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Universit y  o f  California-Riversid e 
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Universit y o f  California-Riversid e 

Riverside ,  C A 92521-042 6 
k e v i n Q c a s s a n d r a . u c r . e d u 

Abstrac t 

We implemen t  a  constrain t  satisfactio n connectionis t  styl e 
model  tha t  account s fo r  dat a fro m thre e psycholinguistic s 
experiment s investigatin g th e gardenpai h effec t  wit h reduce d 
relativ e constructions .  Normativ e dat a wa s collecte d o n th e 
stimul i  use d i n experiment s b y Burges s an d Tanenhau s (1992 ) 
and Ferreir a an d Clifto n (1986 )  an d thi s dat a serve d a s th e inpu t 
fo r  th e simulation .  W e hav e demonstrate d wit h thi s se t  o f 
simulation s tha t  a  plausibl e theoretica l  framewor k fo r  a  rang e o f 
thes e results  i s a  hierarchica l  connectionis t  networ k whic h i s 
sensitiv e t o a  numbe r  o f  constraint s inheren t  i n th e inpu t  stimuli . 
The mode l  account s fo r  th e top-dow n effec t  o f  context ,  th e 
contributio n o f  th e bottom-u p morphologica l  frequenc y 
asymmetr y o f  th e verb ,  an d th e probabilisti c  natur e o f  th e 
disambiguatin g preposition .  Thes e effect s ar e sensitiv e t o th e 
timecours e o f  processin g a s well .  Th e patter n o f  results  fro m th e 
psycholinguisti c dat a sugges t  tha t  syntacti c processin g i s a 
confluenc e o f  multipl e constraint s tha t  represent  bot h bouom -
up an d top-dow n influence s i n processing .  Thes e results  ar e 
incompatibl e wit h a  deterministi c parsin g model .  Th e 
hierarchica l  connectionis t  styl e mode l  presente d i n thi s pape r  i s 
sensitiv e t o th e rang e o f  constraint s discusse d abov e an d i s 
offere d a s a  mor e adaptiv e theoretica l  mode l  tha t  ca n captur e 
th e domai n o f  effect s foun d i n th e literatur e encompassin g loca l 
syntacti c ambiguit y resolution. 

Introduction 
The difficulty in developing a model of language 
comprehensio n i s specifyin g th e variou s component s o f  th e 
syste m an d th e natur e o f  interactio n a m o n g thes e components . 
T h e resolutio n o f  syntacti c an d lexica l  ambiguit y ha s playe d 
a centra l  rol e i n addressin g thi s difficult y becaus e o f  th e 
specia l  problem s tha t  ambiguit y pose s fo r  th e efficien t 
functionin g o f  th e languag e processor .  Wit h respec t  t o 
syntacti c processing ,  th e languag e comprehensio n syste m mus t 
m a ke a  commi tmen t  t o a  particula r  syntacti c analysi s a t  som e 
poin t  i n time .  T h e proble m wit h syntacti c ambiguit y i s  no t  s o 
m u ch tha t  a  sentenc e m a y hav e multipl e interpretations ,  bu t 
tha t  mos t  sentence s hav e loca l  ambiguities ,  tha t  is ,  ther e ar e 
point s i n th e sentenc e wher e mor e tha n on e syntacti c 
interpretatio n i s possible . 

Ther e ha s bee n a n ongoin g controvers y abou t  whic h poin t 
durin g th e comprehensio n proces s ca n contextua l  information , 
i n th e for m o f  semanti c o r  discours e constraints ,  influenc e th e 
parsin g process .  T w o genera l  view s hav e predominate d thi s 
controversy .  McClellan d (1988 )  an d Marslen-Wilso n (1975 ) 
clai m tha t  th e languag e comprehensio n syste m operate s i n a n 
interactiv e fashion ,  suc h tha t  al l  source s o f  informatio n serv e 
t o constrai n th e syntacti c analysi s o f  th e sentence . 
Alternatively ,  Frazie r  (1978 ;  als o Ferreir a &  Clifton ,  1986 )  ha s 

argue d tha t  th e parse r  make s a  commitmen t  t o a  syntacti c 
structur e accordin g t o syntacti c strategies ,  suc h a s Minima l 
Attachment ,  an d withou t  an y guidanc e fro m non-syntacti c 
processors .  Accordin g t o Minima l  Attachment ,  th e parse r 
build s th e surfac e structur e b y attachin g eac h n e w constituen t 
t o th e precedin g phras e marke r  usin g th e fewes t  possibl e 
node s (se e Figur e la) .  A  reduced-relativ e construction .  Th e 
evidenc e examine d by... ,  wil l  gardenpat h because ,  ultimately , 
i t  wil l  requir e th e mor e comple x structur e (se e Figur e lb) . 
Thus ,  accordin g t o thi s model ,  th e parse r  i s inherentl y seria l 
an d autonomou s i n it s  processing .  Ferreir a an d Clifto n 

Past  Tens e Analysi s 

NP V P 

/\  I 
Det  N  V 

The defendan t  examine d 
A 

Past  Participl e Analysi s 

/ 

NP S^ 

/ \  \ 
Det  N  V P 

/ 
V 

Tli e evidenc e examine d 
B 

Figur e 1 .  Abbreviate d phras e structur e tree s fo r  th e pas t 

tens e an d past-participl e analyses . 

reasone d tha t  a  stron g constrain t  suc h a s th e implausibilit y  o f 
an inanimat e subjec t  i n a  reduced-relativ e sentenc e lik e (lb ) 
shoul d eliminat e th e processin g loa d (gardenpath )  usuall y 
associate d wit h reduce d relativ e sentence s lik e (la) . 

(la.) The defendant examined by the lawyer turned out to 
be unreliable . 

(lb. )  Th e evidenc e examine d b y th e lawye r  turne d ou t  t o b e 
unreliable . 

However, their results were consistent with the Minimal 
Attachmen t  proposal ;  animac y o f  th e subjec t  ha d n o effec t  o n 
readin g time s i n th e disambiguatin g by-phrase .  Burges s an d 
Hollbac h (1988 )  propose d a  computationa l  mode l  base d o n 
earlie r  theoretica l  wor k (Cottrell ,  1988 ;  Simpso n &  Burgess , 
1985 ;  Tanenhau s &  Carlson .  1988 ;  Tanenhaus ,  Burgess , 
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1985 ;  Tanenhau s &  Carlson ,  1988 ;  Tanenhaus ,  Burgess , 
D'Zmura ,  &  Carlson ,  1987 )  tha t  demonstrate d th e plausibilit y 
of  accountin g fo r  th e gardenpat h phenomen a a s a  functio n o f 
th e frequency  asymmetr y o f  th e past-tens e an d past-participl e 
morphologica l  ver b forms ,  a s wel l  a s othe r  constraints .  I n a 
serie s o f  experinKnts ,  Burges s an d Tanenhau s (1992 )  use d 
sentence s tha t  minimize d th e past-tens e bia s mor e effectivel y 
tha n thos e use d b y Ferreir a an d Clifton .  Usin g bot h set s o f 
material s i n a  self-pace d single-wor d readin g tim e task ,  i t  wa s 
foun d tha t  th e gardenpat h occurre d i n bot h animat e an d 
inanimat e conditions .  However ,  whe n th e sentence s wer e 
presente d tw o word s a t  a  tim e (e.g. ,  Th e ranso m /pai d by... ) 
the y foun d tha t  gardenpath s occurre d i n th e inanimate ,  past -
participl e biase d conditio n wit h Ferreir a an d Clifton' s 
materials ,  bu t  no t  wit h th e mor e constrainin g inanimat e 
materials .  The y conclude d tha t  th e disambiguatin g prepositio n 
must  hav e a n opportunit y t o b e integrate d wit h th e ver b (a s on e 
woul d expec t  i n norma l  parafovea l  reading )  i n orde r  fo r  th e 
disambiguatin g informatio n t o constrai n processing .  I n a 
subsequen t  experiment .  Burgess ,  Tanenhaus ,  an d Hoffma n 
(1994 )  confirme d th e importanc e o f  th e timelines s o f 
integratin g th e disambiguatin g prepositio n wit h th e ambiguou s 
verb .  Syntacti c gardenpath s tha t  di d no t  occu r  previousl y wit h 
th e mor e constraining ,  past-participl e biase d sentence s (Th e 
ranso m pai d by... )  no w occurre d whe n th e ver b wa s presente d 
wit h a  longe r  prepositio n tha t  woul d dela y th e disambiguatio n 

proces s (Th e ranso m pai d along...) .  Thes e result s sugges t  tha t 
th e parse r  utilize s a  variet y o f  constraints ,  includin g semanti c 
bias ,  morphologica l  verb-for m information ,  th e natur e o f  th e 
disambiguatin g preposition ,  an d tha t  th e timecours e o f  th e 
availabilit y  o f  thi s informatio n i s crucia l  (als o se e Burges s & 
Hollbach ,  1988 ;  McDonald ,  1994 ;  Trueswell ,  Tanenhaus ,  & 
Gamsey,  1993) . 

I n thi s pape r  w e describ e a  se t  o f  compute r  simulation s tha t 
replicat e result s from  thre e experiment s usin g a  constrain t 
satisfactio n connectionis t  network .  Thes e result s implicat e 
thre e source s o f  informatio n tha t  ar e crucia l  t o syntacti c 
ambiguit y resolution :  1 )  themati c fi t  o f  nou n an d verb ,  2 ) 
morphologica l  asymmetrie s o f  th e ambiguou s verb ,  an d 3 )  th e 
disambiguatin g actio n o f  th e preposition . 

Structure of a Parallel System 

The implementation is a localist style of connectionist model, 
implemente d o n th e Rocheste r  Connectionis t  Simulator .  Th e 
model  i s a  hierarchicall y structure d five  laye r  networ k wit h 
layer s correspondin g t o th e majo r  languag e subsystem s (se e 
Figur e 2) .  Th e lexica l  leve l  receive s inpu t  an d th e lin k weight s 
(LI.. .  L8 )  connectin g th e semanti c (node s 1 2 &  13) ,  syntacti c 
(node s 1 4 &  15) ,  an d discours e leve l  (21 ,  22,23,24 ;  althoug h 
onl y 2 2 &  2 3 ar e linke d t o th e preposition )  ar e modifie d a s a 
functio n o f  th e input .  Th e inpu t  take s th e for m o f  value s tha t 
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Figur e 2 .  Schemati c representatio n o f  networ k fo r  morphologica l  ambiguit y resolution . 
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correspon d t o eithe r  huma n judgement s abou t  th e relationshi p 
of  th e sentenc e constituent s o r  th e statistica l  occurrenc e o f  th e 
ver b (thi s  i s describe d i n detai l  later) .  Lin k weight s ar e fre e 
t o var y fro m - 1 t o +1 .  Laterall y competin g representation s 
hav e wea k inhibitor y connection s (-0.1) .  Th e mode l  i s 
designe d wit h a  sligh t  bia s towar d bottom-u p priority .  Al l 
excitator y link s ar e weighte d +1 ,  excep t  a s follows :  bottom -
up link s from  th e themati c role s (17 ,  18 ,  19 ,  20 )  +.750 ;  top -
d o wn link s from  discours e element s (21 ,  22 ,  23 ,  24 )  +.500 ; 
top-dow n link s fro m themati c roles ,  +.500 .  Th e bottom-u p 
activatio n from  th e prepositio n (9 )  i s weighte d + 1 o n L 5 an d 
L 6 an d +.50 0 o n L 7 an d L8 .  Th e constrain t  offere d b y th e 
prepositio n (se e below )  is ,  thus ,  stronge r  fo r  th e syntacti c 
node s (1 4 &  15 )  tha n o n th e discours e node s (2 2 &  23) . 

Ther e ar e tw o majo r  type s o f  node s i n th e network :  inpu t 
node s an d processin g node s (whic h ar e furthe r  subdivide d int o 
pur e processin g an d processing/criterio n nodes) .  Activatio n i s 
sen t  t o th e inpu t  node s i n a  sequenc e determine d b y th e 
experimenta l  condition .  Onc e activated ,  thei r  activation .  A ,  i s 
multiplie d b y a  constant ,  d ,  a t  ever y tim e step ;  thi s constant , 
when les s tha n one ,  result s i n a  deca y o f  inpu t  (se e Equatio n 
1) .  Th e remainin g node s hav e thei r  activatio n determine d a t 
ever y tim e ste p a s th e s u m o f  th e activation s o f  th e node s t o 
whic h the y ar e connected .  Th e inpu t  int o an y nod e i s 
weighte d b y th e lin k strengths ,  w ,  o f  tha t  inpu t  (se e Equatio n 

2) . 

Equation 1: A;, =dAt.i 
Equatio n 2 :  A  ^  =  XAj ,  w. j 

Criterion nodes have the additional property of being used 
t o calculat e a  distanc e metri c fo r  th e network .  Th e stat e o f  th e 
networ k ca n b e conceptualize d a s a  poin t  i n a  stat e spac e wit h 
dimensionalit y equa l  t o th e numbe r  o f  criterio n node s (fiv e i n 
thi s simulation :  node s 14 ,  15 ,  21 ,  22 ,  23) .  A  volum e o f  thi s 
spac e i s declare d t o b e a  "solutio n volume. "  I f  th e stat e poin t 
of  th e networ k enter s thi s volume ,  th e networ k i s considere d 
t o hav e reache d a  solution .  Th e numbe r  o f  tim e step s unti l  thi s 
occurs ,  o r  unti l  th e distanc e betwee n th e curren t  stat e an d th e 

Q(/ ) 
Arfj O 

% o- e 

•̂Stff i 

Figur e 3 .  Gardenpat h Differenc e Scor e (GpDS )  a s a  functio n 

of  deca y rat e an d inpu t  activatio n level . 

solutio n volum e cease s t o decrease ,  i s th e tim e neede d t o 
disambiguat e th e input .  Syntacti c disambiguatio n wa s 
operationall y define d a s follows :  fiv e criterio n node s crucia l 
t o th e past-participl e interpretatio n ar e activate d t o >  50 0 unit s 
(node s 15 ,  22 ,  23) ,  an d node s likel y t o hav e bee n strongl y 
activate d du e t o past-tens e bia s (node s 2 1 &  14 )  hav e 
activatio n decrease d t o <  50 0 units . 

The specifi c  deca y rat e ( d =  .8 )  an d th e specifi c  inpu t  rat e 
( A =  760 )  wer e determine d b y runnin g a  se t  o f  simulation s an d 
computin g a  Gardenpat h Differenc e Scor e (GpDS )  t o plo t  ou t 
th e rang e o f  inpu t  b y deca y parameter s tha t  produce d th e 
desire d gardenpat h pattern .  Th e basi c empirica l  resul t  tha t  th e 
networ k neede d t o replicate ,  give n th e se t  o f  input s from 
stimul i  from  bot h th e Burges s an d Tanenhau s (BT )  (1992 )  an d 
th e Ferreir a an d Clifto n (FC )  (1986 )  studies ,  wa s a  processin g 
advantag e fo r  th e B T past-participl e sentence s ove r  th e past -
tens e sentences ,  compare d t o an y processin g advantag e th e F C 
past-participl e sentence s ha d ove r  thei r  past-tens e sentences . 
Figur e 3  plot s ou t  th e G p D S a s a  functio n o f  deca y rat e an d 
inpu t  level .  Eac h poin t  o n th e figure  represent s th e degre e o f 
differenc e i n th e tw o set s o f  stimuli' s  gardenpathing .  Th e 
large r  th e valu e o f  th e G p D S ,  th e stronge r  th e past-participl e 
effec t  o f  th e B T stimul i  a s compare d t o th e F C stimuli .  I t  ca n 
be see n tha t  thi s effec t  i s quit e robus t  i n tha t  a  larg e portio n o f 
th e landscap e conform s t o thi s patter n give n th e inpu t  sets . 
Lower  inpu t  level s wer e no t  effective ,  sinc e a n insufficien t 
amount  o f  activatio n woul d accrue .  Conversely ,  smalle r  deca y 
rate s wer e no t  effective ,  becaus e th e networ k woul d becom e 
saturate d wit h activation . 

Th e analysi s o f  th e G p D S wa s use d t o se t  th e inpu t 
activatio n leve l  an d deca y rate ,  thus ,  calibratin g th e system . 
I t  i s importan t  t o not e tha t  onc e th e networ k wa s calibrated ,  al l 
subsequen t  constraint s o n networ k performanc e ar e solel y 
determine d b y th e normativ e aspect s o f  th e inpu t  data . 

Morphologically Ambiguous Verbs 

At the heart of the system is the morphologically ambiguous 
verb .  Th e theoretica l  motivatio n fo r  suc h a  representatio n 
stem s from  th e lexica l  ambiguit y research .  Th e activatio n o f 
wor d meaning s occu r  i n paralle l  a s a  functio n o f  thei r 
respectiv e associativ e strengt h (Burges s &  Simpson ,  1988 ; 
Simpso n &  Burgess ,  1985) .  Similarly ,  th e morphologicall y 
ambiguou s ver b woul d mak e availabl e it s past-tens e (nod e 14 ) 
and past-participl e (nod e 15 )  form s a t  differen t  rates .  Th e bia s 
fo r  eac h for m woul d depen d o n th e usag e o f  tha t  particula r 
ver b i n natura l  language .  A s thes e morphologica l  form s 
become activ e i n parallel ,  s o doe s eac h o f  thei r  set s o f 
associate d themati c role s (Carlso n &  Tanenhaus ,  1988) . 

Morphologica l  frequencies  o f  past-tens e an d past-participl e 
ver b form s wer e extracte d from  th e ra w dat a se t  use d t o 
comput e th e wor d frequency  coun t  o f  Franci s an d Kucer a 
(1982) .  Al l  sentence s containin g th e verb s use d b y bot h set s o f 
material s wer e extracte d from  th e dat a set .  Th e relativ e 
proportio n o f  occurrenc e (past-tens e o r  past-participle )  wa s 
compute d b y calculatin g h o w ofte n th e ver b wa s use d i n a 
simpl e past-tens e constructio n an d i n a  past-participl e 
construction .  Thes e proportion s wer e use d a s th e weight s fo r 
th e tw o form s o f  th e verb ,  labele d (L3 )  an d (L4) .  Thus ,  i f  a 
ver b occurre d rathe r  frequently  a s a  pas t  participle ,  tha t 
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morphologica l  for m woul d receiv e greate r  activatio n tha n a 
ver b whos e past-participl e for m wa s mor e rare . 

Goodness of Fit Between Agent, Patient, and the 
V e r b 

We assume that the associative quality of the agent and patient 
t o th e ambiguou s ver b ar e relevan t  i n determinin g th e 
likelihoo d o f  th e gardenpathin g phenomenon .  Conside r  th e 
sentenc e fragmen t  Th e m a n paid... .  Ou r  intuitio n suggest s a 
preferenc e t o continu e thi s fragmen t  wit h a  simpl e past-tens e 
completion ,  suc h a s i n (2a) .  Th e les s frequen t  past-participl e 
for m (2b )  seem s t o resul t  i n a  temporar y gardenpath ,  sinc e 
ther e i s a n expectatio n tha t  Th e m a n ha s pai d someone ,  rathe r 
tha n havin g bee n pai d b y someone . 

(2a.) The man paid his workers with cash. 
(2b. )  Th e m a n pai d b y th e parent s wa s unreasonable . 
(2c. )  Th e ranso m pai d b y th e parent s wa s unreasonable . 

However, intuition suggests that the past-participle version in 
(2c )  doe s no t  produc e th e sam e gardenpat h effec t  a s (2b) .  Tha t 
is ,  ou r  knowledg e o f  th e worl d suggest s tha t  "Th e ransom " 
coul d no t  hav e "paid "  anyone ,  and ,  thus ,  mus t  hav e bee n 
what  wa s paid . 
Themati c Plausibilit y  -  Plausibilit y  dat a wa s collecte d fro m 
160 subject s fo r  th e stimul i  fro m th e Burges s an d Tanenhau s 
(1992 )  an d th e Ferreir a an d Clifto n (1986 )  experiments . 
Subject s wer e aske d t o rat e plausibilit y  b y respondin g t o 
question s lik e th e followin g (usin g a  on e t o te n scale) : 

(3a.) Can ransom pay anything (or someone)? [Agent Bias] 
(3b. )  Ca n ranso m b e pai d b y someone ? [Patien t  Bias ] 

These ratings were converted to link weights that correspond 
t o th e connection s L I  an d L 2 whic h connec t  N P l  wit h agen t 
a n d pat ient . 

Role of the Disambiguating Preposition 

The results of the Burgess and Tanenhaus (1992) experiment, 
i n whic h th e ver b an d prepositio n wer e presente d separately , 
sugges t  tha t  themati c constraint s alon e ar e no t  sufficien t  t o 
avoi d a  gardenpath .  A  compariso n o f  th e single-wor d an d 
two-wor d readin g experiment s compel s u s t o involv e th e 
grammatica l  cu e o f  th e disambiguatin g preposition .  O f  course , 
eve n th e integratio n o f  th e prepositio n whil e processin g th e 
ver b wa s not ,  i n itself ,  sufficien t  t o avoi d th e gardenpath ,  give n 
tha t  th e les s constrainin g sentence s stil l  gardenpathed .  Th e 
past-participl e for m o f  a n ambiguou s ver b frequentl y occur s i n 
conjunctio n wit h a  disambiguatin g preposition .  Thi s suggest s 
a specifi c  associatio n betwee n th e prepositio n an d th e agen t 
themati c rol e whic h i s activate d fro m th e past-participl e 
morphologica l  ver b form . 

However ,  th e prepositio n i s no t  absolutel y disambiguating . 
Sixtee n subject s wer e presente d wit h sentenc e fragment s 
(NP+Verb+prep )  fro m bot h set s o f  stimul i  an d aske d t o 
complet e th e sentence .  Filler s wer e include d s o th e 
ambiguitie s woul d b e les s obvious .  Th e followin g tw o 
sentence s illustrat e th e variabilit y  i n disambiguatio n wit h th e 

preposition . 

(4a.) The author read by the class was Pearl Buck 
[pas t  participle ] 

(4b. )  Th e autho r  rea d b y th e fireplace . 
[pas t  tense ] 

The preposition does not always indicate an agent in the 
prepositiona l  phrase .  I n (4b) ,  fo r  example ,  i t  indicate s a 
location .  Othe r  themati c role s ar e possibl e a s well .  Th e past -
tens e an d past-participl e completio n proportion s wer e use d a s 
input s t o PP l  (nod e 9 )  i n th e mode l  i n orde r  t o se t  weight s o n 
link s L5 ,  L6 ,  L7 ,  an d L8 .  Link s L 5 an d L 7 serv e t o verif y tha t 
th e prepositio n serve s t o confir m a  past-tens e interpretatio n 
(nod e 14 )  an d tha t  a  patien t  (o r  som e non-agentiv e role )  i s 
carrie d b y th e prepositiona l  phras e (nod e 22) .  Link s L 6 an d 
L 8 serv e t o verif y tha t  th e prepositio n confirm s a  past -
participl e interpretatio n (nod e 15 )  an d tha t  th e prepositiona l 
phras e contain s th e sentence' s agen t  (nod e 23) . 

Simulation Experiments 

The first simulation used parameters from two sets of stimuli: 
sentence s from  Burges s an d Tanenhau s (1992 )  an d Ferreir a 
and Clifto n (1986) .  Fo r  bot h Figure s 4  an d 5 ,  th e y-axi s 
correspond s t o eithe r  readin g tim e o r  numbe r  o f  iteration s fo r 
th e networ k t o settle .  Fo r  Figure s 4 ,  th e x-axi s correspond s t o 
past-tens e o r  past-participl e biase d sentences .  Th e 
independen t  variabl e plotte d i n th e interio r  o f  th e figur e 
reflect s th e stimul i  se t  used ,  eithe r  thos e o f  Burges s an d 
Tanenhau s (BT )  o r  o f  Ferreir a an d Clifto n (FC) . 

Replication of Two-word Segmentation Reading 

E x p e r i m e n t 

Usin g th e tw o wor d 
Tanenhau s (1992 ) 
replicate d th e resul t 
foun d b y Ferreir a 
and Clifto n (1986) , 
i.e. ,  n o readin g tim e 
advantag e fo r  th e 
past -par t ic ip l e 
biase d sentences . 
However ,  wit h mor e 
constrainin g stimuli , 
th e past-participl e 
biase d sentence s 
wer e understoo d 
mor e quickl y a t  th e 
p o i n t  o f 
d i s a m b i g u a t i o n 
(Verb+prep )  tha n 
wer e th e past-tens e 
b i a s e d i t e m s . 
Figur e 4 a illustrate s 
thei r  results . 

The sam e se t  o f 
effect s ca n b e see n 
i n th e simulatio n 

segmentatio n readin g task .  Burges s an d 

I 400 -

StfmullLcgm l 
BT:  Burcc *  ATaMnfaai M 
FC:  Timir m ItOm m 

Put-Un w Past-parUclpl c 
Blue d 

-"Vr c 

Pasl-tcns e P*jt-partlcfpl c 
Biix d Blue d 

Figur e 4 .  Readin g tim e result s (A )  an d 
simulatio n result s  (B )  a t  th e Verb+Pre p 

sentenc e location . 
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outcome :  a n advantag e i n processin g tim e fo r  th e past -
participl e biase d sentence s compare d t o th e past-tense ,  bu t 
onl y fo r  th e mor e constrainin g sentence s (se e Figur e 4b) .  Th e 
simulate d overal l  readin g tim e fo r  Ferreir a an d Clifton' s 
sentence s i s longe r  tha n thei r  actua l  results . 

Th e compellin g aspec t  o f  thes e result s i s  tha t  thre e potentia l 
source s o f  informatio n nee d t o converg e i n th e comprehensio n 
proces s t o avoi d a  processin g loa d associate d wit h th e past -
participl e biase d sentences .  Th e N P ha s t o b e sufficientl y 
constrainin g i n combinatio n wit h th e morphologica l 
availabilit y  o f  th e verb .  Whil e thi s i s a  necessar y constraint , 
i t  doe s no t  appea r  sufficien t  t o avoi d th e processin g load .  Thi s 
informatio n ha s t o b e abl e t o combin e wit h th e disambiguatin g 
effec t  o f  th e preposition .  Presumabl y ther e i s a  narro w 
w indo w o f  opportunit y  i n th e timecours e o f  processin g fo r  thi s 
t o occu r  give n tha t  past-participl e form s ar e relativel y 
infrequent .  I f  true ,  on e woul d expec t  a  dela y i n th e integratio n 
of  th e prepositio n t o resul t  i n a  gardenpath .  Thi s i s implie d i n 
th e differenc e i n th e one-wor d an d two-wor d segmentatio n 
manipulatio n b y Burges s an d Tanenhaus ;  however ,  i t  i s 
directl y teste d i n th e followin g experiment . 

Manipulating Preposition Length 

In the previous studies, the preposition length was short since 
by wa s use d i n al l  sentence s b y Burges s an d Tanenhaus ,  an d 
i n hal f  th e sentence s b y Ferreir a an d Clifton .  Usin g onl y th e 
strongl y past-participl e biase d sentence s tha t  di d no t  sho w th e 
gardenpat h effec t  (fro m Burges s an d Tanenhaus) ,  Burgess , 
Tanenhaus ,  an d Hof fma n (1994 )  manipulate d th e lengt h o f  th e 
prepositio n s o tha t  w h e n subject s rea d th e sentence , 
presumably ,  a  singl e ey e fixatio n eithe r  woul d o r  woul d no t 
captur e bot h th e ver b an d preposition .  A s discusse d earlier , 
thes e sentence s gardenpat h i n th e lon g prepositio n condition , 
but  d o no t  sho w thi s effec t  i n th e shor t  prepositio n conditio n 
(replicatin g thei r  earlie r  result) .  Thi s ca n b e see n i n th e lef t 
sid e o f  Figures . 

I 

s r  60 0 
K ei 

Burgess ,  Simulatio n 
Tanenhau s Result s 
&Horrma n 
Sentence s 

Figure 5. Reading time results and simulation results foi 

lon g an d shor t  prepositio n condition s usin g past-participl e 

biase d sentence s a t  th e Verb+Pre p sentenc e location . 

Of  interes t  here ,  i s  whethe r  th e simulatio n mode l  w e presen t 
wil l  captur e thi s effect .  Thi s wa s simulate d b y manipulatin g 
th e tempora l  natur e o f  th e inpu t  o f  th e ver b an d th e 
preposition .  Assumin g tha t  i n th e shor t  prepositio n condition , 
an ey e fixatio n i s abl e t o captur e th e ver b an d prepositio n 
together ,  w e simulate d tha t  b y passin g activatio n t o bot h thos e 
lexica l  unit s simultaneously .  I n th e lon g prepositio n 
simulation ,  activatio n wa s passe d t o th e prepositio n on e tim e 
ste p late r  tha n whe n th e vert )  wa s activated .  Thes e result s ar e 
presente d o n th e righ t  sid e o f  Figur e 5  an d matc h th e result s 
of  foun d b y Burgess ,  Tanenhaus ,  an d Hoffma n (1994 )  i n tha t 
th e lon g prepositio n conditio n take s longe r  t o settl e o n a n 
interpretatio n tha n doe s th e shor t  prepositio n condition . 

General Discussion 

A variety of recent experiments have demonstrated that several 
factor s ca n influenc e h o w th e parse r  make s loca l  onlin e 
commitment s durin g th e comprehensio n proces s (Burges s an d 
Tanenhaus ,  1992 ;  Burgess ,  Tanenhau s &  Hoffman ,  1994 ; 
MacDonald ,  1994 ;  Tnieswell ,  Tanenhau s &  Gamsey ,  1993) . 
We hav e demonstrate d wit h thi s se t  o f  simulation s tha t  a 
plausibl e theoretica l  framewor k fo r  a  rang e o f  thes e result s i s 
a hierarchica l  connectionis t  networ k whic h i s sensitiv e t o a 
number  o f  constraint s inheren t  i n th e inpu t  stimuli . 

Th e mode l  account s fo r  th e top-dow n effec t  o f  context ,  th e 
contributio n o f  th e bottom-u p morphologica l  frequency 
asymmetr y o f  th e verb ,  an d th e probabilisti c  natur e o f  th e 
disambiguatin g preposition .  Thes e effect s ar e sensitiv e t o th e 
timecours e o f  processin g a s well .  T h e mode l  make s som e 
counterintuitiv e predictions .  Fo r  example ,  i t  predict s tha t 
subject s woul d gardenpat h o n th e minima l  attachmen t 
structur e whe n th e ver b bia s i s strongl y past-participle .  W e 
suspec t  tha t  th e sam e mode l  ca n accoun t  fo r  th e contex t  b y 
dominanc e interaction s foun d i n th e lexica l  ambiguit y 
literatur e a s well . 

Whil e normin g procedure s hav e bee n use d frequentl y i n 
psycholinguistic s experiments ,  the y hav e bee n utilize d 
infrequentl y i n computationa l  modelin g (viz. ,  Rumelhart , 
Smolensky ,  McClellan d &  Hinton ,  1986) .  Th e curren t 
simulation s validat e th e basi c methodolog y o f  usin g normativ e 
aspect s o f  stimul i  t o se t  certai n inpu t  parameter s i n 
connectionis t  model s o f  natura l  languag e processing .  Thes e 
normativ e value s ar e anothe r  for m o f  representin g regularities 
i n languag e use . 

Th e patter n o f  result s from  th e psycholinguisti c dat a sugges t 
tha t  syntacti c processin g i s a  confluenc e o f  multipl e 
constraint s tha t  represen t  bot h bottom-u p an d top-dow n 
influence s i n processing .  Thes e results  ar e incompatibl e wit h 
a deterministi c parsin g mode l  suc h a s Minima l  Attachment . 
Th e hierarchica l  connectionis t  styl e mode l  presente d i n thi s 
pape r  i s sensitiv e t o th e rang e o f  constraint s discusse d abov e 
and i s offere d a s a  mor e adaptiv e theoretica l  mode l  tha t  ca n 
captur e th e domai n o f  effect s foun d i n th e literamr e 
encompassin g loca l  syntacti c ambiguit y resolution . 
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