
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
A Restriced Interactive Model of Parsing

Permalink
https://escholarship.org/uc/item/0hk8g6tw

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 15(0)

Authors
Britt, M. Anne
Gabrys, Gareth
Perfetti, Charles A.

Publication Date
1993
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/0hk8g6tw
https://escholarship.org
http://www.cdlib.org/


A Restricte d Interactiv e M o d e l  o f  Parsin g 

M.  Ann e Britt ,  Garet h Gabrys ,  an d Charle s A .  Perfett i 
Learnin g Researc h an d Developmen t  Cente r 

Universit y o f  Pittsburg h 

Pittsburgh ,  Pennsylvani a 1526 0 

britt@vms.cis.pitt.ed u 

A b s t r a c t 

Much of the controversy surrounding the autonomy of 

synta x issu e ha s focuse d o n whethe r  prepositiona l  phras e 

(PP )  attachment s ca n b e influence d b y prira -  discours e 

context .  W e briefl y revie w fou r  studie s tha t  hav e 

produce d result s supportin g eithe r  th e autonom y vie w o r 

th e interactiv e view ,  an d the n describ e th e result s o f  a 

recen t  serie s o f  experiment s tha t  identif y th e condition s 

unde r  whic h a  read ^  wil l  b e garde n pathe d whe n 

encounterin g a  structurall y ambiguou s PP .  Th e result s o f 

thes e experiment s sugges t  tha t  a  reade r  ca n avoi d bein g 

le d d o w n th e garde n pat h b y a  discours e tha t  successfull y 

create s referentia l  ambiguity ,  bu t  onl y i n sentence s wher e 

th e ver b doe s no t  requir e th e P P i n orde r  t o b e 

grammatical .  W e als o describ e a  restricte d interactiv e 

parse r  tha t  ca n accoun t  fo r  thes e empirica l  results .  Th e 

parse r  divide s it s tas k betwee n tw o p-ocessor s tha t  us e 

limite d form s o f  semanti c an d discours e informatio n 

when makin g attachments . 

I n t r o d u c t i o n 

For many years, the possibility that syntactic processing 

proceed s independentl y o f  a  sentence' s meanin g an d prio r 

discours e ha s captivate d psycholinguists .  Whil e 

semantic s an d pragmatic s clearl y influenc e a  sentence' s 

final  interpretation ,  theorist s tha t  postulat e a  modula r 

cognitiv e architectur e (e.g. ,  Fodor ,  1983 )  hav e propose d 

tha t  a  reader' s initia l  commitmen t  t o a  syntacti c structur e 

occur s withou t  influenc e o f  meaning .  Frazie r  (1979 )  ha s 

propose d tha t  th e syntacti c processo r  ca n accep t  inpu t 

onl y from  logicall y prio r  processes ,  suc h a s lexica l 

access ,  whos e result s ar e require d fo r  syntacti c analysi s 

but  whos e functionin g doe s no t  depen d o n th e outcom e 

of  syntacti c assignments .  Th e syntacti c processo r  canno t 

accep t  inpu t  fro m processe s whos e functionin g depend s 

t o an y exten t  o n th e outcom e o f  parsing ,  suc h a s 

semanti c ot  pragmati c analysis .  Fo r  ambiguou s 

sentences ,  wher e mor e tha n on e syntacti c structur e ca n b e 

built ,  Frazie r  (1979 )  ha s propose d tha t  th e syntacti c 

processo r  i s guide d b y preferenc e rule s tha t  resolv e th e 

ambiguit y i n a  consisten t  directio n withou t  th e assistanc e 

of  semanti c o r  pragmati c information .  Thi s positio n ha s 

become know n a s th e autonom y view . 

Suppor t  fo r  th e autonom y vie w ha s c o m e fro m 

researc h o n garde n pat h sentences .  I n th e cas e o f  lexicall y 

ambiguou s prepositiona l  phras e (PP )  sentence s suc h a s 

l a an d lb ,  reader s appea r  t o prefe r  a  readin g consisten t 

wit h th e P P supplyin g a  goa l  locatio n t o th e actio n 

rathe r  tha n on e i n whic h th e P P modifie s th e nou n phras e 

(NP) .  Severa l  studie s o f  peopl e readin g thes e an d othe r 

form s o f  structurall y ambiguou s sentence s hav e foun d 

tha t  peopl e appea r  t o resolv e ambiguitie s i n th e directio n 

of  a  ver b attachmen t  Observation s tha t  attachmen t 

preference s persis t  eve n i n th e contex t  o f  a  discours e tha t 

support s th e non-preferre d structur e hav e provide d suppor t 
fo r  th e autonom y view .  (Ferreir a &  Clifton ,  1986 ; 

Frazier ,  1979 ;  Rayner ,  Carlson ,  &  Frazier ,  1983) . 

la .  H e droppe d th e boo k o n th e chai r  befor e leaving . 

lb .  H e droppe d th e boo k o n th e battl e ont o th e chair . 

Recently ,  however ,  empirica l  evidenc e ha s accumulate d 

agains t  th e autonom y view .  Severa l  experiment s hav e 

show n tha t  th e non-preferre d readin g ca n b e induce d b y 

placin g a n ambiguou s sentenc e i n th e appropriat e 

discours e contex t  (Altman n &  Steedman ,  1988 ;  Britt , 

1991 ;  Britt ,  Perfetti ,  Garrod ,  &  Rayner ,  1992) .  Whil e 

some psycholinguist s hav e argue d tha t  thi s finding 

support s a n interactiv e vie w o f  syntacti c processing ,  w e 

wis h t o argu e tha t  semanti c informatio n ca n influenc e 

syntacti c decision s onl y i n limite d circumstances . 

I n th e nex t  sections ,  w e loo k a t  th e evidenc e 

supportin g an d opposin g th e autonom y vie w fo r 

ambiguou s P P attachments .  Ou r  purpos e i s t o understan d 

th e condition s unde r  whic h peopl e appea r  t o exhibi t  a 

preferenc e fo r  on e syntacti c structur e an d w h e n thi s 

preferenc e i s overridde n b y discours e information .  W e 

briefl y presen t  th e result s o f  a n experimen t  tha t 

investigate s thi s question ,  an d describ e a  parsin g mode l 

t o explai n h o w th e syntacti c processo r  migh t  ac t 

acccHxlin g t o a  defaul t  preferenc e unde r  som e condition s 
but  m a k e us e o f  discours e informatio n unde r  others . 

260 

mailto:britt@vms.cis.pitt.edu


Parsin g o f  a m b i g u o u s PP' s i n contex t 

Four experiments have directly examined whether 

discours e informatiM i  ca n influenc e th e selectio n o f  a n 

initia l  syntacti c structur e fo r  ambiguou s P P sentences . 

Our  revie w o f  thes e studie s look s a t  tw o factors :  1 ) 

whethe r  th e referentia l  ambiguit y o f  th e N P precedin g th e 

ambiguou s P P (hereafte r  referre d t o a s th e targe t  N P )  wa s 

successfull y establishe d b y th e precedin g discourse ,  an d 

2)  whethe r  th e ver b precedin g th e targe t  N P require d th e 

ambiguou s P P a s a n obligator y argument .  W e believ e 

tha t  thes e tw o factor s ca n influenc e whethe r  o r  no t  a 

reade r  ca n immediatel y us e discours e informatio n t o 

selec t  a n interpretatio n o f  a n ambiguou s P P 

Referentia l  ambiguity .  Ou t  o f  context ,  reader s ten d 

t o prefe r  interpretin g a n ambiguou s P P a s a  ver b 

argumen t  tha n a s a  N P modifie r  (however ,  c f  Taraba n & 

McClelland ,  1990) .  Fo r  example ,  i n sentenc e l a readers 

prefe r  t o interpre t  th e phras e "o n th e chair "  a s a  goa l 

locatio n fo r  th e actio n "dropped "  rathe r  tha n a s a  modifie r 

of  th e targe t  N P "th e book. "  Thi s interpretatio n i s 

supporte d b y th e P P i n sentenc e l a bu t  lead s th e reade r 

down th e garde n pat h i n sentenc e lb .  Referentia l 
ambiguit y  i s manipulate d b y placin g thes e sentence s i n a 

passag e tha t  establishe s eithe r  a  singl e anteceden t  fo r  th e 

targe t  N P (e.g. .  Th e boo k wa s abou t  a n ancien t  blood y 

battle )  o r  mor e tha n on e anteceden t  fo r  th e targe t  N P 

(e.g. .  On e o f  th e book s wa s abou t  a n ancien t  blood y 

batUe ,  an d th e othe r  wa s abou t  diplomacy) .  W h e n th e 

reade r  encounter s th e targe t  N P followin g a  passag e tha t 

contain s mor e tha n on e antecedent ,  sh e wil l  fai l  t o 

establis h a  uniqu e anteceden t  fo r  th e targe t  N P an d m a y 

the n attemp t  t o us e th e ambiguou s P P a s a  N P modifie r 

t o resolve  th e ambiguity ,  thu s overridin g th e preferenc e 

t o attac h th e ambiguou s P P t o th e verb . 

One reaso n wh y som e experiment s hav e foun d contex t 

effect s an d other s hav e no t  m a y b e du e t o th e succes s o f 

th e referential  ambiguit y manipulation .  O f  th e fou r 
experiment s t o hav e directl y studie d ambiguou s P P 

attachments ,  tw o experiment s confounde d thi s 

manipulatio n wit h othe r  factors .  Ferreir a an d Clifto n 

(1986) ,  whos e studie s foun d n o effec t  o f  contex t  o n 

initia l  attachmen t  preference ,  use d severa l  passage s tha t 

inadvertentl y eliminate d referential  ambiguit y i n th e tw o 

referen t  passage s b y foregroundin g on e o f  th e tw o 

possibl e antecedent s prio r  t o th e targe t  sentence .  W h e n 
th e subject s encountere d th e targe t  N P ,  the y coul d hav e 

unambiguousl y assigne d i t  t o th e foregrounde d 

antecedent ,  thu s eliminatin g an y nee d t o us e th e 
ambiguou s P P a s a  N P modifier . 

Th e othe r  stud y t o confoun d th e referentia l  ambiguit y 

manipulatio n i s Altman n an d Steedma n (1988) .  Thi s 

stud y di d find  a n influenc e o f  contex t  o n initia l  P P 

attachments ,  bu t  thei r  manipulatio n o f  referentia l 

ambiguit y ha s bee n criticize d fo r  systematicall y 

mentionin g th e objec t  o f  th e L o w N P reading  mor e 

recentl y tha n th e objec t  o f  th e Hig h V P reading  (se e 

Clifto n &  Ferreira ,  1989) . 

I f  thes e confoundin g factw s ar e eliminated ,  referentia l 

ambiguit y doe s appea r  t o influenc e P P attachment .  Brit t 

et  al .  (1992 )  presente d subject s wit h sentence s simila r  t o 

thos e o f  Ferreir a an d Qifto n (1986 )  bu t  i n th e contex t  o f 

passage s tha t  establishe d eithe r  on e anteceden t  o r  tw o 

referentially  equivalen t  antecedent s fo r  th e targe t  N P , 

controllin g fo r  recenc y o f  mention .  Th e resul t  wa s tha t 

subject s wer e garde n pathe d o n sentence s suc h a s l b i n 

th e presenc e o f  on e referen t  contex t  bu t  no t  i n th e 

presenc e o f  tw o referen t  context .  Thi s resul t  wa s observe d 

fo r  readin g time s measure d usin g bot h self-pace d an d eye -

trackin g procedures .  Thus ,  th e Brit t  e t  al .  experiment s 

sho w tha t  whe n th e targe t  N P i s referentiall y  ambiguou s 

wit h respec t  t o a  prio r  discourse ,  th e preferenc e fo r 

attachin g a n ambiguou s P P t o th e ver b i s overridde n i n 

favo r  o f  resolvin g th e ambiguity . 
A r g u m e n t  structure .  Th e secon d facto r  w e loo k a t  i n 

th e prio r  researc h i s whethe r  th e targe t  sentence' s ver b 

require s th e P P t o fill  a n argumen t  i n orde r  fo r  th e 

sentenc e t o b e grammatical .  Fo r  example ,  th e ver b 

"dropped "  ca n tak e a  P P a s a  goa l  argument ,  a s i n 

sentenc e 2a ,  bu t  i s als o grammatica l  withou t  th e P P a s 

i n sentenc e 2c .  I n contrast ,  th e ver b "put "  i s grammatica l 

wit h th e PP ,  a s i n sentenc e 2b ,  bu t  i s  no t  grammatica l 

withou t  it ,  a s i n sentenc e 2d .  Thu s w e sa y tha t  th e goa l 

i s a n optiona l  argumen t  o f  "dropped "  bu t  i s a n obligator y 

argumen t  o f  "put. " 

2a.  H e droppe d th e boo k o n th e chair . 

2b.  H e pu t  th e boo k o n th e chair . 

2c .  H e droppe d th e book . 

2d.*H e pu t  th e book . 

Of  th e fou r  studie s t o examin e ambiguou s P P 

attachment ,  th e tw o tha t  foun d n o immediat e influenc e o f 
discours e o n parsin g use d mosd y obligator y verbs , 

wherea s th e tw o tha t  foun d overrid e use d mostl y optiona l 

verbs .  Ferreir a an d Clifto n (1986) ,  fo r  example ,  use d 

many verb s tha t  requir e obligator y goa l  arguments .  A 

recent  stud y b y Rayner ,  Garro d an d Perfett i  (1992 )  i s als o 

subjec t  t o thi s criticism .  Thes e author s presente d subject s 

wit h ambiguou s P P sentence s an d manipulate d whethe r 

th e discours e contex t  place d th e targe t  N P i n focu s o r  ou t 

of  focus .  Rayne r  e t  al .  foun d tha t  focu s ha d n o immediat e 
influenc e o n th e attachmen t  decision ,  a s measure d b y firs t 

pas s reading  times ,  bu t  di d appea r  t o affec t  th e repair 

process ,  a s measure d b y tota l  readin g time s (whic h 

include s an y eye-movement s bac k t o a  word) .  I t  i s 

difficult ,  however ,  t o conclud e tha t  focu s ha d n o effec t 
becaus e man y o f  th e verb s use d i n th e experimen t 
required  obligator y goa l  arguments .  I f  th e parse r  mus t  fill 

obligator y argument s i n orde r  fo r  a  sentenc e t o b e 
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grammatica l  the n thi s nee d ma y tak e precedenc e ove r  th e 

need t o reinstantiate  a n out-of-focu s referen t  o r  resolve  a n 

ambiguou s reference. 

The tw o studie s tha t  foun d a n immediat e influenc e o f 

discours e contex t  o n th e assignmen t  o f  a n ambiguou s P P 

use d mostl y verb s tha t  tak e PP s a s optiona l  arguments. 

Altman n an d Steedma n (1988) ,  fo r  example ,  use d verb s 

tha t  alway s too k PP s a s optiona l  instrumen t  argument s 

(o r  a s som e hav e argued ,  adjuncts) .  Th e Brit t  e l  al .  (1992 ) 

experiment s als o use d verb s tha t  tak e PP s a s instrumeni s 

as wel l  a s som e verb s tha t  tak e optiona l  goa l  locations . 

Thi s analysi s suggest s tha t  tw o factors ,  th e successfu l 

manipulatio n o f  referentia l  ambiguit y an d whethe r  a 

verb' s argumen t  structur e require s a n argumen t  i n orde r  t o 

be grammatical ,  m a y explai n w h y som e experiment s 

hav e foun d contex t  effect s an d other s hav e not . 

Identifyin g th e condition s o f  overrid e 

The potential modulating role of verb argument structure 

was recentl y teste d i n a  serie s o f  experiment s b y Brit t 

(1991) .  Thes e experiment s direcd y manipulate d bot h th e 

referentia l  ambiguit y o f  a  targe t  N P an d whethe r  th e ver b 

precedin g th e N P preferre d a n obligator y o r  optiona l  goa l 

argumen t  Subject s i n thi s experimen t  rea d ver b attache d 

an d N P attache d sentence s precede d b y passage s tha t 

establishe d eithe r  a  singl e anteceden t  fo r  th e targe t  N P o r 

tw o antecedent s fo r  th e targe t  N P .  Additionally ,  thes e 

sentence s wer e jyesente d wit h a  ver b tha t  possesse d eithe r 

an q)tiona l  goa l  argiunen t  (e.g. ,  dropped )  o r  a n 

obligator y goa l  argumen t  (e.g. ,  put) .  Example s o f  thes e 

sentence s ar e show n a s l a t o Id . 

Ic .  H e pu t  th e boo k o n th e chai r  befcff e leaving . 

Id .  H e pu t  th e boo k o n th e battl e ont o th e chair . 

Usin g a  wcwd-at-a-tim e moving-windo w procedure ,  Brit t 

(1991 )  foun d tha t  th e N P attache d sentence s too k longe r 

t o rea d tha n th e ver b attache d sentence s fo r  bot h optiona l 

context ,  bu t  thi s differenc e wa s onl y foun d fo r  obligator y 

an d obligator y verb s whe n presente d i n singl e referen t 

verb s whe n th e sentence s wer e presente d i n tw o referen t 

contex t  Thes e results ,  show n i n Figur e 1 ,  sugges t  tha t 

referendal  ambiguit y doe s influenc e th e parser' s initia l 

assignmen t  o f  a n ambiguou s PP ,  bu t  onl y whe n allowe d 

t o d o s o b y a  verb' s argumen t  structure .  W h e n th e ver b 

requires  a  goa l  argumen t  i n orde r  t o b e grammatical ,  th e 

ambiguou s P P i s take n t o fil l  tha t  argumen t  eve n i f  th e 

targe t  N P i s referenUall y ambiguous . 

Opt  arg . 
unambi g 

ref 

Opt  arg , 
ambi g 

ref 

Obi  arg ,  Ob i  arg , 
unambi g ambi g 

re f  re f 

Figur e 1 .  Result s fro m Experimen t  2  o f  Brit t  (1991) . 

A.  Res t rvc te d In terac i 'w e M o d e \ 

A parser that uses only lexical class informaUon and 

simpl e assignmen t  principle s i s clearl y incapabl e o f 

accountin g fo r  th e abov e empirica l  results.  Whil e a  full y 

interactiv e parse r  coul d accoun t  fo r  th e results,  w e prefe r 

t o tak e a  mor e conservativ e approach-t o tr y t o preserv e 

as muc h autonom y o f  processin g a s possibl e whil e stil l 

accountin g fo r  th e data .  W e cal l  th e resul t  o f  thi s effor t  a 

restricte d interactiv e parser .  Presently ,  th e onl y purpos e 

of  thi s parse r  i s t o explai n h o w P P assignmen t  decision s 

ca n b e influence d b y ver b argumen t  structur e an d 

referential  ambiguity .  Eventually ,  w e inten d t o expan d 

th e parser' s capabiUty .  I n th e remainder  o f  thi s sectio n 

we describ e th e structur e o f  th e parser ,  th e prediction s i t 

makes fo r  th e sentence s studie d b y Brit t  (1991) ,  an d h o w 

wel l  i t  fits  thos e readin g tim e results . 

The restricted interactive parser 

The restricted interactive (RI) parser is based on ideas 

propose d b y Abne y (1991) ,  Brit t  (1991) ,  an d Perfett i 

(1990 )  tiiat  divid e parsin g int o tw o processes :  constituer u 

buildin g an d argumen t  filling.  Th e first  proces s 

construct s smal l  phras e unit s suc h a s N P s an d PPs .  Th e 

secon d proces s assign s complete d phrase s t o ope n 

argument s o r  attache s the m a s adjuncts .  Thi s approac h t o 

parsin g ha s bee n describe d a s "frame-based "  a s compare d 

wit h model s tha t  rel y o n phras e structur e rules . 

Th e R I  parse r  begin s processin g b y instantiatin g a 

sentenc e frame .  Parsin g the n proceed s bottom-up .  Trigge r 

words ,  suc h a s determiners ,  nouns ,  an d prepositions , 

caus e phrase s t o ope n an d ne w word s ar e adde d t o ope n 

phrase s unti l  a  wor d i s rea d tha t  i s incompatibl e wit h th e 

phras e (i.e. ,  lat e closure) .  Complete d phrase s ar e attache d 

t o ope n argument s o r  a s adjuncts .  Th e primar y sourc e o f 

argument s i s th e verb' s lexica l  soiicture ,  thoug h nou n 

argument s ar e als o possible . 

T h e constituen t  builder .  A t  th e parser' s curren t  leve l 

of  development ,  th e constituen t  builde r  construct s onl y a 

fe w form s o f  N P s an d PPs .  Simpl e N P s an d PP s ar e 
constructe d fro m lega l  combination s o f  prepositions , 

adjectives ,  an d noun s usin g onl y lexica l  clas s 

information .  Comple x NPs ,  referre d t o her e a s D P s afte r 
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Abne y (1991) ,  ar e constructe d fro m D  N P P P sequences . 

The constituen t  builde r  als o handle s th e attachmen t  o f 

an ambiguou s PP .  Afte r  obtainin g a  N P ,  th e constituen t 

builde r  mus t  decid e whethe r  t o clos e th e D P an d assig n i t 

t o a  ver b argumen t  o r  dela y closur e s o th e P P ca n b e 

attache d a s a  N P modifier .  Th e constituen t  builde r 

choose s t o clos e th e D P earl y when :  1 )  th e prepositio n 

ca n hea d a  î uas e tha t  ca n fill  a n obligator y ver b 

argument ,  o r  2 )  th e prepositio n ca n hea d a  phras e tha t  ca n 

fill  a n q)tiona l  argumen t  o r  adjunc t  an d th e N P i s 

referentiall y  unambiguous .  Thi s decisio n procedur e 

aeate s a  preferenc e fo r  usin g a  P P a s a  ver b argumen t  o r 

adjunc t  rathe r  tha n a s a  N P modifier .  I n case s o f 

referentia l  ambiguity ,  however ,  th e N P modifyin g 

functio n o f  th e P P i s preferre d bu t  onl y i f  th e P P i s no t 

require d a s a n obbgator y argumen t 

Th e argumen t  filler.  Th e argumen t  filler  assign s 

complete d phrase s t o argument s associate d wit h themati c 

role s o r  attache s the m a s adjuncts .  W e distinguis h 

argument s fro m adjunct s accordin g t o whethe r  th e rol e i s 

par t  o f  a  themati c expectatio n associate d wit h a  wor d o r 

whethe r  th e rol e i s supplie d onl y b y th e semantic s o f  di e 

PP.  Fo r  example ,  i n sentenc e (5 )  w e conside r  th e phras e 

"o n th e bed "  t o b e a n argumen t  becaus e th e ver b "threw " 

establishe s th e rol e o f  goa l  locatio n fo r  th e action .  I n 

contrast ,  i n sentenc e (6 )  w e conside r  th e phras e "o n 

Tuesday "  t o b e a n adjunc t  becaus e n o lexica l  ite m create s 

an expectatio n f w a  tempora l  modifie r  role . 

(5 )  Bill y  thre w th e boo k o n th e bed . 

(6 )  Bill y  borrowe d th e boo k o n Tuesday . 

The argumen t  filler  prefer s t o fill  ver b argument s ove r 
adjuncts .  Wheneve r  a  phras e meet s th e lexical-semanti c 

restriction s o f  a n ope n argument ,  th e argumen t  filler  wil l 

prefe r  thi s assignmen t  t o tha t  o f  constructin g a n adjunc t 

relationship . 

I t  i s  importan t  t o not e tha t  th e argumen t  filler's 

preferenc e fo r  argument s doe s no t  exten d t o nou n 

arguments .  Th e decisio n t o trea t  a  P P a s a  N P modifie r  i s 

made b y th e constituen t  builde r  befor e reachin g th e 

argumen t  filler.  O n e consequenc e o f  thi s distinctio n i s t o 

make th e parse r  consisten t  wit h th e observation s o f 

Clifton ,  Spee r  an d Abne y (1991 )  w h o foun d tha t  peopl e 

sho w a n immediat e preferenc e fo r  Ver b argument s ove r 

Noun argument s an d ver b adjuncts ,  bu t  n o preferenc e fo r 

nou n argument s ove r  ver b adjuncts .  However ,  contrar y 

result s hav e bee n obtaine d b y Taraba n an d McClellan d 
(1990 )  w h o foun d tha t  fo r  sentence s whos e verb s d o no t 

tak e th e ambiguou s P P a s a n argument ,  peopl e prefe r  th e 

N P attachmen t  t o th e adjunc t  attachmen t  W e believ e tha t 
mor e empirica l  wor k i s neede d t o resolv e thi s issue . 

The influence of lexical-semantic information 

The decision to assign a PP as an argument or NP 

modifie r  require s mor e informatio n abou t  th e prepositio n 

tha n it s lexica l  class .  O n e woul d no t  expec t  a  reade r  t o b e 

garde n pathe d b y sentenc e (7) ,  fo r  example ,  eve n thoug h 

i t  ha s th e sam e syntacti c structur e a s sentenc e lb . 

(7 )  H e thre w th e boo k o f  poetry . 

I n additio n t o lexica l  class ,  th e R I  parse r  take s int o 

accoun t  certai n semanti c propertie s o f  bot h th e 

prepositio n an d th e argumen t  Fo r  th e sentence s w e us e 

i n ou r  modelin g effort ,  w e assum e tha t  th e parse r 

matche s preposition s t o argumen t  restriction s b y suc h 

propertie s a s whethe r  a  prepositio n ca n specif y a 

particula r  typ e o f  relationshi p (e.g. ,  location ,  topic) . 

T h e Influenc e o f  Discours e Informat io n 

The decision to assign a PP as a NP modifier occurs only 

unde r  condition s o f  N P ambiguit y an d onl y whe n 

permitte d b y ver b argumen t  structure .  Th e referentia l 

statu s o f  a  pronou n o r  definit e N P i s obtaine d fro m a n 

an£q)hori c searc h bac k throug h th e tex t  model .  Thre e 

outcome s o f  thi s searc h ar e possible :  n o referent ,  a 

uniqu e referent ,  o r  a n ambiguou s referent.  I n th e cas e 

wher e n o referent  i s found ,  a n objec t  i s  create d i n di e tex t 

model ,  thu s makin g n o referen t  equivalen t  t o finding  a 

uniqu e referent  I n th e ambiguou s referent  case ,  th e parse r 

postpone s closin g th e D P i f  th e nex t  wor d ca n b e par t  o f 

a phras e tha t  coul d resolv e di e ambiguity .  Th e exceptio n 

t o dii s rul e i s i f  th e phras e ca n als o fill  a n obligator y 

ver b argumen t 

Repa i r 

Our modeling effort is intended to explain uninterrupted 

reading,  tha t  is ,  occasion s whe n a  reade r  i s no t  le d d o w n 

th e garde n path .  However ,  i n orde r  t o obtai n testabl e 

prediction s fo r  th e sentence s w e ar e studying ,  w e 

develope d a  simpl e repai r  process .  W h e n th e parse r 

detect s a  mismatc h betwee n a  phras e an d a n argument ,  i t 

trie s t o recove r  by :  1 )  finding  th e las t  phras e i t  assigned , 

2 )  dissassignin g th e phrase ,  an d 3 )  returnin g t o th e 

curren t  contex t  Th e effec t  o f  th e repair  operatio n i s t o 

backtrac k fro m th e las t  decisio n an d se e wha t  happens . 

"Simulat ing "  th e parse r 

We are currenUy in the process of realizing the model as 

a compute r  î -ogram .  Th e decision s m a d e b y th e 

constituen t  builde r  an d argumen t  filler  hav e bee n 

expresse d a s productio n rules .  Thes e rule s tes t  fo r 
pattern s o f  lexica l  item s store d i n workin g memory , 

matche s betwee n th e lexica l  feature s o f  word s an d 
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N P Attache d Sentenc e i n O n e Referen t  Contex t MP Attache d Sentenc e i n T w o Referen t  Contex t 

He 

thre w 

th e 

tMMk 

l:Le x Acces s 
2:C>pe n D P 

OpenNP 
3:AiUc h N-N P 
l:L^xAccess 
2:aos e N P 

OpenVP 
3:Atuc h NP-D P 
Qose D P 
Auach V-V P 

4:Aaac h DP- S 
l:L^xAccess 
2:Ope n D P 
3:AiUc h D-D P 
l:LexAccess 
2:Opc n N P 
3:Aiuic h N-N P 
l:LexAccess 
2:Clos e N P 

OpenPP 
3:AtUc h NP-D P 

Attac h P-P P 
4:Clos e D P 
5:AtUc h DP-V P 

th e 

battl e 

ont o 

l:LexAcces s 
2:0pe n D P 
3:Aiuc h D-D P 

l:l-exAcccss 
2:0pe n N P 
3:Altac h N-N P 

l:LexAccess 
2:Clos e N P 

OpenPP 
3:AtUc h NP-D P 

AlUc h P-P P 
4:Clos e D P 
5:AtUc h DP-P P 

Clos e P P 
6:Attac h PP-V P 
7:AtUc h Fall s 
8:Disassig n D P 
9:ReOpe n D P 
10:AIUc h PP-D P 
ll:Clos e D P 
12:AtUc h DP-V P 

He 

thre w 

th e 

book 

l:L-exAccej s 
2:Opc n D P 

OpenNP 
3:Aiuc h N-N P 
IrL^xAccess 
2:aos e N P 

OpcnVP 
3:Aluc h NP-D P 

Clos e D P 
AlUc h V-V P 

4:  Auac h DP- S 
l:LexAccess 
2:Ope n D P 
3:AlUc h D-D P 
l:L^xAccess 
2:0pe n N P 
3:Aluc h N  N P 
l:LexAccess 
2:Clos e N P 

OpenPP 
3:AtUc h N P D P 

Attac h P-P P 

th e 

battl e 

ont o 

l:L̂ x  Acces s 
2:0pe n D P 
3:Atlac h D-D P 

liLxxAccess 
2:OpenN P 
3:Auac h N-N P 

l:LexAccess 
2:Clos e N P 

OpenPP 
3:AtUc h NP-D P 

AtUc h P-P P 
4:Clos e D P 
5:Attac h DP-P P 

Clos e P P 
6:AtUc h PP-D P 
7:Clos e D P 
8:AtUc h DP-V P 

Tabl e 1 .  Operation s o f  restricte d interactiv e parse r  o n tw o sentence s fro m Brit t  (1991) . 

arguments ,  an d N P ambiguity .  Fo r  th e present ,  w e 

describ e th e result s o f  han d simulations . 

T h e parse r  ha s thre e basi c operations :  Open ,  Close ,  an d 

Assign .  T w o additiona l  operations ,  DissAssig n an d 

R e O p en ar e use d i n repair .  S o m e action s ca n tak e plac e 

i n parallel ,  other s mus t  occu r  serially .  Tabl e 1  show s th e 

operation s tha t  tak e plac e o n eac h wor d o f  th e Brit t 

(1991 )  targe t  sentences .  T h e action s o f  th e constituen t 

builde r  ar e represente d b y th e "Open "  an d "Close " 

operations ;  th e action s o f  th e argumen t  filler  ar e 

represente d b y th e "Assign "  operations .  Rq)ai r  operation s 

ar e signale d b y a  faile d attemp t  t o assig n a  phras e base d 

on a  mismatc h betwee n th e feature s o f  a  constituen t  an d 

an argumen t  Operation s tha t  occu r  i n paralle l  ar e par t  o f 

th e sam e numbere d segmen t  i n Tabl e 1 . 

Predictions .  Th e mode l  predict s tw o smal l  bu t 

interestin g difference s i n th e amoun t  o f  processin g 

performe d o n differen t  words .  Fo r  sentence s wher e D P 

closur e an d assigrunen t  ar e delaye d becaus e o f  referentia l 

ambiguit y (optiona l  V P an d N P attache d sentence s i n 

tw o referen t  context) ,  th e mode l  predict s that ,  relativ e t o 

th e othe r  conditions ,  th e first  prepositio n "on "  shoul d 

tak e slighd y les s tim e t o rea d an d tha t  th e secon d 

prepositio n "after/onto "  shoul d tak e slightl y longe r  t o 

read .  Thi s i s becaus e th e clos e an d assig n operation s ar e 

postpone d a t  th e first  prepositio n bu t  mus t  occu r  a t  th e 

secon d prqx)sition .  Interestingly ,  th e mode l  predict s tha t 

th e reade r  wil l  b e garde n pathe d o n optiona l  V P attache d 

sentence s i n 2  referen t  context ,  bu t  tha t  repairin g thi s 

mispars e doe s no t  produc e longe r  readin g time s becaus e 

no missassignment s wer e mad e tha t  nee d t o b e corrected . 

Testin g th e Fi t  o f  th e M o d e l 

Reading time predictions for each word were obtained by 

countin g th e numbe r  o f  cycle s tha t  resul t  fro m aiqjiyin g 

th e mode l  t o th e sentence s fro m Brit t  (1991) .  Th e 

number  o f  operation s wa s the n entere d int o a  regressio n 

equatio n predictin g mea n readin g time s fo r  eac h wor d 

adjuste d fo r  lengt h an d overal l  conditio n differences . 

Becaus e ou r  goa l  wa s t o explai n th e assignmen t  o f  PPs , 

th e analysi s include d onl y word s from  th e ver b t o th e 

secon d preposition .  Figur e 2  show s actua l  an d jM-edicte d 

value s fo r  th e 8  sentenc e conditions .  Th e outcom e o f  th e 

regressio n analysi s wa s tha t  th e overal l  fit  o f  th e mode l 

was quit e goo d (R 2 =  .66) .  Th e coefficien t  fo r  numbe r  o f 

operation s wa s 2 2 msec . 

Wit h respec t  t o th e prediction s describe d earlier ,  th e 

erro r  varianc e fo r  subjec t  readin g time s wa s to o larg e t o 

tes t  fo r  smal l  trend s i n th e data .  Th e predicte d curve s 

provid e a  reasonabl e matc h t o certai n trends ,  especiall y 

thos e o f  th e secon d prepositio n wher e th e mode l 

accuratel y predict s th e directio n an d siz e o f  th e garde n 

pat h effects .  However ,  th e predicte d faste r  readin g tim e o n 

th e first  prepositio n fo r  optiona l  sentence s i n tw o referen t 

contex t  di d no t  appea r  i n th e actua l  times .  Accurat e 

testin g o f  thes e prediction s mus t  awai t  empirica l  wor k 

tha t  specificall y examine s thi s hypothesis . 
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Optiona l  Unlqu *  V P Att«ch*< l 

He droppe d tn e boo K ih o cttai r  b«*lor « 

Optiona l  Unlqu o N P Attooho d 

2 - i ^ 
droppe d Ih a boo k in a 

baili e 

fi  eoo — 
1 SOO.  , 
^  40 0 
y 30 0 Ha droppe d m e boo k o n th e chai r  befor e balt l 

Obligator y Uniqu e V P Anaena a Obligator y Unlqu o M P Anaaho d 
« BOD. 
I 500, 
f  4O0 , 
X 300 

• ^ ^ = ^ 
put  tft e boo k o n th e chai r  befor e put  th e boo k o n th e battl e ont o 

Ho pu t  th e boo k o n th e chai r  belor e th e battl e ont o 

F igu r e 2 .  M e a n adjuste d readin g t im e (soli d lines )  f r o m Brit t  ( 1 9 9 1 ) .  D o t t e d line s ar e predicte d b y th e m o d e l . 

C o n c l u s i o n s 

We have argued that two factors, the successful creation 
of  referentia l  ambiguit y an d ver b argumen t  structure , 

contro l  whe n overrid e o f  a  ver b attachmen t  preferenc e 

occurs .  Brit t  (1991 )  ha s supplie d empirica l  suppor t  fo r 

thi s hypothesis ,  an d i n thi s pape r  w e offe r  a  theoretica l 

explanatio n fo r  thes e results .  Ou r  explanation ,  th e 

restricte d interactiv e model ,  acknowledge s tha t  no t  al l 

syntacti c processin g i s modula r  an d tha t  roo m mus t  b e 

made fo r  th e influenc e o f  discours e factor s suc h a s 

referentia l  ambiguity .  A t  th e sam e tim e w e reemphasiz e 

th e overal l  contro l  o f  strictl y lexica l  an d syntacti c 

information .  Discours e informatio n ca n onl y exer t  a n 

influenc e ove r  syntacti c processin g whe n n o overridin g 

syntacti c nee d exists . 
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