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Abstrac t 
We conducte d sentenc e completio n an d eye-trackin g readin g 
experiment s t o examin e th e interactio n o f  multipl e constraint s 
i n th e resolutio n o f  a  lexica l  themati c ambiguity .  Th e 
ambiguit y wa s introduce d wit h prepositiona l  "b y "-phrase s i n 
passiv e constructions ,  whic h ca n b e ambiguou s betwee n 
agentiv e an d locativ e interpretation s (e.g. ,  "buil t  b y th e 
contractor "  versu s "buil t  b y th e corner") .  Th e temporaril y 
ambiguou s sentence s wer e embedde d i n context s tha t  create d 
expectation s fo r  on e o r  th e othe r  interpretation .  Th e 
constraint s involved ,  includin g discourse-base d expectations , 
ver b biases ,  an d contingen t  lexica l  frequencies ,  wer e 
independentl y quantifie d wit h a  corpu s analysi s an d a  ratin g 
experiment .  Ou r  result s indicat e tha t  ther e wa s a n interactio n 
of  contextua l  an d mor e loca l  factor s suc h tha t  th e 
effectivenes s o f  th e context s wa s mediate d b y th e loca l  biases . 
Applicatio n o f  a n explici t  integration-competitio n mode l  t o 
th e off-hn e (sentenc e completion )  an d on-lin e (eye-tracking ) 
result s suggest s that ,  durin g th e processin g o f  thes e 
ambiguou s prepositiona l  phrases ,  ther e wa s a n immediat e an d 
simultaneou s integratio n o f  th e relevan t  constraint s resultin g 
i n competitio n betwee n partiall y  activ e alternativ e 
interpretations . 

Introduction 

Constraint-base d mode l s o f  sentenc e processin g 
(MacDonald ,  Pearlmutte r  &  Seidenberg ,  1994 ;  Trueswel l  & 
Tanenhaus ,  1994 )  propos e tha t  th e comprehensio n syste m 
continuousl y integrate s informatio n fro m a  numbe r  o f 
source s i n orde r  t o converg e o n a  consisten t  interpretation . 
Withi n thi s framework ,  ambiguit y resolutio n i s viewe d a s a 
proces s i n whic h informatio n fro m contextua l  an d mor e 
loca l  source s combine s t o provid e suppor t  fo r  competin g 
alternatives . 

Recen t  studie s hav e s h o w n tha t  discourse-base d 
informatio n ca n rapidl y combin e wit h loca l  (withi n 
sentence )  factor s t o influenc e ambiguit y resolutio n (fo r  a 
recen t  review ,  se e Tanenhau s &  Trueswell ,  1995) . 
Moreover ,  th e effectivenes s o f  discours e contex t  i s mediate d 
by loca l  constraints ,  suc h tha t  contex t  effect s ar e stronges t 
w h en loca l  biase s ar e relativel y wea k (MacDonal d e t  al. , 
1994 ;  Spivey-Knowlton ,  Trueswel l  &  Tanenhaus ,  1993) . 
However ,  u p t o thi s point ,  constraint-base d model s o f 
ambiguit y resolutio n hav e bee n criticize d a s vagu e wit h 
regar d t o th e sjjccifi c  constraint s involved ,  thei r  strength , 
and th e exac t  time-cours e an d natur e o f  thei r  integration .  I n 
addition ,  i t  i s  c o m m o n l y assume d that ,  whil e multipl e 
constraint s m a y b e integrate d i n off-lin e processin g task s 
wher e ther e i s  sufficien t  tim e t o comput e comple x 
contextua l  biases ,  th e architectur e o f  th e languag e 
processin g syste m impose s restriction s o n th e time-cours e 

wit h whic h differen t  classe s o f  constraint s ca n b e use d i n 
on-lin e processing . 

I n ligh t  o f  thes e considerations ,  th e researc h reporte d 
her e ha d tw o primar y goals .  Th e firs t  wa s t o furthe r  tes t  th e 
clai m tha t  discours e contex t  effect s ar e mediate d b y within -
sentenc e constraints ,  includin g contingen t  lexica l  frequenc y 
an d lexica l  themati c preferences .  Th e secon d wa s t o 
independentl y quantif y loca l  an d contextua l  constraint s i n 
orde r  t o examin e thei r  integratio n i n bot h off-lin e an d on -
lin e comprehension ,  i n particula r  b y applyin g a n explici t 
integration-competitio n mode l  t o th e result s (e.g. ,  Spivey -
Knowl ton ,  1994 ;  Spivey-Knowlto n &  Tanenhaus , 
submitted) . 

M u ch o f  th e researc h investigatin g th e effect s o f 
discours e contex t  ha s focuse d o n th e effect s o f  referentia l 
presupposition s i n syntacti c ambiguit y resolutio n (e.g. , 
Altman n &  Steedman ,  1988 ;  Britt ,  1994) .  However ,  th e 
referentia l  manipulation s i n thes e experiment s m a y hav e 
bee n confounde d wit h th e discourse-base d expectation s the y 
creat e (cf .  Spivey-Knowlto n &  Sedivy ,  1995) .  Additionally , 
th e focu s o n syntacti c attachmen t  ambiguitie s ha s tende d t o 
ignor e case s wher e th e indeterminac y hinge s o n th e lexica l 
ambiguit y o f  th e prepositio n itself ,  includin g wha t  themati c 
rol e i s assigne d t o th e objec t  o f  th e preposition . 

I n orde r  t o addres s th e goal s state d above ,  th e 
experiment s reporte d her e m a d e us e o f  contextuall y create d 
expectation s whic h wer e non-referentia l  i n nature ,  an d 
investigate d th e resolutio n o f  a  (non-syntactic )  lexica l 
themati c ambiguity .  Th e temporar y ambiguit y occurre d 
withi n passiv e targe t  sentence s wit h th e prepositio n "by. " 
Thi s prepositio n i s lexicall y ambiguous ,  introducin g a  nou n 
phras e tha t  ca n b e assigne d di e themati c rol e o f  a n agen t 
(e.g. ,  "buil t  b y th e contractor" )  o r  a  locatio n (e.g. ,  "buil t  b y 
th e comer" )  a m o n g others .  Discours e constraint s wer e 
manipulate d b y usin g embedde d question s t o establis h a n 
expectatio n fo r  receivin g informatio n abou t  a n agen t  o r 
location ,  withou t  differin g i n thei r  referentia l  complexity . 
Exampl e stimu h ar e show n i n (1) : 

(1) a. Agent Context/Agent Target Noun: 
T h e artis t  decide d t o g o t o th e gallery .  Onc e h e go t 
ther e h e wante d t o k n o w w h o ha d hun g hi s priz e 
painting .  H e wa s please d t o discove r  Uia t  hi s paintin g 
ha d bee n hun g b y th e directo r  earlie r  i n th e week . 

b. Location Context/Location Target Noun: 
Th e artis t  decide d t o g o t o di e gallery .  Onc e h e go t 
ther e h e wante d t o se e wher e hi s priz e paintin g ha d 
bee n hung .  H e wa s please d t o discove r  tha t  hi s paintin g 
ha d bee n hun g b y th e entranc e earlie r  i n th e week . 
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We repor t  a  corpu s analysi s an d off-lin e ratin g an d 
completio n experiment s usin g thes e material s whic h 
quantlHe d th e constraint s involve d i n th e resolutio n o f  thi s 
ambiguit y an d gav e a  measur e o f  thei r  integratio n i n off-lin e 
performance .  W e als o repor t  a n eye-trackin g readin g 
experimen t  whic h demonstrate d tha t  discourse-base d 
expectotion s ca n affec t  th e resolutio n o f  lexica l  themati c 
ambiguities .  Furthermore ,  w e sho w tha t  discours e 
constraint s interacte d wit h mor e loca l  source s o f 
information ,  includin g ver b preference s an d co-occurrenc e 
frequencies ,  i n a  competitiv e manne r  predicte d b y th e off -
lin e rating s an d applicabl e t o bot h off-lin e an d on-lin e 
processing . 

Rating and Completion Experiments 

A ratin g tas k wa s conducte d o n 2 4 subject s t o obtai n rating s 
fo r  th e importanc e o f  receivin g informatio n abou t  th e agen t 
and th e locatio n o f  th e relevan t  even t  (e.g. ,  "O n a  scal e fro m 
1 t o 5 ,  ho w importan t  i s  i t  fo r  yo u t o find  ou t  who/wher e th e 
paintin g wa s hung?") .  Rating s wer e elicite d fo r  th e agen t 
and locatio n biasin g context s alon e (th e first  tw o sentence s 
of  th e stimuli) ,  a s wel l  a s fo r  th e targe t  passiv e sentence s 
alon e (e.g. ,  Th e paintin g ha d bee n hun g ...) .  Thes e 
importanc e rating s independentl y quantifie d th e strengt h o f 
tw o constraints :  the y indicate d ho w stron g th e discours e 
expectation s wer e fo r  individua l  item s a s wel l  a s fo r  agen t 
and locatio n biasin g context s i n general ;  the y als o quantifie d 
th e biase s fo r  individua l  passiv e verb s (i n conjunctio n wit h 
thei r  subjec t  nouns) . 

An analysi s o f  th e Treeban k Corpu s wa s performe d i n 
orde r  t o quantif y th e frequenc y wit h whic h agentiv e an d 
locativ e "by"-phrase s occu r  i n passiv e consOiictions .  Ou t  o f 
over  3(X )  passiv e sentence s containin g "by"-phrases ,  no t  a 
singl e on e introduce d a  location ,  whil e agent s wer e frequen t 
(Hanna ,  Barke r  &  Tanenhaus ,  1995) .  Thi s contingen t 
frequenc y bia s indicate s tha t  a  "by"-phras e followin g a 
passiv e ver b provide s overwhelmin g suppor t  fo r  th e 
agentiv e interpretation . 

Finally ,  gate d sentenc e completion s wer e collecte d i n 
an experimen t  conducte d o n a  differen t  se t  o f  3 6 subjects . 
The percentag e o f  agentive ,  locative ,  an d othe r  completion s 
wer e recorde d fo r  eac h o f  th e 2 4 stimul i  i n si x conditions , 
crossin g th e presenc e o f  eithe r  contex t  o r  thei r  absenc e (3 ) 
wit h th e presenc e o r  absenc e o f  th e prepositio n (2) .  Tabl e 1 
shows a  summar y o f  th e completio n result s wit h sentenc e 
fragment s u p t o an d includin g "by" . 

Withou t  th e "by" ,  (fragment s lik e "Th e paintin g ha d 
been hun g ..." ;  th e N o Contex t  conditio n withou t  th e "by") , 

ther e wa s i n fac t  a  preferenc e fo r  locativ e ove r  agentiv e 
completions ;  thi s reflect s a  genera l  ver b preferenc e i n th e 
stimulu s se t  fo r  location s ove r  agent s a s wa s indicate d b y 
th e importanc e ratings .  Wit h th e additio n o f  th e prepositio n 
t o th e fragments ,  a n agentiv e preferenc e wa s foun d (Tabl e 
1) ,  a s i s consisten t  wit h th e bia s reveale d b y th e corpu s 
analysis .  Followin g a n Agen t  Context ,  agentiv e 
completion s wer e eve n mor e frequent ;  followin g Locatio n 
Context s however ,  agentiv e an d locativ e completion s wer e 
equall y probable ;  Fl(2.72)=70.55 ,  p<.001 ;  F2(2,46)=18.13 , 
p<.001 .  Thes e result s clearl y indicat e tha t  th e discours e 
contex t  wa s interactin g wit h th e contingen t  "by "  frequenc y 
bia s t o produc e th e off-lin e performance .  However ,  th e 
patter n o f  result s ove r  al l  th e verb s i n th e stimulu s se t 
obscure s th e differentia l  effect s o f  individua l  ver b biases . 
Usin g th e importanc e ratings ,  th e stimulu s item s wer e 
divide d int o th e mos t  strongl y agen t  an d locatio n biasin g 
verb s (a s wel l  a s a n intermediat e group) .  Agent-biasin g 
verb s strengthene d th e preferenc e fo r  a n agen t  completio n i n 
al l  conditions ,  bu t  stil l  showe d a n effec t  o f  context ; 
F2(2,14)=7.58 ,  p<.01 .  Likewise ,  location-biasin g verb s 
strengthene d th e preferenc e fo r  a  locatio n completio n i n al l 
conditions ,  an d als o showe d a n effec t  o f  context ; 
F2(2,14)=9.01.p<.00 5 

Thes e off-lin e result s wer e modele d withi n a n 
integration-competitio n framewor k (Spivey-Knowlto n & 
Tanenhaus ,  submitted )  tha t  implement s competitio n 
betwee n possibl e alternativ e interprelation s usin g recurren t 
feedbac k an d normalization .  I n th e Normalize d Recurrenc e 
competitio n algorithm ,  constraint s ar e define d i n term s o f 
thei r  suppor t  fo r  th e possibl e alternativ e interpretation s (i n 
thi s case ,  a n Agentiv e o r  Locativ e interpretatio n o f  th e "by" -
phrase) .  Se e Figur e 1 .  Activation s o f  th e nod e pair s fo r 
eac h constrain t  (Cn )  ar e firs t  normalized : 
Cn(norm)=Cn/2^Cn .  Then ,  activation s fo r  th e provisiona l 
interpretation s (I )  ar e calculate d a s weighte d sum s o f  thei r 
correspondin g constrain t  node s (wher e th e weight s c o mus t 
su m t o one) :  l=ZQ)nCn .  Fo r  th e final  operatio n withi n a 
cycle ,  th e activatio n o f  a n interpretatio n nod e i s multiplie d 
by th e inpu t  tha t  travele d u p a  particula r  pathwa y an d adde d 
t o th e correspondin g constrain t  node' s curren t  activation : 
Cn=Cn(norm)+la)nCn .  Th e mode l  cycle s throug h thes e 
operations ,  allowin g convergin g biase s amon g th e 
constraint s t o caus e th e interpretatio n node s t o graduall y 
setU e towar d on e provisiona l  (probabilistic )  interpretatio n o f 
th e "by"-phrase . 

For  simulatin g th e sentenc e completion s (Tabl e 1) ,  wit h 

No contex t 
Verb+"bv " 

Agent  Contex t 
Verb4-"bv " 

Locatio n Contex t 
Verb+"b v 

Completion : 

All Verbs 

Agent-Biasing Verbs 

Agentiv e Locativ e 

77% 23% 

100% 0% 

Location-Biasin e Vgrb s 2 2 % 6 1 % . 

Agentiv e Locativ e 

92% 8% 

100% 0% 

J2%. 23% 

Agentiv e Locativ e 

47% 53% 

67% 33% 

20% 

Tabl e 1 :  Percentag e o f  Agen t  an d Locatio n Completion s 
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Provisiona l  Inteqiretatio n o f  "by"-phras e 

fAgentive) (Locative) 

Constrain t  2 : 
Contextua l  Bia s 

Figur e 1 ;  Integration-competitio n architectur e fo r 
combinin g constraint s t o resolv e th e "by"-phras e 
ambiguity .  Al l  connection s ar e bidirectional .  Th e 
heavie r  weightin g o f  Constrain t  2  retlect s th e stron g 
expectation s create d b y th e stimulu s contexts . 

sentence fragments up to and including "by", the quantified 
constraint s fro m eac h contex t  an d targe t  sentenc e (provide d 
by rating s an d corpu s data )  wer e entere d int o th e model , 
whic h wa s allowe d t o iterat e fo r  1 0 cycles .  Afte r  1 0 cycles , 
th e activatio n o f  th e Agentiv e Interpretatio n nod e indicate d 
th e percentag e (o r  probability )  o f  Agentiv e completion s fo r 
tha t  stimulu s item .  Weight s fo r  th e differen t  constraint s 
wer e varie d unti l  a  se t  wa s foun d tha t  approximate d th e 
sentenc e completio n data .  (However ,  onc e thes e weight s 
wer e set ,  the y wer e kep t  constan t  fo r  th e res t  o f  th e 
simulations. ) 

Item-by-ite m variatio n i n th e dat a wa s accounte d fo r  b y 
th e simulatio n results .  Individua l  stimulu s item s tha t 
elicite d hig h percentage s o f  Agentiv e completion s tende d t o 
hav e hig h activatio n o f  th e Agentiv e Interpretatio n nod e 
afte r  1 0 cycles .  Likewise ,  stimulu s item s tha t  elicite d lo w 
percentage s o f  Agentiv e completion s tende d t o hav e lo w 
activatio n o f  th e Agentiv e Interpretatio n nod e afte r  1 0 
cycles .  Se e Figur e 2 . 

Thi s initia l  simulatio n demonstrate s h o w th e mode l  ca n 
accoun t  fo r  grade d effect s i n subjects '  biase s regardin g th e 
lexica l  themati c ambiguit y introduce d b y th e "by"-phrase . 
M o r e importantly ,  however ,  thi s simulatio n provide d a  se t 
of  weight s fo r  th e differen t  constraint s tha t  w e coul d the n 
use i n attemptin g t o simulat e on-lin e readin g data ,  wher e th e 
duratio n o f  competitio n (numbe r  o f  cycles )  shoul d 
correspon d t o m e a n readin g time s i n th e variou s 
experimenta l  conditions . 

Eye-Tracking Reading Experiment 

The result s o f  th e sentenc e completion s clearl y indicat e tha t 
context ,  a s wel l  a s ver b bias ,  play s a  stron g rol e i n resolvin g 
th e lexica l  themati c ambiguit y o f  th e "by"-phrase .  However , 
i t  i s  frequentl y argue d tha t  multipl e constraint s fro m 
discours e an d loca l  source s hav e a  length y amoun t  o f  tim e 
t o b e integrate d i n a n off-lin e tas k completion ,  wherea s i n a n 
on-lin e tas k suc h a s eye-trackin g reading ,  th e processin g 
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Figure 2: Item-by-item variation in sentence completion 
dat a an d simulatio n result s fro m Normalize d Recurrence . 

syste m impose s restriction s o n th e source s o f  informatio n 
tha t  ca n b e integrate d immediatel y (Rayner ,  Sereno ,  Morris , 
Schmauder ,  &  Clifton ,  1989) .  I n orde r  t o investigat e th e 
time-cours e o f  constrain t  integratio n i n a n on-lin e task ,  th e 
same material s wer e use d i n a n eye-trackin g readin g stud y 
i n whic h Agen t  an d Locatio n Context s wer e crosse d wit h 
congruen t  an d incongruen t  Targe t  Noun s (see ,  fo r  example , 
th e tw o congruen t  condition s i n (l) a an d b) .  Ey e 
movement s an d fixation  duration s wer e recorde d fro m 2 4 
subject s readin g on e versio n o f  eac h stimulu s (fro m th e 2  X 
2 factoria l  o f  Contex t  b y Targe t  N o u n )  amids t  3 6 filler 
stimuli .  Fo r  eye-movemen t  analysis ,  th e targe t  sentence s 
wer e segmente d int o fou r  regions :  Initia l  N P /  Ver b 
(includin g th e auxiliary )  /  "by"-phras e /  Nex t  tw o words . 
Th e "by"-phras e regio n i s th e poin t  o f  bot h th e ambiguit y 
an d it s potentia l  resolutio n give n th e appropriat e 
interpretatio n o f  th e targe t  noun . 

Figur e 3  show s th e tota l  readin g time s fo r  eac h 
recordin g region ,  includin g bot h first  pas s an d regressiv e 
fixations .  Overall ,  tota l  readin g time s a t  bot h th e "by" -
phras e an d th e nex t  regio n wer e slowe r  fo r  Locatio n Target s 
tha n Agen t  Targets ;  a t  th e "by"-phrase ,  Fl(1.20)=14.13 , 
p<.01 ;  F2(l,20)=6.76,p<.02 ;  a t  th e nex t  region , 
Fl(l,20)=14.47 ,  p<.01 ;  F2(l,20)=12.40,p<.01 .  I n addition , 
Uier e wa s a  clea r  interactio n o f  Contex t  an d Targe t  Nou n a t 
th e "by"-phras e region ,  suc h tha t  fo r  Agen t  Contexts , 
agentiv e "by"-phrase s wer e processe d m u c h faste r  tha n wer e 
locativ e "by"-phrases ,  whil e fo r  Locatio n Contexts,  bot h 
wer e processe d equall y quickl y a t  a n intermediat e rate ; 
Fl(l,20)=13.23 ,  p<.01 ;  F2(l,20)=11.47,p<.01 .  Thi s patter n 
was repeate d bu t  onl y marginall y significan t  a t  th e Nex t 
region ;  Fl(l,20)=3.65 ,  p=.07 ;  F2(l,20)=3.38 ,  p=.08 .  Thes e 
result s paralle l  thos e obtaine d wit h th e off-lin e sentenc e 
completio n task . 

Thi s genera l  patter n o f  result s i s consisten t  wit h 
account s tiiat  postulat e a  parsin g preferenc e fo r  argument s 
ove r  adjunct s (assumin g agentiv e "by"-phrase s constitut e 
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argument s an d locativ e one s adjuncts) :  location s shoul d b e 
harde r  t o proces s tha n agent s regardles s o f  contex t  (cf. , 
Liversedge ,  Pickerin g &  Branigan ,  1995) .  However ,  th e 
dat a patter n ove r  al l  th e stimul i  conceal s differentia l  effect s 
tha t  emerg e whe n ver b biase s ar e take n int o account .  Th e 
stimulu s item s wer e divide d int o strongl y agen t  an d locatio n 
biasin g verb s an d tw o differen t  pattern s emerged ,  jus t  a s i n 
th e completio n data .  A m o n g th e eigh t  Agen t  Biasin g Verbs , 
tota l  readin g time s a t  th e "by"-phras e wer e fastes t  fo r  Agen t 
Target s an d slowes t  fo r  Locatio n Targets ,  regardles s o f 
context ;  F2(l,4)=30.10,p<.01 .  However ,  amon g th e eigh t 
Locatio n Biasin g Verbs ,  ther e wa s a  Contex t  b y Targe t 
interactio n suc h tha t  readin g time s wer e slowes t  fo r  target s 
tha t  wer e incongruen t  wid i  th e context ,  i.e .  Agen t  Contex t  -
Locatio n Targe t  an d Locatio n Contex t  -  Agen t  Target ; 
F2(l,4)=18.10,p<.02 .  I n othe r  words ,  followin g Locatio n 
Context s an d Locatio n Biasin g Verbs ,  subject s actuall y 
foun d i t  easies t  t o proces s Locatio n Targets ,  a  resul t  tha t 
argument/adjunc t  proposal s canno t  accoun t  for . 

Althoug h th e tota l  readin g tim e result s showe d a 
reliabl e interactio n betwee n contex t  an d target ,  i t  i s 
commonl y argue d tha t  tota l  readin g times,  i n general ,  d o no t 
provid e evidenc e regarding  th e initia l  moment s o f  ambiguit y 
resolutio n (Rayne r  e t  al. ,  1989) .  Firs t  pas s readin g times , 
wher e fixatio n duration s fro m regressiv e ey e movement s ar e 
exclude d fro m th e analysis ,  m a y provid e a  mor e accurat e 
measur e o f  initia l  processe s durin g ambiguit y resolution . 
Figur e 4  show s first  pas s readin g time s acros s critica l 

region s o f  di e targe t  sentence .  Th e result s exhibi t  wha t 
look s lik e a n interactio n betwee n contex t  an d targe t  a t  tiie 
"by"-phra.se ,  bu t  thi s interactio n (wher e Agen t  Target s wer e 
rea d slightl y faste r  i n Agen t  Context s an d Locatio n Target s 
wer e rea d slightl y faste r  i n Locatio n Contexts )  di d no t 
achiev e statistica l  significance ;  Fl(l,20)=1.4 ,  p>.l ; 
F2(  1,20) = 1.55 ,  p>.l .  Result s suc h a s thes e (firs t  pas s 
readin g times  failin g t o sho w a  reliabl e contex t  effect )  ar e 
typicall y interprete d a s clea r  evidenc e fo r  a  seria l 
applicatio n o f  constraint s i n whic h contex t  i s  no t  use d 
durin g initia l  ambiguit y resolutio n (e.g. ,  Rayner ,  Garro d & 
Perfeui ,  1992) , 

However ,  i n a  competitio n mode l  usin g Normalize d 
Recurrenc e (se e Figur e 1) ,  subU e grade d effect s o f  contex t 
ca n b e accounte d fo r  b y conflictin g bia,se s arisin g fro m th e 
relevan t  consti-aints .  I n thi s model ,  ambiguit y resolutio n i s 
not  a  proces s o f  categoricall y selectin g on e alternativ e an d 
possibl y havin g t o revis e tiiis  discret e interpretatio n a t  a 
late r  tim e (e.g. ,  Frazier ,  1987) .  Instead ,  thi s mode l  allow s 
th e alternativ e interpretation s t o b e simultaneousl y partiall y 
active ,  an d compet e agains t  on e anothe r  ove r  lime .  Thus , 
slo w readin g time s ar e a n indicatio n o f  length y competitio n 
(du e t o conflictin g constraints) ,  rathe r  tha n initia l 
misinterpretatio n followe d b y revision . 

Most  importantly ,  i n th e mode l  describe d here ,  al l 
informatio n source s (contex t  an d loca l  constraints )  ar e 
integrate d simultaneously .  Therefore ,  i f  tiiis  paralle l  mode l 
can simulat e th e first  pas s readin g times  a t  th e "by"-phras e 

700 
Agent  Contex t  -  Agen t  Targe t 

9 Agen t  Contex t  -  Locatio n Targe t 
- A — Locatio n Contex t  -  Agen t  Targe t 
- A — Locatio n Contex t  -  Locatio n Targe t 

^ 6 o o ^ 

g 

E 

^  50 0 
U) 
B 

1 

73 400H 

300 

' B y " - p h r a s e 

R e g i o n 

Figur e 3 :  Tota l  readin g times  fo r  Ui e recordin g region s o f  di e agen t  an d locatio n targe t  sentence s i n agen t  an d 
locatio n biasin g contexts .  Th e Locatio n Targe t  Noun s caus e mor e processin g difficult y tha n Agen t  Targe t  Nouns , 
but  thi s interact s wit h Contex t  a t  th e "by"-phrase . 

269 



50 0 

450 -

E 

. 5 40 0 

W2 

35 0 

30 0 

• O — Agent  Contex t  Agen t  Targe t 

Agent  Contex t  -  Locatio n Targe t 

Locatio n Contex t  -  Agen t  Targe t 
Locatio n Contex t  -  Locatio n Targe t 

N P V " B y ' - p h r a s e N e x t 

R e g i o n 

Figur e 4 :  Firs t  pas s readin g time s fo r  th e agen t  an d locatio n targe t  sentence s i n agen t  an d locatio n biasin g contexts . 

(Figur e 4 ) ,  i t  woul d pos e a s a n existenc e proo f 
demonstratin g tha t  th e dat a patter n doe s no t  provid e "clea r 
evidenc e fo r  a  seria l  syste m i n whic h contex t  i s  no t  use d 
durin g initia l  ambiguit y resolution. " 

Th e sam e computationa l  architectur e (wit h th e sam e 
input s an d weights )  use d t o simulat e th e sentenc e 
completio n dat a wa s allowe d t o iterat e unti l  eithe r 
interpretatio n nod e reache d a  dynami c criterio n o f  activatio n 
tha t  decrease d ove r  tim e (l-.Olt ,  wher e t  i s th e numbe r  o f 
cycle s tha t  hav e elapsed) .  Th e numbe r  o f  cycle s i t  too k fo r  a 
stimulu s ite m t o reac h criterio n wa s a n indicatio n o f  h o w 
m u ch competitio n shoul d tak e plac e a t  th e "by"-phras e i n 
tha t  stimulu s item .  Figur e 5  show s th e mea n firs t  pa.s s 
readin g time s a t  th e "by"-phras e combine d wit h th e m e a n 
number  o f  competitio n cycle s fo r  item s i n thos e conditions . 

I n th e simulation ,  th e lengthies t  competitio n occurre d 
when a  strongl y weighte d constrain t  (sentenc e completion s 

wer e bes t  fit  wit h Contex t  give n a  weigh t  o f  2/3 )  wa s pitte d 
agains t  a  strongl y biase d constrain t  (base d o n th e corpu s 
data ,  "by "  i s give n a  .9 8 bia s fo r  AgenUv e an d .0 2 bia s fo r 
Locative) ;  thi s i s th e Locatio n Contex t  -  Agen t  Targe t  N o u n 
condition .  Th e briefes t  competitio n occurre d whe n thos e 
tw o stron g constraint s bot h converge d o n a n Agentiv e 
interpretation ;  thi s i s th e Agentiv e Contex t  -  Agen t  Targe t 
N o un condition .  Se e Figur e 5 .  Intermediat e degree s o f 
conflic t  betwee n constraint s elicite d intermediat e 
competitio n durations ,  an d readin g times ;  thes e ar e bot h 
Locatio n Targe t  N o u n conditions .  I n particular ,  reader s di d 
not  hav e a s m u c h difficult y a s migh t  b e expecte d i n th e 

Agen t  Contex t  -  Locatio n Targe t  N o u n condition .  Thi s 
coul d b e interprete d a s evidenc e fo r  th e delaye d us e o f 
contextua l  information .  However ,  th e model ,  whic h use s al l 
informatio n source s immediately ,  showe d exactl y thi s 
pattern .  I n addition ,  i n thi s conditio n th e mode l  wa s actuall y 
frequentl y convergin g relativel y quickl y (a t  tha t  poin t  i n th e 
.sentence )  towar d a n Agentiv e interpretatio n o f  th e "by" -
phrase .  Thus ,  i n thi s condition ,  th e mode l  generall y predict s 
tha t  late r  o n i n th e sentence ,  a s furthe r  informatio n provide s 
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suppor t  i n favo r  o f  th e Locativ e interpretation ,  ther e woul d 
be especiall y lon g readin g times ,  an d a  hig h probabilit y o f 
regressiv e ey e movements ,  a s th e constraint s graduall y 
overthro w th e supremac y o f  th e Agentive  interpretatio n (o r 
probabilisticall y "revise "  th e interpretation) .  Indeed ,  (hi s 
Agent  Contex t  Locatio n Targe t  Nou n conditio n showe d 
th e longes t  tota l  readin g lime s (Figur e 3) ,  a s wel l  a s th e kin d 
of  regressiv e ey e movement s tha t  woul d accompan y a 
probabilisti c  "revision "  o f  thi s sort .  Figur e 6  show s th e 
probabilit y o f  a  regressiv e eye-movemen t  fro m th e Nex t 
Regio n (th e tw o word s followin g th e "by"-phrase) ,  overlai d 
wit h th e absolut e differenc e betwee n th e activatio n o f  th e 
Agentiv e Interpretatio n nod e afte r  competitio n a t  "by" ,  an d 
th e inpu t  fro m th e Targe t  Noun' s suppor t  fo r  th e Agentiv e 
interpretation .  Thi s metri c provide s a n indicatio n o f  th e 
degre e t o whic h th e model' s "current "  interpretatio n wa s 
incompatibl e wit h th e ne w input . 
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Figur e 6 :  Regressiv e eye-movement s ou t  o f  th e Nex t  regio n 
and mode l  simulatio n o f  inleipretalio n incompatibility . 

General Discussion 

The result s presente d her e provid e evidenc e tha t  discours e 
contex t  effect s ar e mediate d b y loca l  (within-sentence ) 
constraints .  Specifically ,  contextuall y create d expectation s 
interacte d wit h a  contingen t  lexica l  frequenc y bia s an d ver b 
preference s durin g th e resolutio n o f  a  lexica l  themati c 
ambiguity .  Thi s point s t o th e importan t  an d immediat e rol e 
of  bot h discours e an d lexica l  representation s durin g 
ambiguit y resolutio n (MacDonal d e t  al. ,  1994 ;  Spivey -
Knowlto n e t  al. ,  1993 ;  Trueswel l  &  Tanenhaus ,  1994) . 
Furthermore ,  b y independentl y quantifyin g th e relevan t 
constraint s an d examinin g thei r  interactio n withi n a 
framewor k tha t  utilize s a n explici t  competitio n algoridi m t o 
model  processin g difficulty ,  a  cleare r  pictur e o f  th e time -
cours e an d natur e o f  constrain t  integratio n an d ambiguit y 
re.solutio n emerges .  Th e relevan t  constraint s ar e 
immediatel y an d simultaneousl y integrated ,  resultin g i n 
competitio n betwee n partiall y  activ e alternativ e 
interpretations .  Thi s metho d o f  independen t  constrain t 
quantificatio n an d explici t  modelin g o f  off-lin e an d on-lin e 
dat a demonstrate s tha t  constraint-base d modelin g ca n b e 
pursue d i n a  principle d fashion .  Moreover ,  thi s accoun t 
suggest s tha t  pattern s o f  loca l  processin g difficult y tha t  hav e 

previousl y bee n interprete d a s evidence  fo r  architecturall y 
impose d delay s i n th e us e o f  certai n constraint s ar e i n fac t  a 
natura l  consequenc e o f  competitio n amon g alternative s i n a 
p<u-alle l  constraint-base d system . 
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