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Model in g th e Rol e o f  Plausibilit y  an d Verb-bia s i n th e 

Direc t  Object/Sentenc e C o m p l e m e n t  Ambigu i t y 

Todd R. Ferretti (lo(id@sunrae.sscl.uwo.ca) 

K e n M c R a e (mcrae@uwo.ca ) 

Departmen t  o f  Psychology ,  Socia l  Scienc e Centre ,  Universit y o f  Wester n Ontari o 
London ,  Ontario ,  Canad a N 6 A 5 C 2 

Abstrac t 

We provide a computational account of the integration of 
variou s constraint s propose d t o b e involve d i n th e resolutio n 
of  th e direc t  object/sentenc e complemen t  ambiguity .  I n th e 
first  part ,  competition-integratio n simulation s sho w tha t  a 
constraint-base d mode l  account s fo r  th e result s o f  Garnsey , 
Pearlmutter ,  Myers ,  an d Lotock y (1997 )  a t  leas t  a s wel l  a s th e 
garden-pat h model .  I n th e secon d part ,  w e compar e th e 
efficac y o f  normin g technique s fo r  capturin g plausibilit y 
effects .  Simulation s sho w tha t  norm s designe d t o ta p people' s 
conceptua l  knowledg e o f  event s bette r  captur e plausibilit y 
effect s tha n d o norm s tha t  ar e biase d towar d tappin g linguisti c 
knowledge .  W e conclud e tha t  loca l  informatio n concernin g 
even t  plausibilit y  i s a n importan t  constrain t  fo r  understandin g 
ambiguit y resolution . 

Part 1: Distinguishing Between Theories of 

S e n t e n c e P r o c e s s i n g 

The huma n languag e comprehensio n syste m i s impressiv e i n 
it s abilit y  t o integrat e multipl e source s o f  informatio n whe n 

comprehendin g sentence s (Marslen-Wilson ,  1975) .  Mos t 
theorie s o f  sentenc e comprehensio n includ e th e ide a tha t 
understandin g sentence s involve s th e rapi d integratio n o f 
genera l  syntacti c informatio n (Frazie r  &  Rayner ,  1982) , 
lexically-specifi c  syntacti c informatio n (MacDonald , 
Pearlmutter ,  &  Seidenberg ,  1994 ;  Garnse y e t  al. ,  1997) , 

discours e informatio n (Spive y &  Tanenhaus ,  1998) ,  an d 

knowledg e o f  themati c role s (McRae ,  Ferretti ,  &  Amyote , 
1997 ;  Trueswell ,  Tanenhaus ,  &  Garnsey ,  1994) .  The y differ , 
however ,  i n thei r  claim s abou t  precisel y w h e n th e 
comprehensio n syste m exploit s variou s type s o f  information . 
T wo prominen t  theorie s o f  sentenc e processin g hav e 

emerge d i n thi s debate . 
The garden-pat h mode l  (Frazier ,  1987 ;  Frazie r  &  Rayner , 

1982 )  claim s th e comprehensio n syste m naivel y constrain s 
initia l  interpretatio n b y usin g a  limite d subse t  o f  th e relevan t 
information ,  reservin g othe r  informatio n source s fo r 
evaluatin g and ,  i f  necessary ,  revisin g th e initia l 
interpretation .  Th e firs t  stag e o f  comprehensio n use s onl y th e 
majo r  syntacti c categor y o f  eac h wor d (noun ,  verb ,  etc.) , 
phrase-structur e rules ,  an d a  smal l  se t  o f  syntacti c decisio n 
principles .  O n e o f  thes e principles ,  minima l  attachment , 
state s tha t  th e initia l  interpretatio n alway s correspond s t o th e 
simples t  structur e tha t  ca n b e built .  Th e secon d stag e o f 

comprehensio n temporall y lag s behin d th e first ,  wit h al l 

potentiall y  relevan t  source s o f  knowledg e bein g use d t o 
evaluate ,  an d i f  necessary ,  revis e th e initia l  structure . 

I n contrast ,  th e constraint-base d approac h view s syntacti c 
ambiguit y resolutio n a s a  continuou s proces s i n whic h th e 

most  likel y syntacti c alternative s ar e evaluate d wit h respec t 
t o al l  availabl e evidenc e (MacDonal d e t  al. ,  1994 ;  M c R a e , 
Spivey-Knowlton ,  &  Tanenhaus ,  1998) .  Thus ,  th e 
distinguishin g feature s o f  thi s mode l  ar e tha t  multipl e 
constraint s ar e combine d t o c o m p u t e alternativ e 
interpretation s i n parallel ,  an d tha t  thes e alternative s compet e 
wit h on e anothe r  durin g processing .  Unlik e th e garden-pat h 
model ,  lexically-specifi c  knowledg e an d relevan t  discours e 

informatio n i s availabl e t o guid e initia l  interpretation s rathe r 
tha n solel y t o revis e th e initia l  interpretatio n i f  i t  i s incorrect . 

The Direct Object/Sentence Complement Ambiguity 

Th e direc t  object/sentenc e complemen t  ambiguit y occur s 
w h en a  nou n phras e (NP )  followin g a  mai n ver b i s 
temporaril y  ambiguou s wit h respec t  t o it s relationshi p t o th e 
verb .  Conside r  th e followin g examples : 

la )  Th e gossip y neighbo r  hear d (that )  th e stor y ha d neve r 
actuall y bee n true . 

lb )  Th e gossip y neighbo r  hear d (that )  th e hous e woul d 
neve r  b e floode d again . 

I n (1) ,  th e N P s "th e story "  an d "th e house "  ar e ambiguou s a s 

t o whethe r  the y ar e th e direc t  objec t  o f  th e ver b (i.e. , 
somethin g tha t  someon e ha s heard) ,  o r  th e subjec t  o f  a 
sentenc e complemen t  (somethin g tha t  someon e ha s hear d 
about) .  I n (la) ,  fo r  example ,  whe n th e complementize r  "that " 
i s  remove d fro m thes e sentences ,  reader s receiv e 
confirmatio n tha t  th e gossip y neighbo r  ha s no t  directl y hear d 
th e stor y whe n the y rea d th e auxiliar y ver b "had "  o r  "would" . 
Readers '  us e o f  verb-bia s an d plausibilit y  informatio n t o 
constrai n resolutio n o f  th e direc t  object/sentenc e complemen t 
ambiguit y ha s recentl y bee n investigate d b y Garnse y e t  al . 
(1997) .  The y manipulate d th e plausibilit y o f  th e post-verba l 
nou n a s a  direc t  object .  Fo r  example ,  i n (la )  "th e story "  i s a 
plausibl e direc t  objec t  o f  th e ver b "heard "  (i.e. ,  peopl e ten d t o 
hear  storie s directly) ,  wherea s "th e house "  i s no t  a s plausibl e 
(peopl e d o no t  commonl y hea r  house s directly) .  O f  particula r 
interes t  t o Garnse y e t  al .  wa s h o w thi s typ e o f  plausibilit y 
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Figur e 1 :  Readin g difficult y (ambiguou s unambiguou s 

readin g times )  fo r  equi-bia s verb s i n th e tw o critica l  region s 

of  th e sentence s fo r  bot h implausibl e an d plausibl e direc t 
objects . 

information influences ambiguity resolution when the main 
ver b o f  th e sentenc e frequentl y occur s wit h eithe r  direc t 
object s (e.g. ,  heard) ,  sentenc e complement s (indicated) ,  o r 
bot h structure s wit h abou t  equa l  probabilit y  (felt) .  Th e mai n 
predictio n o f  thi s stud y wa s tha t  direc t  objec t  plausibilit y 

woul d hav e it s stronges t  influenc e whe n verb s appeare d wit h 
th e alternativ e syntacti c structure s wit h abou t  equa l 
probability .  Thi s predictio n wa s supporte d b y thei r  first-pas s 

eyetrackin g results ,  illustrate d i n Figur e 1 .  W h e n a  plausibl e 

N P ("th e story" )  followe d a n equi-bia s verb ,  reader s ha d 

difficult y a t  th e disambiguatin g regio n ("ha d never") ,  bu t  no t 
when th e N P wa s implausibl e ("th e house") .  Thi s patter n o f 
result s appear s t o b e mos t  compatibl e wit h th e constraint -

base d model .  However ,  becaus e th e possibilit y  remain s tha t 
revisio n processe s m a y hav e accounte d fo r  th e data ,  th e 
result s m a y b e capture d b y th e garden-pat h theor y a s well . 

Competition-Integration Modeling 

T o distinguis h betwee n thes e alternatives ,  tw o competition -
integratio n model s wer e constructe d t o implemen t  th e 
prediction s o f  th e opposin g theories .  Figur e 2 a present s a 
schemati c o f  th e garden-pat h versio n o f  th e model ,  wherea s 

Figur e 2 b i s th e constraint-base d version .  I n thes e models , 
th e syntacti c alternative s compet e wit h on e anothe r  durin g 
processin g unti l  on e alternativ e reache s a  criterio n value . 
Competitio n arise s becaus e multipl e constraint s provid e 

suppor t  fo r  variou s interpretations .  A  majo r  assumptio n o f 

thi s mode l  i s tha t  th e amoun t  o f  competitio n produce d i n a 
regio n o f  a  sentenc e i s proportiona l  t o th e readin g difficult y 
peopl e experienc e a t  th e region ,  wit h readin g difficult y 
measure d a s th e reading-tim e differenc e betwee n ambiguou s 
(n o "that" )  an d unambiguou s ("that "  present )  version s o f  th e 
sentence . 

The Relevant Constraints 

Th e tw o version s o f  th e mode l  diffe r  mos t  significantl y i n 

tha t  th e garden-pat h versio n include s a n additiona l  constraint , 
labele d genera l  ver b bias ,  tha t  represent s th e minima l 

Direc t 
Obioc i 

Sententia l 

VERB BIA S 

2 a (  Q - ' Q ] 

SENTENCE COMPLEMENT VERB BIA S 
(Syntacti c Disambiguaiinn ) 

PLAUSIBILIT Y O F 
AMBIGUOUS N P 

Direc t 
Objec t 

Sententia i 
Complement 

VERB BIA S PLAUSIBILIT Y O F 
AMBIGUOUS N P 

SENTENCE COMPLEMENT VERB BIA S 
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F igur e 2 :  2 a i s a  schemat i c o f  th e garden-pat h versio n o f  th e 
m o d e l ,  w h e r e a s 2 b i s th e constraint-base d version . 

attachment parsing principle. This constraint provides full 
suppor t  fo r  th e direc t  objec t  interpretatio n i n th e m a i n ver b 
regio n becaus e thi s i s th e simples t  syntacti c structur e tha t  ca n 

b e constructe d f r o m th e inpu t  t o tha t  point .  I n addition ,  ther e 

ar e thre e constraint s c o m m o n t o bot h versions :  verb-bias ,  th e 
plausibilit y o f  th e pos tve rba l  N P ,  a n d th e sentenc e 
c o m p l e m e n t  bia s p rov ide d b y th e auxiliar y verb .  T h e verb -
bia s constrain t  capture s th e lexically-specifi c  bia s o f  th e m a i n 

ver b i n te rm s o f  th e f requenc y w i t h w h i c h i t  i s  fo l lowe d b y a 
direc t  object ,  a  sentenc e complement ,  o r  som e "other " 
structur e suc h a s a  prepositiona l  phras e o r  infinitive .  Th e 
value s fo r  thi s constrain t  wer e take n fro m sentenc e 

completion s collecte d b y Garnse y e t  al .  an d th e mean s ar e 
liste d i n th e smal l  circle s insid e th e rectangl e representin g 
verb-bias.) .  Th e "plausibilit y  o f  ambiguou s N P "  constrain t 
capture s plausibilit y  informatio n provide d b y th e nou n 
appearin g i n th e ambiguou s N P region .  Not e tha t  th e "P "  an d 

"I "  value s i n th e smal l  circle s represen t  th e mea n plausibilit y 
of  th e noun s (divide d b y th e highes t  ratin g possible )  labele d 
as plausibl e an d implausibl e b y Garnse y e t  al .  Thes e value s 
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wer e collecte d i n a  normin g stud y whic h i s describe d i n mor e 

detai l  i n Par t  2 .  Finally ,  th e "sentenc e complemen t  ver b bias " 

constrain t  full y  support s th e sentenc e complemen t  structur e 

becaus e i t  reflect s th e fac t  tha t  th e auxiliar y ver b 

disambiguate s th e sentenc e towar d th e complemen t 

interpretation . 
Ther e wer e n o fre e parameter s i n th e constraint-base d 

versio n o f  th e model .  Eac h constrain t  wa s give n a  weigh t  o f  1 
becaus e th e verb-bia s entere d int o competitio n a t  th e initia l 

ver b region ,  plausibilit y  entere d a t  th e N P regio n ("th e 

story" )  an d th e sentenc e complemen t  verb-bia s entere d a t  th e 
"ha d never "  region .  I n th e garden-pat h version ,  bot h th e 

lexically-specifi c  verb-bia s an d plausibilit y  wer e delaye d b y 

one word .  Thus ,  minima l  attachmen t  entere d competitio n 
alon e a t  th e initia l  verb s an d th e verb-bia s entere d alon e a t 

th e N P region ,  s o bot h wer e give n a  weigh t  o f  1 .  Becaus e th e 
remainin g tw o constraint s entere d a t  th e "ha d never "  region , 
th e mos t  straightforwar d wa y t o weigh t  the m wa s . 5 each . 

Not e howeve r  tha t  simila r  result s wer e obtaine d usin g 

weight s i n th e rang e o f  .27. 8 t o .87.2 . 

Processing 

A.S i n M c R a e e l  al .  (1998) ,  constraint s wer e integrate d a t 
eac h regio n usin g a  three-ste p normalize d recurrenc e 
mechanism .  First ,  eac h o f  th e c  informationa l  constraint s 

was normalized . 

5c.a(norm) = 5c,a/l5c,a (1) 

5c_a represent s th e activatio n o f  eac h constrain t  nod e (i.e. , 

th e c" '  constrain t  tha t  i s  connecte d t o th e a} ^  interpretatio n 
node) .  5c,a(norni )  i s  th e normalize d constrain t  activation . 

Constraint s wer e the n integrate d a t  eac h interpretatio n node . 

4 =  2  [W c *  5c,a(norm) ]  (2 ) 

/a represents the activation of the a'*' interpretation node. 

The weigh t  linkin g th e ĉ ^  constrain t  nod e t o interpretatio n 

nod e / a i s represente d b y Wc .  Finally ,  th e interpretatio n 

node s sen t  positiv e feedbac k t o th e constraint s base d o n 
Equatio n 3 .  Not e tha t  th e weight s wer e equa l  i n bot h 
directions . 

•Sc. a =  5c,a(norm )  +  / a *  w c *  5c,a(norm ) (3 ) 

Thes e thre e step s wer e compute d i n sequenc e fo r  eac h cycl e 
of  competition .  Th e networ k iterate s a t  eac h region ,  wit h th e 
differenc e betwee n th e interpretatio n node s graduall y 

increasin g unti l  a  criterio n i s reached .  Thi s criterio n change s 
ove r  th e iteration s withi n a  regio n s o tha t  i t  become s mor e 
la x a s competitio n ensues .  A  dynami c criterio n i s necessar y 
fo r  simulatin g readin g acros s multipl e region s o f  a  sentenc e 
due t o th e fac t  tha t  fixatio n duration s ar e partiall y 
determine d b y a  prese t  timin g progra m (Rayne r  &  Pollatsek , 
1989) ;  tha t  is ,  a  reade r  wil l  spen d onl y s o lon g o n a  fixatio n 
befor e makin g a  saccade .  A s i n Spive y an d Tanenhaus ' 
(1998 )  eyetrackin g simulations ,  w e use d Acri t  =  .01 . 
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Figur e 3 :  Cycle s o f  competitio n t o reac h th e dynami c 
criterio n fo r  plausibl e an d implausibl e noun s i n th e tw o 

critica l  region s fo r  th e sentence s containin g equi-bia s verbs . 

Simulation Results 

As illustrate d i n Figur e 3a ,  th e garden-pat h simulatio n 
predict s a  differen t  patter n o f  ambiguit y effect s tha n thos e 
foun d i n th e huma n reading-tim e dat a show n i n Figur e I .  Th e 
mai n differenc e betwee n th e simulation s ca n b e see n i n th e 
patter n o f  competitio n a t  th e auxiliar y ver b region .  Th e majo r 
discrepanc y betwee n th e huma n dat a an d th e garden-pat h 
simulatio n i s tha t  th e implausibl e noun s produce d mor e 
competitio n tha n th e plausibl e noun s i n thi s region .  Thi s 
patter n o f  result s i s opposit e t o tha t  foun d i n th e Garnse y e t 
al.' s  eyetrackin g data .  Basically ,  th e dela y o f  th e verb-bia s 
and plausibilit y  informatio n coul d no t  b e overcome .  I n 
contrast ,  th e constraint-base d simulatio n produce d les s 
competitio n fo r  implausibl e noun s tha n fo r  plausibl e noun s i n 
th e auxiliar y ver b region ,  a s wa s foun d i n th e reading-tim e 
experiment .  Thes e simulation s ad d t o thos e o f  M c R a e e t  al . 
(1998 )  an d Spive y an d Tanenhau s (1998 )  i n suggestin g tha t 
architecturally-determine d delay s o f  lexically-specifi c 
syntacti c an d plausibilit y  informatio n ar e no t  presen t  i n th e 
human sentence-comprehensio n system . 

A loo k a t  th e result s o f  th e constraint-base d simulation , 
however ,  show s tha t  althoug h i t  capture d th e h u m a n dat a 
bette r  tha n di d th e garden-pat h model ,  i t  doe s no t  completel y 
captur e th e patter n o f  results .  I n particular ,  th e patter n o f 
readin g difficult y a t  th e ver b versu s a t  th e auxiliar y regio n 
was no t  mimicked .  Thi s i s addresse d i n Par t  2 . 
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Tabl e 1 :  M e a n (an d standar d error )  o f  th e rating s fo r  th e item s i n th e Equi-bia s condition s o f  Garnse y e t  al .  fo r  eac h normin g 

technique .  Value s represen t  th e actua l  ratin g divide d b y th e highes t  ratin g possibl e fo r  eac h technique .  "Plausibl e D O "  an d 

"Implausibl e D O "  signif y noun s tha t  wer e classifie d a s plausibl e o r  implausibl e direc t  object s b y Garnse y e t  al . 

Garnse y etal .  (1997 ) 

Plausibl e D O Implausibl e D O 

Role/Fille r  (n o subject ) 

Plausibl e D O Implausibl e D O 

Role/Fille r  (wit h subject ) 

Plausibl e D O Implausibl e D O 

Ratin g A s Direc t  Objec t 

.9 3 (.01 )  .4 2 (.03 ) 
Ratin g A s Hea d o f  Sentenc e Complemen t 

.8 5 (.02 )  .8 1 (.02 ) 

.7 5 (.04 )  .3 3 (.01 ) 

.74 (.03) .42 (.03) 

.7 4 (.04 ) 

.83 (.04) 

.3 4 (.03 ) 

.52 (.05) 

P a r t  2 :  E s t i m a t i n g Plausibilit y  Cons t ra in t s 

O ne possibl e reaso n tha t  th e constraint-base d simulatio n di d 

not  simulat e th e huma n dat a mor e closel y i s tha t  th e measur e 
use d t o inde x plausibilit y  di d no t  properl y captur e it .  Garnse y 

et  al .  indexe d plausibilit y b y askin g participant s t o rat e 

sentence s o r  sentenc e fragments .  T o estimat e th e plausibilit y 
of  th e postverba l  noun s a s direc t  objects ,  participant s rate d 
sentence s simila r  t o (2a )  o n a  7-poin t  scal e (7=ver y 
plausible) .  T o estimat e th e plausibilit y  o f  postverba l  noun s a s 

th e subjec t  o f  a  sentenc e complement ,  participant s rate d 
sentenc e fragment s suc h a s (2b) . 

(2a) The account executive concluded the speech. 
(2b )  Th e accoun t  executiv e conclude d tha t  th e ban k ha d 

One potential problem with this type of norming is that 
ratin g sentence s an d sentenc e fragment s fo r  overal l 
plausibilit y m a y no t  b e th e bes t  indicato r  o f  loca l  plausibilit y 

contingencie s betwee n lexica l  concept s i n sentences .  A n 
alternativ e metho d fo r  capturin g th e plausibilit y  tha t  specifi c 

object s o r  entitie s pla y variou s role s i n specifi c  event s ha s 

bee n develope d b y M c R a e an d colleague s (McRa e e t  al , 
1997 ;  M c R a e e t  al. ,  1998) .  Th e underlyin g assumptio n o f  thi s 
normin g metho d i s tha t  nou n an d ver b combination s denot e 
situation s tha t  happe n i n th e world .  S o m e o f  thes e situation s 

ten d t o b e c o m m o n an d other s les s c o m m o n .  Role/fille r 
typicalit y norm s inde x th e plausibilit y  o f  noun s a s filler s fo r 
themati c role s o f  verb s b y measurin g h o w commonl y th e 
denote d situatio n occur s i n th e world .  Thes e norm s diffe r 

fro m sentenc e rating s i n tha t  the y abstrac t  awa y fro m th e 
linguisti c structure s an d focu s directl y o n knowledg e abou t 
event s o r  situations .  M c R a e e t  al .  (1998 )  showe d tha t  thi s 
worl d knowledg e i s compute d an d use d immediately . 

Th e followin g experiment s an d simulatio n examine d th e 
possibilit y  tha t  usin g a  situation-base d measur e o f 
plausibilit y  migh t  she d som e ligh t  o n th e patter n o f 

plausibilit y  effect s foun d b y Garnse y e t  al . 

M e t h o d 

Participants 

Sixty-eigh t  nativ e English-speakin g psycholog y 

undergraduate s fro m th e Universit y o f  Wester n Ontari o 

receive d cours e credi t  fo r  thei r  participation . 

Materials and Procedure 

The 1 6 equi-bia s verb s an d thei r  correspondin g plausibl e an d 

implausibl e noun s wer e rate d i n tw o normin g studies .  Th e 
firs t  indexe d th e plausibilit y  o f  eac h nou n a s eithe r  th e direc t 

objec t  o r  subjec t  o f  a  sentenc e complemen t  wit h th e initia l 

nou n phras e lef t  unspecified ,  thu s indexin g mor e locall y th e 

plausibilit y o f  th e verb-nou n combination .  Th e secon d 

normin g stud y di d th e same ,  bu t  th e initia l  nou n phras e wa s 
included .  Thi s stud y tappe d h o w plausibilit y  change s a s a 
resul t  o f  certai n entitie s bein g involve d i n th e situation s 
denote d b y th e verb s (i.e. ,  noun-verb-nou n combinations) . 

Ratings for Verb-Noun Combinations 

To estimat e plausibilit y o f  th e post-verba l  nou n a s a  direc t 
object ,  participant s wer e aske d question s suc h as : 

H o w c o m m o n i s i t  fo r  a 

stor y 

hous e 
t o b e hear d b y someone ? 

Not e tha t  i n th e stud y th e targe t  noun s wer e place d amon g 
severa l  fille r  noun s tha t  varie d i n plausibility . 

Similarly ,  t o estimat e plausibilit y  o f  th e post-verba l  noun s 
as th e subjec t  o f  a  sentenc e complement ,  participant s rate d 
th e sam e noun s followin g question s suc h as : 

H o w c o m m o n i s i t  fo r  someon e t o hea r  somethin g abou t  a  ? 

Participant s rate d eac h combinatio n o n a  9-poin t  scale ,  wher e 
1 corresponde d t o ver y u n c o m m o n an d 9  t o ver y common . 
For  eac h questio n type ,  th e 1 6 item s wer e place d i n tw o 

separat e booklets ,  wit h th e secon d bookle t  containin g th e 
same questio n forma t  a s th e firs t  bu t  wit h th e item s i n 
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reverse d order .  Participant s wer e no t  unde r  tim e pressur e bu t 

wer e aske d no t  t o spen d to o muc h tim e o n an y on e item ,  an d 

t o writ e d o w n th e numbe r  tha t  corresponde d t o thei r  firs t 

impression .  Participant s rate d noun s a s a  direc t  objec t  o r  a s a 

head o f  a  sentenc e complement ,  bu t  no t  both .  Th e booklet s 

too k approximatel y 3 0 minute s t o complete . 

Ratings for Noun-Verb-Noun combinations 

To inde x plausibilit y  whe n th e initia l  nou n phrase s wer e 

included ,  participant s wer e aske d question s suc h as : 

H ow c o m m o n i s i t  fo r  a 

stor y 

hous e 
t o b e hear d b y a  gossip y neighbor ? 

or 

H ow c o m m o n i s i t  fo r  a  gossip y neighbo r  t o hea r  somethin g 
abou t  a  ? 

Al l  othe r  aspect s wer e identica l  t o th e experimen t  performe d 
withou t  th e initia l  NPs . 

Results and Discussion 

The result s fo r  bot h direc t  objec t  an d sentenc e complemen t 

plausibilit y  ar e show n i n Tabl e 1 .  Separat e analyse s wer e 
performe d o n th e direc t  objec t  an d sentenc e complemen t 
ratings .  Eac h se t  o f  rating s wer e entere d int o a n analysi s o f 
varianc e usin g item s a s th e rando m variable .  Th e dependen t 
variabl e wa s th e mea n ratin g (b y item )  divide d b y th e 
m a x i m u m rating ,  an d th e independen t  variable s wer e 

normin g techniqu e ( 3 levels :  Garnse y e t  al .  sentenc e norm s 
vs role/fille r  withou t  subjec t  N P v s role/fille r  wit h subjec t 
N P)  an d plausibilit y  ( 2 levels :  plausibl e D O v s implausibl e 
D O ) .  Normin g techniqu e an d plausibilit y  wer e within-items . 

Ratings as Direct Objects 

The interactio n betwee n plausibilit y  an d normin g techniqu e 
di d no t  reac h significance ,  F(2,45 )  =  2.37 ,  p<.ll .  However , 
planne d comparison s reveale d tha t  th e noun s labele d a s 
plausibl e wer e rate d a s mor e plausibl e i n th e Garnse y e t  al . 
norm s tha n i n eithe r  th e role/fille r  norm s withou t  th e subjec t 

included ,  F(l,85 )  =  10.42 ,  p<.0\ ,  o r  th e role/fille r  norm s wit h 
th e subjec t  included ,  F(l ,  85 )  =  10.91 ,  p<.01 .  Ther e wa s n o 
differenc e betwee n th e latte r  two ,  F<1 .  Th e noun s labele d a s 
implausibl e wer e rate d numericall y bu t  no t  significantl y 
more plausibl e i n th e Garnse y e t  al .  norm s tha n i n th e 
role/fille r  norm s withou t  th e subject ,  F(l,85 )  =  1.45 ,  p>.l , 
and wit h th e subject ,  F(l,85 )  =  1.83 ,  p>.\ .  Finally ,  th e tw o 
role/fille r  norm s di d no t  differ ,  F < ] . 

Ther e wa s a  mai n effec t  o f  normin g technique ,  F(2,45 )  = 
14.08 ,  p<.00\ .  Ther e wa s als o a  mai n effec t  o f  plausibilit y 
suc h tha t  noun s classifie d a s plausibl e direc t  object s wer e 
indee d rate d a s mor e plausible ,  F(l,45 )  =  449.82 ,  p<.00l . 

I-LAUSIDILIT Y OK AMBIGUOUS N P 
(Nmn-Verh-Nnun ) 

0 

0 

Sententia l 
Complemen 

0 
Othe r 

VERB BIA S PLAUSIBILIT Y OF 
AMBIGUOUS N P 

(\ab-Nauil ) 

SENTENCE COMI'LEMENT VERB BIA S 
{Syntacti c Disambiguation ) 

F igur e 3 :  T h e m o d e l  use d t o simulat e th e role/fille r  n o r m s . 

Ratings as Subject of Sentence Complement 

Norming technique interacted with plausibility, F(2,45) = 
12.02 ,  p<.00\ .  Planne d comparison s reveale d tha t  thi s 
interactio n occurre d becaus e ther e wer e n o difference s 
among th e rating s fo r  plausibl e nouns :  Garnse y e t  al .  versu s 

role/fille r  wit h subject s included ,  F(l,89 )  =  2.21 ,  p>.l ; 
Garnse y e t  al .  versu s role/fille r  withou t  subjects ,  F < 1 ;  an d 
th e tw o role/fille r  norms ,  F(l,89 )  =  1.42 ,  p>.l .  I n contrast , 
th e noun s labele d a s implausibl e D O s wer e rate d a s mor e 
plausibl e i n th e Garnse y e t  al .  norm s tha n i n th e role/fille r 
norm s withou t  subjects ,  f(l,89 )  =  32.68 ,  p<.00\ ,  an d wit h 
subjects ,  f(l,89 )  =  17.58 ,  pK.OOl .  Finall y th e tw o rol e fille r 
norm s di d no t  differ ,  F(l,89 )  =  2.32 ,  p>.\ . 

As above ,  ther e wer e mai n effect s o f  normin g technique , 
F(2,45 )  =  14.08 ,  pK.OOl ,  an d plausibility ,  F(l,45 )  =  449.82 , 

p<.001 . 
Th e role/fiUe r  normin g result s indicat e w h y Garnse y e t  al.' s 

plausibilit y  manipulatio n produce d relativel y wea k results . 
The stronges t  effec t  o f  thi s variabl e woul d b e expecte d i f  th e 
rating s ha d show n a  high-lo w versu s low-hig h pattern . 
Garnse y e t  al.' s  norm s sugges t  a t  leas t  a  high-hig h (plausibl e 
D O s)  low-hig h (implausibl e D O s )  pattern .  However ,  th e 
role/fille r  norm s sugges t  a  weake r  manipulatio n o f 

plausibilit y  wa s achieve d (high-hig h v s low-medium) .  I n th e 
followin g simulations ,  w e examin e whethe r  thes e difference s 
accoun t  fo r  th e inabilit y  o f  th e constraint-base d simulatio n i n 
Par t  1  t o simulat e th e h u m a n data .  Th e value s o f  th e rol e 
fille r  normin g studie s wer e entere d int o th e constraint-base d 
model  show n i n Figur e 4 ,  an d th e result s wer e contraste d 
wit h th e constraint-base d simulatio n tha t  use d th e norm s 
collecte d b y Garnse y e t  al . 
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Figure 4: The mean cycles of competition produced by the 
constraint-base d simulation s ar e plotte d wit h th e eyetrackin g 
result s o f  Garnse y e t  al .  4 a show s th e simulatio n tha t  use d 
plausibilit y  a s measure d b y th e role/fille r  norms ,  wherea s 4 b 
shows th e simulatio n tha t  use d th e Garnse y e t  al .  norms . 

Simulation Results 

As show n i n Figur e 4 ,  th e simulatio n usin g th e role/fille r 
norm s t o inde x plausibilit y  mor e closel y capture d th e 
eyetrackin g data .  Th e mai n reaso n fo r  th e discrepanc y i s tha t 
th e Garnse y e t  al .  norm s overestimat e th e differenc e betwee n 
th e plausibl e an d implausibl e D O s ,  thu s resultin g i n to o larg e 
of  a  differenc e betwee n thes e type s o f  item s a t  th e "ha d 
never "  disambiguatin g region .  However ,  th e normin g 
technique s clearl y m a k e differen t  prediction s abou t  th e 
amount  o f  difficult y reader s shoul d hav e fo r  plausibl e versu s 
implausibl e noun s a t  th e disambiguation .  Specifically ,  fo r  th e 
rating s collecte d b y Garnse y e t  al. ,  th e mode l  i s producin g 
mor e competitio n fo r  th e plausibl e noun s a t  th e 
disambiguatio n tha n a t  th e ambiguou s NP .  Fo r  bot h th e rol e 
filler  norm s an d th e huma n data ,  slightl y les s competitio n (o r 
readin g difficulty )  occurre d fo r  plausibl e noun s a t  th e 
disambiguatio n tha n a t  th e ambiguou s NP .  Thi s suggest s tha t 
th e role/fille r  norm s ar e a  bette r  measur e o f  plausibility . 

C o n c l u s i o n 

The simulation s contrastin g th e garden-pat h an d constraint -
base d approache s sugges t  tha t  th e eyetrackin g dat a collecte d 
by Garnse y e t  al .  i s  bette r  capture d b y a  mode l  i n whic h al l 
source s o f  informatio n ar e use d immediately .  Moreover ,  th e 
human eyetrackin g result s wer e bes t  simulate d b y a  mode l 
tha t  use d a  plausibilit y  measur e base d o n worl d knowledg e 
abstracte d awa y fro m linguisti c knowledge .  Understandin g 
plausibilit y  constraint s tha t  operat e o n a  moment-by-momen t 
basi s durin g on-lin e sentenc e comprehensio n i s bes t  indexe d 
by normin g method s tha t  ta p knowledg e o f  situations/events , 
and b y a n architectur e i n whic h al l  source s o f  informatio n ar e 
immediatel y evaluated . 
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