil e w e kno w tha t  eac h o f  thes e knowledg e source s mus t 
be probabilistic ,  w e kno w ver y littl e abou t  exactl y ho w thes e 
probabilisti c  knowledg e source s ar e combined .  Thi s pape r  pro -
pose s th e us e o f  Bayesia n decisio n tree s i n modelin g th e prob -
abilistic ,  evidentia l  natur e o f  huma n sentenc e processing .  Ou r 
metho d reifie s conditiona l  independenc e assertion s implici t  i n 
sign-base d linguisti c theorie s an d describe s interaction s amon g 
feature s withou t  requirin g additiona l  assumption s abou t  modu -
larity .  W e sho w tha t  ou r  Bayesia n approac h successfull y mod -
el s psycholinguisti c result s o n evidenc e combinatio n i n huma n 
lexical ,  idiomatic ,  an d syntactic/semanti c processing . 

I n t roduc t i o n 

M a ny m o d e m psychologica l  model s o f  languag e process -

in g ar e base d o n th e on-lin e interactio n o f  man y kind s o f 

linguisti c knowledge ,  (Clifton ,  Speer ,  &  Abney ,  1991 ;  Fer -

reir a &  Clifton ,  1986 ;  MacDonald ,  1994 ;  Spivey-Knowlton , 

Trueswell ,  &  Tanenhaus ,  1993 ;  Trueswel l  etai ,  1994 ;  lyier , 

1989) .  Althoug h th e exac t  time-cours e o f  th e us e o f  thes e 

differen t  knowledg e source s i s no t  ye t  full y  understood ,  i t 

i s  clea r  tha t  th e processin g o f  thi s knowledg e i s  sensitiv e 

t o frequency ,  from  lexica l  frequencie s (lyier ,  1984 ;  Salaso o 

& Pisoni ,  1985 ;  Marslen-Wilson ,  1990 ;  Zwitserlood ,  198 9 

Simpso n &  Burgess ,  1985) ,  idio m frequencies  (d'Arcais , 

1993) ,  phonologica l  neighborhoo d frequencies  (Luc e e t  al . 

1990) ,  subcategorizatio n frequencie s (Trueswel l  e t  al ,  1993 ) 

and themati c rol e frequencie s (Trueswel l  e t  al. ,  1994 ;  Ga r 

nse y e t  al ,  1997) .  Probabilisti c  version s o f  linguisti c know l 

edg e ar e als o becomin g c o m m o n i n linguistic s (Resnik ,  199 3 

1992 ;  Jurafsky ,  1996) . 

But  whil e w e k n o w tha t  eac h o f  thes e knowledg e source s 

must  b e probabilistic ,  an d i n fac t  w e hav e preliminar y prob -

abilisti c  model s o f  som e specifi c  linguisti c levels ,  w e kno w 

ver y littl e abou t  exactl y h o w thes e probabilisti c  knowledg e 

source s ar e combined .  Thi s i s particularl y tru e wit h highe r 

leve l  knowledge ,  wher e th e associatio n o f  probabilitie s wit h 

sophisticate d linguisti c structura l  representatio n ha s onl y re -

centl y begun .  Ca n a  coheren t  probabilisti c  interpretatio n b e 

give n fo r  th e proble m o f  languag e interpretatio n a t  differen t 

levels ? Wha t  kind s o f  conditiona l  independenc e assumption s 

ca n w e mak e i n combinin g knowledge ,  an d ho w ca n w e rep -

resen t  thes e assumptions ? H o w ca n sophisticate d linguis -

ti c  structura l  knowledg e b e combine d wit h probabilisti c  aug -

mentations ? Th e automati c speec h processin g (ASR )  an d nat -

ura l  languag e processin g (NLP )  literatur e (Bahl ,  Jelinek ,  & 

Mercer ,  1983 ;  Fujisaki ,  Jelinek ,  Cocke ,  & .  Black ,  1991 ;  Char -

nia k & .  Goldman ,  1988 ;  Hobb s &  Bear ,  1990 )  hav e argue d 

tha t  languag e processin g mus t  b e evidentia l  an d Bayesian . 

Thi s pape r  propose s th e us e o f  Bayesia n decisio n tree s t o ad -

dres s th e issue s i n modelin g th e probabilistic ,  evidentia l  na -

tur e o f  huma n sentenc e processing . 

Basic Result 

The idea that lexical access is parallel is well-accepted (Swin-

ney ,  1979) ,  an d i t  i s  als o widel y assume d tha t  a t  leas t  som e 

aspect s o f  syntacti c processin g ar e paralle l  (Gorrell ,  1989 ; 

MacDonald ,  1993) .  Similarl y well-accepte d i s th e rol e tha t 

frequenc y play s i n lexica l  (Marslen-Wilson ,  1990 ;  Salaso o & 

Pisoni ,  1985 ;  Simpso n & .  Burgess ,  1985 ;  Zwitserlood ,  1989) , 

idiomati c (d'Arcais ,  1993) ,  syntacti c (Trueswel l  etal ,  1993) , 

and themati c processin g (Trueswel l  e t  al ,  1994 ;  Gamse y 

etal ,  1997) . 

Jurafsk y (1996 )  argue d tha t  a  Bayesia n mode l  (i.e .  usin g 

posterio r  probabilitie s rathe r  tha n frequencies)  wa s als o abl e 

t o accoun t  fo r  a  numbe r  o f  effect s tha t  wer e no t  explainabl e 

by a  frequentist  model ,  includin g th e intuition s o f  th e Cacciar i 

and Taboss i  (1988 )  result s o n idio m access ,  th e Luc e e t  a l 

(1990 )  result s o n similarit y neighborhoods ,  an d th e insigh t  o f 

Tanenhau s an d Luca s (1987 )  tha t  psycholinguisti c evidenc e 

of  top-dow n effect s i s ver y c o m m o n i n phonology ,  bu t  muc h 

rare r  i n syntax . 

But  complet e probabilisti c  model s o f  syntacti c an d seman -

ti c processin g hav e bee n m u c h harde r  t o build .  Fo r  example , 

a numbe r  o f  studie s hav e focuse d o n th e main-ver b ( M V ) , 

reduce d relativ e (RR )  ambiguit y (Frazie r  &  Rayner ,  1987 ; 

MacDonald ,  1993 ;  MacDonald ,  Pearhnutter ,  &  Seidenberg , 

1994 ;  Spivey-Knowlto n &  Sedivy ,  1995 ;  Trueswel l  & .  Tanen -

haus ,  1994 ,  1991 ;  Traeswel l  etal ,  1994 ;  Spivey-Knowlto n 

& Sedivy ,  1995) .  I n man y case s th e M V / R R ambiguit y  i s re -

solve d i n favo r  o f  th e Mai n Claus e readin g leadin g t o a  garde n 
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pat h analysis . 

1. # The horse raced past the bam fell. 

Proponents of the constraint satisfaction model have ar-

gued tha t  thi s ca n b e accounte d fo r  b y th e differen t  lexi -

cal/morphologica l  frequencies  o f  th e preterit e an d particip -

ia l  form s o f  th e ver b race d (MacDonald ,  1993 ;  Simpso n & 

Burgess ,  1985) . 

But  i n othe r  cases ,  constraint s o n ver b subcategorizatio n 

permi t  th e R R interpretation .  Th e ver b found ,  fo r  example ,  i s 

transitive ,  an d s o doesn' t  caus e a s stron g a  garde n pat h i n th e 

RR interpretatio n (Pritchett ,  1988 ;  Gibson .  1991) : 

2. a. The horse carried past the bam fell. 

b.  Th e bir d foun d i n th e roo m died . 

Studie s hav e als o foun d probabilisti c  effect s o f  ver b sub -

categorizatio n preference s (Jurafsky ,  1996 ;  True s wel l  e t  al , 

1993) .  Fo r  exampl e Jurafsk y (1996 )  suggeste d tha t  th e 

garden-pat h effec t  coul d b e cause d b y a  combinatio n o f 

lexical ,  syntactic ,  an d ver b subcategorizatio n probabilities . 

Mor e recen t  studie s hav e suggeste d tha t  semanti c contex t 

and themati c fit  ca n als o impac t  disambiguation .  Fo r  in -

stanc e True s wel l  e t  al .  (1994 )  showe d tha t  stron g themati c 

constraint s wer e als o abl e t o ameliorat e garde n pat h effect s 

i n R R / M V ambiguities ;  subject s experience d difficult y a t  th e 

phras e "b y th e lawyer "  onl y i n th e first  o f  th e followin g thre e 

examples :  ' 

3. a. The witness examined by the lawyer tumed out to 

be unreliable . 

b.  Th e witnes s w h o wa s examine d b y th e lawye r 

tume d ou t  t o b e unreliable . 

c.  Th e evidenc e examine d b y th e lawye r  tume d ou t 

t o b e unreliable . 

Thus assorte d previou s wor k ha s argue d tha t  variou s prob -

abilisti c  knowledg e source s eac h pla y a  rol e i n processing ; 

but  ho w exacd y ar e thes e probabilitie s t o b e combined ? Ou r 

model  i s  base d o n 3  assumptions :  linguisti c knowledg e i s rep -

resente d probabilistically ,  multipl e interpretation s ar e main -

taine d i n parallel ,  an d th e probabilitie s o f  thes e interpretation s 

can b e compute d vi a a  Belie f  ne t  ('probabilisti c  independenc e 

net') .  Give n th e probabilitie s an d th e Baye s formalism ,  th e 

model  explain s a  numbe r  o f  psychologica l  results .  Th e nex t 

sectio n explain s wha t  w e mea n b y 'assignin g probabilitie s t o 

linguisti c stioicture' .  W e the n inti-oduc e th e probabilisti c  inde -

pendenc e ne t  formalis m fo r  combinin g differen t  probabilities . 

Finally ,  w e examin e h o w wel l  th e mode l  stand s u p t o variou s 

psychologica l  results . 

Prior Probabilities 

We assum e tha t  linguisti c knowledg e i s represente d a s a  col -

lectio n o f  sign s o r  constructions ,  eac h o f  whic h represent s 

a conventionalize d pairin g o f  meanin g an d form ,  an d eac h 

of  whic h i s represente d a s sign s i n type d unification-base d 

augmente d context-fre e rule s (Pollar d &  Sag ,  1987 ;  Fill -

more ,  1988) .  Thu s words ,  morphologica l  stî cture s (lik e th e 

•e d pas t  tens e morpheme) ,  an d syntacti c constioiction s (lik e 

th e passiv e constinction )  ar e eac h represente d a s 'construc -

tions'.  Eac h o f  thes e construction s i s associate d wit h a  prio r 

probability ,  whic h ca n b e compute d from  relativ e frequen -

cie s from  corpor a o r  normin g studies .  ^  Fo r  example ,  i n 

orde r  t o comput e th e probabilit y  o f  th e simplifie d Stochas -

tic  Context-Fre e G r a m m a r  ( S C F G )  rul e i n (1) ,  w e ca n us e th e 

Penn Treeban k (Marcu s e t  al ,  1993 )  t o ge t  a  frequenc y fo r 

al l  N P s (52,627) ,  an d the n fo r  thos e NP' s whic h consis t  o f  a 

Det  an d a n N  (33,108) .  Th e conditiona l  probabilit y  i s  the n 

33,108/52,627=.63 . 

(1) [.63] NP -y DetN 

Similarly, verb subcategorization probabilities can be com-

pute d fro m th e Treeban k o r  from  normin g studie s lik e Con -

nin e e t  al .  (1984) .  Themati c probabilitie s ca n b e compute d 

by normalizin g ver b bia s norms ,  fo r  exampl e fro m Garnse y 

etal .  (1997) .  Tabl e 1  show s som e lexica l  probabilities ,  fo r  th e 

ver b examine ,  includin g morphological ,  subcategorization , 

an d themati c probabilities .  Th e themati c probabilitie s wer e 
compute d b y usin g psychologica l  normin g studie s (Tmeswel l 

et  al. ,  1994 )  t o quantif y th e degre e o f  fit  betwee n a  specifi c 

filler  (suc h a s "witness" )  t o a  specifi c  argumen t  slo t  ("agent " 

or  "theme" )  give n a  predicat e ver b ("examined") .  Thi s infor -

matio n ca n als o b e obtaine d from a  semanti c databas e (lik e 

WordNet )  a s wa s don e b y Resni k (Resnik ,  1993) .  Se e Juraf -

sk y (1996 )  fo r  furthe r  detail s o f  th e probabilit y  computations . 

Table 1: Lexical and Thematic fit probabilities for examined. 

Not e "A "  refer s t o Agent ,  "e "  t o examined ,  "ev "  t o evidence , 

" w "  t o witness ,  an d " T '  t o theme . 

Past 

.3 9 
F(A|w,e ) 

.64 2 

PP 
.6 1 

P ( T w , e ) 

.35 8 

Tran s 

.9 4 
P(A|ev,e ) 

.1 8 

Inti-a n 

.0 6 
P(T|ev,e ) 

.8 2 

'Althoug h th e origina l  stud y b y Ferreir a an d Clifto n (1986 )  ha d 
not  foun d semanti c effects ,  Trueswel l  e t  al .  (1994 )  use d a  stronge r 
manipulatio n o f  themati c constraint . 

C o n s t r u c t i o n P rocess in g vi a Belie f  net s 

Bayesia n belie f  network s ar e data-stmcture s tha t  represen t 

probabilit y  distribution s ove r  a  collectio n o f  rando m vari -

ables .  Th e basi c networ k consist s o f  a  se t  o f  variable s an d 

directe d edge s betwee n variables .  Eac h variabl e ca n tak e o n 

on e o f  a  finite  se t  o f  states .  Th e variable s an d edge s togethe r 

for m a  directe d acycli c  graph(DAG) .  Fo r  eac h variabl e A  ( a 

nod e i n th e graph )  wit h parent s B i , . . .Bn ,  ther e i s a n at -

tache d conditiona l  probabilit y  tabl e P{A\Bi,. . .  , B n ) .  Im -

portantly ,  th e networ k stî ctur e reflect s conditiona l  indepen -

^See (Roland & Jurafsky, 1998; Merlo. 1994; Gibson & Pearl-
mutter ,  1994 )  fo r  comparison s o f  experimenta l  an d corpus-base d 
frequencies . 
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Sy-tKll e LiilcaimMiiull c 
o n 

Dac.Mr M 
ContK l 

P(cle*,e ) 

Oflhognphi c Evkltnc * 

Join t  cjuu l  M K i M M 

Con»tnictlon(c1,c2....) 

^notllc InlKMnc* 

PhofwUc EvMme* 

Figur e 1 :  Source s o f  evidenc e fo r  access ,  an d a  Belie f  net -

wor k representin g th e rol e o f  top-dow n an d bottom-u p evi -

dence . 

dence relations between variables, which allow a decompo-

sitio n o f  th e join t  distributio n int o a  produc t  o f  conditiona l 

distributions .  Th e followin g theore m set s u p th e basi c chai n 

rul e whic h i s use d fo r  computin g th e join t  distributio n fro m 

th e conditiona l  distribution. ' 

T h e o r e m 1  .  Jense n (1995 )  Le t  B  b e a  Belie f  networ k ove r 

U =  {Ai,... ,  A m }  •  The n th e join t  probabilit y  distributio n 

P(  U )  i s th e produc t  o f  th e loca l  conditiona l  probabilit y  distri -

bution s specifie d i n B : 

P{U) = X[P{Ai\pa{A,)) (1) 

i 

where pa,{Ai) is the parent set of Ai. 

Th e crucia l  insigh t  o f  ou r  Belie f  ne t  mode l  i s  t o vie w 

specifi c  construction s a s value s o f  laten t  variable s tha t  ren -

der  top-dow n (e"*" )  an d bottom-u p evidenc e ( e ~ )  condi -

tionall y independen t  (d-separat e the m (Pearl ,  1988)) .  Thu s 

syntactic ,  lexical ,  argumen t  structure ,  an d othe r  contextua l 

informatio n act s a s prio r  o r  causa l  suppor t  fo r  a  construc -

tion/interpretation ,  whil e bottom-u p phonologica l  o r  grapho -

logica l  an d othe r  perceptua l  informatio n act s a s likelihood , 

evidential ,  o r  diagnosti c support .  Figur e 1  show s a  computa -

tiona l  realizatio n o f  thi s idea . 

Usin g Behe f  net s t o mode l  h u m a n sentenc e processin g al -

low s u s t o a )  quantitativel y evaluat e th e impac t  o f  differen t 

independenc e assumption s i n a  unifor m framework ,  b )  di -

rectl y mode l  di e impac t  o f  highl y structure d linguisti c knowl -

edg e source s wit h loca l  conditiona l  probabilit y  tables ,  whil e 

wel l  k n o w n algorithm s fo r  updatin g th e Belie f  ne t  (Jense n 

(1995) )  ca n comput e th e globa l  impac t  o f  ne w evidence ,  an d 

c )  develo p a n on-lin e interpretatio n algorithm ,  wher e partia l 

inpu t  correspond s t o partia l  evidenc e o n th e network ,  an d 

th e updat e algorith m appropriatel y marginalize s ove r  unob -

serve d nodes .  S o a s evidenc e come s i n incrementally ,  dif -

feren t  node s ar e instantiate d an d th e posterio r  probabilit y o f 

differen t  construction s change s appropriately . 

V fc-iftminc-t^  lyije_of(Subj )  =  *itnL* s 

P(T  I V. lyiSubJh 

SemAntic^fa 

P(Tevi\v ) 

Tens e 

Tense =  pas t 
MV S e m ^t  =  Agen t 

th m 

Ar g -  iron s 
Tens e =  p p 
Semfi t  =  Them e 

thm 

Figur e 2 :  Th e Belie f  ne t  tha t  represent s lexica l  suppor t  fo r  th e 

tw o interpretation s fo r  th e sam e input .  Th e inpu t  i s fro m dat a 

i n Tabl e 1 . 

To appl y ou r  mode l  t o on-lin e disambiguation ,  w e assum e 

tha t  ther e ar e a  se t  o f  construction s ((ci,.. .  c„ )  e  C )  tha t 

ar e consisten t  wit h th e inpu t  data .  A t  differen t  stage s o f  th e 

input ,  w e comput e th e posterio r  probabilitie s o f  th e differen t 

interpretation s give n th e to p dow n an d bottom-u p evidenc e 

see n s o far .  W e the n appl y th e beam-searc h algorith m o f  Ju -

rafsk y (1996) :  prun e ou t  al l  construction s whos e posterio r 

probabilit y  i s  les s tha n a  certai n rati o o f  th e bes t  constructio n 

(highes t  posterior) .  W e wil l  refe r  t o thi s rati o a s th e Thresh -

ol d Confidenc e Rati o (TCR) .  (i.e .  prun e ou t  al l  c  €  C  wher e 

^ $ ^ > r c i ? ) . ' ' 

Modeling Lexical and Thematic support 

Our  mode l  require s conditiona l  probabilit y  distribution s 

specifyin g th e preferenc e o f  ever y ver b fo r  differen t  argumen t 

structures ,  a s wel l  it s preferenc e fo r  differen t  tenses .  W e als o 

comput e th e semanti c fit  betwee n possibl e fillers  i n th e in -

put  an d differen t  conceptua l  role s o f  a  give n predicate. *  Fig -

ur e 2  show s th e genera l  structur e an d organizatio n o f  lexica l 

an d themati c informatio n sources .  Th e themati c probabilitie s 

an d thei r  metho d o f  computatio n wer e show n i n Tabl e 1 .  A s 

show n i n Figur e 2 ,  th e M V an d R R interpretation s requir e 

th e conjunctio n o f  specifi c  value s correspondin g t o tense ,  se -

manti c fit  an d argumen t  structur e features .  Not e tha t  onl y th e 

R R interpretatio n require s th e transitiv e argumen t  structure . 

Modeling syntactic support 

I n Figur e 3 ,  th e conditiona l  probabilit y o f  a  constructio n 

give n top-dow n syntacti c evidenc e P{c\e )  i s relativel y sim -

pl e t o comput e i n a n augmented-stochastic-context-fre e for -

malis m (pars e tree s show n i n Figur e 3 .  Recal l  tha t  th e 

'Fo r  a  comprehensiv e expositio n se e Pear l  (1988) ,  Jense n 
(1995) . 

*I n thi s paper ,  w e wil l  focu s o n th e suppor t  fro m thematic ,  an d 
syntacti c feature s fo r  th e Reduce d Relativ e (RR )  an d Mai n Ver b 
( M V)  interpretation s a t  differen t  stage s o f  th e inpu t  fo r  th e exam -
ple s w e sa w earlier .  S o w e wil l  hav e tw o construction s ci ,  C2 G  C 
wher e P(ci|e+,e" )  =  MV,P(c2|e+,e" )  =  R R .  Fo r  al l  exam -
ple s reporte d her e w e se t  T C R =  5  (prun e ou t  th e R R interpre -
tatio n i f  f ^  >  5  ) . 

'Th e rol e o f  othe r  feature s suc h a s voic e an d aspec t  i n acces s an d 
disambiguatio n ca n b e tematicall y studie d usin g method s develope d 
here . 
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NP •H I  v p 

the witness examined 

MAIN VERB 

(.14 1 NF- > N T x r  S 
/^92|S->NP . 

NP V P 

LE ÎCAiyrHEMATI C 
V lylK_of(Subj) 

SYNTACTIC 
S->NFl  v. . 

The witnes s examine d 
REDUCED RELATIVE 

Figur e 3 :  T h e syntacti c pars e tree s fo r  th e M V an d th e R R 

interpretation s assumin g a n S C F G generatin g grammar . 

I92\s->NP.. . A ^ S . > N P ^ V 

[.\A]np->npx p 

examine d 

Figur e 4 :  Th e Behe f  networ k correspondin g t o th e syntacti c 

support . 

SCFG prior probability gives the conditional probability of 

th e righ t  han d sid e o f  a  rul e give n th e lef t  han d side .  I n par -

ticular ,  sinc e th e parse r  operate s lef t  t o right ,  th e top-dow n 

probabilit y F(c|e,y„ )  i s  th e probabilit y  tha t  th e evidenc e 

left-expand s t o c : 

P( e H  c ) (2 ) 

I n a  context-fre e grammar ,  a  nontermina l  a  left-expand s 

t o a  nontermina l  b  i f  ther e i s som e derivatio n tre e whos e roo t 

i s o  an d whos e leftmos t  lea f  i s  b . 

Figur e 4  illustrate s th e Belie f  networ k representatio n tha t 

correspond s t o th e syntacti c pars e tree s i n Figur e 3 .  Not e tha t 

th e context-fireenes s propert y translate s int o th e conditiona l 

independenc e statement s entaile d b y th e network .  * 

Computing the joint influence 

The overal l  posterio r  rati o require s propagatin g th e conjunc -

tiv e impac t  o f  syntacti c an d lexical/themati c source s o n ou r 

model .  Figur e 5  show s ou r  Belie f  ne t  architectur e fo r  com -

binin g th e tw o sources .  Th e Belie f  ne t  i n Figur e 5  embodie s 

th e assumptio n tha t  th e syntacti c an d themati c influence s ar e 

dependen t  onl y th e valu e o f  th e specifi c  construction ,  whic h 

i n thi s cas e i s eithe r  th e Mai n Ver b ( M V )  o r  th e Reduce d 

Relativ e (RR )  construction .  I n othe r  words ,  inter-sourc e de -

pendencie s ar e explicid y capture d b y specifi c  constructions . 

Furthermore ,  i n computin g th e conjunctiv e impac t  o f  th e lex -

ical/themati c an d syntacti c suppor t  t o comput e M V an d 

R R,  w e us e th e wel l  studie d noisy-an d mode l  (Pearl ,  1988 ) 

'Fo r  exac t  technica l  details ,  includin g a n automati c networ k con -
stnictio n technique ,  refe r  t o (Narayanan ,  1998 ) 

Figur e 5 :  Th e Belie f  ne t  tha t  combine s th e themati c an d syn -

tacti c suppor t  fo r  a  specifi c  construction . 

fo r  combinin g conjunctiv e source s wher e i t  i s  assume d tha t 

whateve r  inhibit s a  specifi c  sourc e (syntactic )  fro m indicatin g 

suppor t  fo r  a  construction ,  i s  independen t  o f  mechanism s tha t 

inhibi t  othe r  source s (lexical )  fro m indicatin g suppor t  fo r  th e 

same construction .  Thi s i s calle d th e assumptio n o f  excep -

tio n independence ,  an d i s use d widel y wid i  respec t  t o bot h 

disjunctiv e (NOISY-OR )  an d conjunctiv e sources . 

Model results 

There are a number of psycholinguistic results which argue 

fo r  a  Bayesia n mode l  o f  sentenc e processing .  Se e Jurafsk y 

(1996) ,  fo r  example ,  fo r  a  summar y o f  th e argumen t  tha t 

conditiona l  probabilitie s ar e a  mor e appropriat e metri c tha n 

frequencies .  Th e mai n resul t  w e wil l  discus s her e i s evi -

denc e fro m on-lin e disambiguatio n studie s tha t  show s tha t  a 

Bayesia n implementatio n o f  probabilisti c  evidenc e combina -
tio n account s fo r  garden-pat h disambiguatio n effects . 

We teste d ou r  mode l  i n th e ambiguou s regio n o f  th e in -

put  fo r  al l  exampl e sentence s presente d earlier ,  b y computin g 

th e rati o ̂ ^  o f  di e posterio r  a t  differen t  stage s o f  th e input . 

Not e tha t  unde r  partia l  inpu t  th e Belie f  ne t  inferenc e automat -

icall y marginalize s ove r  th e value s o f  th e unsee n input .  S o i n 

th e cas e whe n onl y th e subjec t  ha s bee n inpu t  ("th e horse " 
i n th e example s i n Figur e 6 )  th e themati c influenc e i s mini -

mal  an d th e ^  rati o i s basicall y a  resul t  o f  th e syntacti c 

support . 

Th e dat a i n Figur e 6  wa s take n fro m (MacDonald ,  1993 ) 

and fro m (Marcu s e t  ai ,  1993 )  (fo r  found) .  Figur e 6  show s 

th e relevan t  posterio r  probabilitie s fo r  th e example s "Th e 

hors e race d pas t  th e bar n feH"an d th e replacemen t  o f  race d 

by carrie d o r  foun d a t  differen t  stage s o f  th e input .  A s show n 

i n Figur e 6 ,  ou r  mode l  predict s tha t  th e M V / R R rati o ex -

ceed s th e threshol d immediatel y afte r  th e ver b race d i s ac -

cesse d (  M V / R R «  38 7 »  5  )  leadin g t o th e prunin g o f  th e 
R R interpretation .  I n th e othe r  cases ,  whil e th e M V / R R 

rati o i s temporaril y  rising ,  i t  neve r  overshoot s th e threshold , 

allowin g bot h th e M V an d th e R R interpretation s t o b e ac -

tiv e throughou t  th e ambiguou s region . 

Figur e 6  an d Figur e 7  sho w th e M V / R R rati o a t  differen t 
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M[V/R R = 

^ 

T CR =  5. 0 

hors e X-e d pas t  th e b a m 

Figur e 6 :  Disambiguat io n wit h Lexica l  Probabilitie s show in g 

tha t  th e M V / R R posterio r  rati o fo r  race d fall s abov e th e 

threshol d an d th e R R interpretatio n i s pruned .  F o r / o u m / a n d 

carried ,  bot h interpretation s ar e activ e i n th e disambiguatin g 

region . 

TCRxS 

contro l  \  • 

TTie X examine d b y th e lawye r 

F igure? :  T h e rol e o f  themati c fi t  o n th e M V / R R ratio .  Dat a 

s h o w n fo r  animat e N P i n th e subjec t  positio n (th e witness) , 

inanimat e N P wit h stron g semanti c fi t  ("th e evidence") ,  an d 

wit h a n u n a m b i g u o u s control . 

stage s o f  th e examine d cxampl^^s .  Informatio n o n themati c fit , 

w as culle d f ro m TVpicaht y rating s use d i n th e psychologica l 

stud y b y (Trueswel l  e t  a i ,  1994) . 

A s illustrate d i n Figur e 7  afte r  processin g th e inpu t  phras e 

" T h e witnes s examined",lh e R R interpretatio n i s  les s pre -

ferre d bu t  no t  pruned .  Thi s lead s t o limite d processin g diffi -

cult y (limite d becaus e i t  approache s th e T C R ,  bu t  neve r  ex -

ceed s it )  w h e n encounterin g th e nex t  phras e "b y th e lawyer " 

w h i c h i s  bot h syntacticall y an d semanticall y incompatibl e 

wit h th e M V interpretation .  N o reassignmen t  o f  role s i s 

require d i n th e cas e o f  " T h e evidenc e examine d ..." ,  o r  wit h 

th e u n a m b i g u o u s control ,  henc e n o processin g difficult y i s 

predicted . 

T h u s ou r  m o d e l  garden-path s o n th e examp l e " T h e hors e 

race d pas t  th e bar n fell "  bu t  wil l  no t  garde n pat h o n th e exam -

pl e " T h e hors e carrie d pas t  th e b a m fell "  o r  o n th e exampl e 

" T h e hors e foun d pas t  th e bar n fell" .  O u r  m o d e l  als o ex -

plain s th e correlation s tha t  (Trueswel l  e t  a i ,  1994 )  foun d be -

twee n themati c fi t  an d processin g difficulty .  Furthermor e w e 

ar e abl e t o explai n garden-pathin g a s a  grade d effect ,  wher e 

processin g difficult y an d chanc e o f  garde n pathin g depend s 

o n h o w strongl y th e inpu t  favor s a  give n interpretation . 

Conclusion 

Th e computationa l  mode l  propose d her e combine s tw o basi c 

idea s i n languag e processing .  Th e firs t  ide a i s tha t  multipl e 

source s o f  linguisti c knowledge ,  conceptua l  an d perceptual , 

interac t  i n acces s an d disambiguation .  Thi s ide a i s manifes t 

i n th e psychologica l  literatur e o n lexica l  acces s an d sentenc e 

processing ,  a s wel l  a s i n P D P an d dynamica l  system s model s 

of  languag e processin g (Tabor ,  Juliano ,  &  Tanenhaus ,  1997) . 

Th e secon d ide a i s tha t  linguisti c knowledg e i s highl y struc -

tured ,  an d hierarchicall y organize d (exemplifie d b y syntacti c 

an d argument-structur e knowledge) .  Usin g probabilisti c  net s 

allow s u s t o comput e th e join t  distributio n o f  multipl e cor -

relate d feature s b y usin g structura l  relationship s t o minimiz e 

th e numbe r  o f  inter-featur e interactions .  Thi s ha s th e dua l 

advantage s o f  compac t  representatio n an d clarit y o f  model . 

Our  hypothesi s tha t  linguisti c structure s ar e code d i n partiall y 

independen t  dimension s allow s u s t o mode l  a  wid e arra y o f 

psycholinguisti c results ,  an d offer s a  computationi d metho d 

t o systematicall y investigat e th e modularity/non-modularit y 

hypothesis . 
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