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Abstrac t 

Subject s wer e presente d wit h strongl y past-participl e biase d 
sentence s suc h as ,  Tli e portrai t  sketche d b y th e tre e wa s ver y 
beautiful ,  i n a  self-pace d reading  tim e task .  Sentence s wer e 
displaye d tw o word s a t  a  lime ,  (e.g. .  Th e portrai t  /sketche d 
by ... )  s o tha t  th e ver b an d th e disambiguatin g prepositio n 
wer e read  together .  I n Experimen t  1 ,  a  se t  o f  material s 
constructe d t o minimiz e th e past-tens e bia s wit h a n inanimat e 
NP wa s compare d wit h a  les s constrainin g se t  o f  sentences . 
The syntacti c gardenpal h usuall y associate d wit h th e reduced-
relative  constructio n wa s no t  presen t  wit h th e mor e 
constrainin g materials ,  bu t  wa s wit h th e les s constrainin g N P 
sentences .  I n Experimen t  2 .  usin g onl y th e mor e constrainin g 
materials ,  prepositio n lengd i  wa s manipulate d s o tha t  subject s 
rea d sentence s wit h bot h shor t  (i.e. ,  by )  an d lon g (i.e. , 
underneath )  prepositions .  N o syntacti c gardenpath s occurre d 
wit h sentence s wit h th e past-participl e bia s an d shor t 
prepositions ;  however ,  whe n th e sam e sentence s wer e read 
wit h th e lon g prepositions ,  th e syntacti c gardenpat h wa s 
presen t  Thi s result  i s  inconsisten t  wit h a  deterministi c parser . 
We expan d o n ou r  previou s proposal s tha t  th e parse r  mus t 
be abl e t o tak e int o accoun t  bot h semanti c an d verb-for m 
information ,  a s wel l  as ,  th e amoun t  o f  disambiguatin g 
informatio n (i n th e for m o f  a  preposition )  tha t  ca n b e 
integrate d wit h th e ambiguou s verb . 

Introduction 

A challenge for models of language comprehension is 

describin g th e natur e o f  th e interactio n amon g th e variou s 

component s i n th e comprehensio n process .  I t  i s 
uncontroversia l  tha t  languag e ca n b e describe d b y a  se t  o f 

subsystem s (i.e. ,  syntax ,  semantics ,  phonology ,  morphology , 

pragmatics),  bu t  ther e ha s bee n considerabl e controvers y 

abou t  th e degre e o f  correspondenc e betwee n thes e linguisti c 

subsystem s an d th e actua l  proces s o f  languag e 
comprehension .  Th e resolutio n o f  lexica l  an d syntacti c 

ambiguit y ha s playe d a  crucia l  rol e i n thi s debat e du e t o th e 

problem s tha t  ambiguit y present s fo r  th e efficien t 

functionin g o f  th e languag e processor .  Thi s pape r  explore s 

th e degre e t o whic h syntacti c an d visua l  informatio n ca n 

guid e th e syntacti c analysi s o f  reduced-relativ e sentence s 

tha t  typicall y resul t  i n confusio n fo r  th e reade r  du e t o a 

misassignmen t  o f  th e structura l  part s o f  a  sentence , 

commonl y referre d t o a s a  gardenpat h 

Why Gardenpaths? 

Explanations vary on whether or not (and under what 

conditions )  a  reade r  wil l  experienc e a  gardenpath .  Frazie r 

(1978 )  an d he r  colleague s (Ferreir a &  Clifton ,  1986 )  hav e 

presente d considerabl e evidenc e tha t  th e parse r  use s a 
deterministi c strategy .  The y sugges t  tha t  th e parsin g 

mechanis m i s insensitiv e t o contextua l  information ,  sinc e 

i t  woul d rel y onl y o n structura l  cues .  O n e o f  thes e strategies , 

Minima l  Attachment ,  propose s tha t  word s ar e attache d t o a 

phras e marke r  usin g th e fewes t  possibl e syntacti c node s 

permissibl e b y syntacti c rules .  Thus ,  a  past-tens e analysi s i s 

t o b e preferred ,  becaus e it s analysi s i s  simple r  tha n th e 

past-participl e form . 

Ferreir a an d Clifto n (1986 )  reasone d tha t  earlie r  failure s 

t o demonstrat e tha t  sententia l  contex t  coul d overrid e thi s 

Minima l  Attachmen t  strateg y m a y hav e bee n du e t o th e 

weak constraint s offere d b y th e context .  A s a  stronge r 

manipulation ,  the y varie d th e animac y o f  th e first  N P ,  s o 
tha t  th e implausibilit y  o f  a n inanimat e N P i n agen t  positio n 

shoul d eliminat e th e gardenpat h i n (lb) ,  bu t  no t  i n (la) . 

(la.) The defendant examined by the lawyer turned 

out  t o b e unreliable . 

(lb. )  Th e evidenc e examine d b y th e lawye r  turne d 

out  t o b e unreliable . 

They found that animacy of the first noun phrase had no 

effec t  o n readin g time s a t  eithe r  th e by-phras e o r  th e secon d 

verb .  I t  seems ,  then ,  tha t  th e Minima l  Attachmen t 

preferenc e result s i n a  gardenpat h regardles s o f  th e animac y 
informatio n i n th e first  N P . 

Previously ,  w e (Burges s &  Tanenhaus ,  1992 )  replicate d 

Ferreir a an d Clifton' s result s usin g a  word-by-wor d readin g 
paradig m i n whic h onl y a  singl e wor d wa s presen t  a t  a  time . 
Althoug h th e semanti c constrain t  offere d b y th e sententia l 

contex t  wa s stronge r  tha n i n th e sentence s use d b y Ferreir a 

and Clifton ,  bot h set s o f  stimul i  demonstrate d th e typica l 

gardenpat h effec t  i n bot h th e animat e an d inanimat e 

conditions .  However ,  th e word-by-wor d readin g metho d 

differe d fi-om  tha t  o f  Ferreir a an d Clifto n i n tha t  th e 

disambiguatin g prepositio n wa s no t  rea d wit h th e ver b sinc e 

eac h wor d wa s rea d separately .  Burges s an d Hollbac h 

(1988 )  demonstrate d i n a  compute r  simulatio n tha t  th e 

strengt h o f  th e syntacti c gardenpat h wa s a  functio n o f 

multipl e constraint s includin g th e bia s o f  th e verb ,  th e exten t 

of  a  dela y i n th e disambiguatio n o f  th e morphologicall y 
ambiguou s verb ,  a s wel l  a s th e possibilit y  o f  contextua l 

constraints .  I n Experimen t  1 ,  w e tes t  th e hypothesi s tha t  th e 
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combinatio n o f  NP-bia s an d reading  th e disambiguatin g 

prepositio n wit h th e ver b wil l  allo w th e typica l  reduced -

relativ e gardenpat h t o b e avoided . 

Experiment 1 - Agency Manipulation: 

2 - W o r d b y 2 - W o r d R e a d i n g 

Stimuli.  Sixteen sentences were selected that had a strong 

bia s towar d a  past-participl e interpretation .  I n a  previou s se t 

of  studie s (Burges s &  Tanenhaus ,  1992) ,  subject s complete d 
th e initia l  N P + V fragments  o f  thes e sentence s a s a 

past-participl e interpretatio n 8 5 % o f  th e time .  Th e sixtee n 

sentence s use d i n Ferreir a an d Clifton' s (1986 )  Experimen t 

1 wer e als o include d i n thi s experiment ,  a s a  se t  o f  les s 

constrainin g stimuli ,  an d thes e sentence s ha d a 

past-participl e interpretatio n onl y 5 8 % o f  th e time . 

Each subjec t  sa w fou r  sentence s i n eac h o f  th e 

fourconditions :  past-tens e biase d (reduced )  [2a] ,  past-tens e 

biase d (unreduced )  [2b] ,  past-participl e biase d (reduced ) 
[2c] ,  past-participl e biase d (unreduced )  [2d] . 

(2a.) The man paid by the parents was unreasonable. 
(2b. )  Th e ma n wh o wa s 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 . 

(2d. )  Th e ranso m tha t  wa s pai d b y th e parent s wa s 
unreasonable . 

Four lists were formed so that any subject would see a 

critica l  ver b i n onl y  on e sentence .  Sentence s wer e presente d 
tw o word s a t  a  time .  Thus ,  a  sentenc e woul d b e segmente d 
fo r  purpose s o f  presentatio n a s follows :  De t  Nou n /  Verb l 

pre p /  De t  Nou n /  Verb 2 wor d /  .. .  Thi s segmentatio n 
allow s fo r  th e ambiguou s ver b an d th e disambiguatin g 

prepositio n t o b e presente d together .  Forty-fou r  fille r 

sentence s wer e adde d i n orde r  t o mak e i t  unlikel y tha t  th e 

subjec t  woul d incorporat e som e processin g strateg y tha t 
woul d b e particularl y sensitiv e t o th e syntacti c construction s 

used i n thi s experiment . 

Procedure. Subjects were forty native English speakers 
from  th e Universit y o f  Rocheste r  wh o ha d norma l  o r 

corrected-to-norma l  vision .  A  two-wor d b y two-wor d 

self-pace d readin g tas k wa s use d ('movin g window '  task , 
see Just ,  Carpenter ,  &  Woolley ,  1982) .  Th e subjec t  bega n 

a tria l  b y pressin g a  butto n whic h presente d th e tria l  number . 

A secon d butto n pres s brough t  u p a  complet e se t  o f  dashe s 
suc h tha t  th e informatio n concernin g sentenc e an d wor d 

lengt h wa s presen t  i n th e for m o f  dashe s tha t  corresponde d 

t o eac h lette r  position .  Th e subjec t  presse d a  differen t 

butto n wit h th e inde x finger  o f  th e righ t  han d i n orde r  t o se e 
each se t  o f  tw o word s i n th e sentence .  A s eac h successiv e 

grou p o f  tw o word s appeared ,  th e previou s word s wer e 

replace d b y dashes .  Th e duratio n fo r  whic h eac h two-wor d 

grou p appeare d wa s recorde d from  th e onse t  o f  th e wor d t o 

it s associate d butto n press .  Scree n widt h wa s se t  t o 8 0 

columns .  I n th e even t  tha t  a  critica l  sentenc e wa s longe r 

tha n 8 0 columns ,  th e brea k poin t  wa s th e sam e fo r  reduce d 

as unreduce d versions . 

Results. Reading time differences between the reduced 

and unreduce d condition s ar e show n i n Figur e l a an d lb . 

The experimenta l  desig n wa s a  2  (sentenc e set )  x  2 

(NP-bias )  X  2  (locatio n i n sentence :  Verb+Pre p an d 

Det+Noun )  x  2  (reduction) .  Sentenc e se t  refer s t o th e mor e 

constrainin g sentence s tha t  w e constructe d o r  t o th e les s 

constrainin g se t  use d b y Ferreir a an d Clifton .  Th e crucia l 

four-wa y interactio n wa s obtained ,  F( l  ,39 )  =  4.20 ,  p  =  .048 . 

Ferreira and Clifton's Materials. There was a main effect 

fo r  reduction ,  F(l,39 )  =  10.08 ,  p  =  .003 .  Readin g time s i n 

th e reduce d conditio n wer e longe r  (40 4 ms/ 2 words )  tha n i n 

th e unreduce d conditio n (38 0 ms/ 2 words) .  Sinc e ther e wa s 

IM* N y*rn f  D«* N VX̂ Wa- d 
StBUnc t  llttloi i 

B 
Mart  Cwutralnl m SUnu l 

i  3 

;  * M 

f •M 

Figur e 1 .  Readin g tim e difference s (reduced-unreduced ) 
as a  functio n o f  sentenc e locatio n an d sentenc e set . 
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no reductio n x  sentenc e locatio n interaction ,  th e gardenpat h 

effec t  span s bot h sentenc e locations .  Th e patter n o f  mos t 

interes t  wit h th e Ferreir a an d Clifto n sentences ,  however ,  i s 

tha t  bot h NP-bia s condition s resul t  i n a  gardenpat h effec t  a t 

th e Verb-fPre p an d Det-i-Nou n locations .  Thi s i s consisten t 

wit h Ferreir a an d Clifton' s origina l  results ,  namely ,  tha t  th e 
semanti c bia s o f  th e nou n ha d n o differentia l  effec t  o n th e 

parsin g decision . 

Mor e Constrainin g Materials .  Th e two-wa y interactio n 

betwee n reductio n an d NP-bia s obtained ,  F(l,39 )  =  6.84 ,  p 

= .013 .  Simpl e mai n effect s test s indicat e that ,  fo r  past-tens e 

biase d NPs ,  readin g time s i n th e reduce d conditio n wer e 

longe r  (43 7 ms/ 2 words )  tha n i n th e unreduce d conditio n 

(40 3 ms/ 2 words) ,  -F(1.39 )  =  12.56 ,  p  =  .001 .  Fo r  th e mor e 

constrainin g materials ,  then ,  th e past-tens e biase d (animate ) 

NPs resul t  i n th e typica l  gardenpath .  O f  mor e interest ,  o f 

course ,  ar e th e readin g time s i n th e past-participl e biase d 

(inanimate )  condition .  Ther e w e fin d n o interaction ,  p s > 

.18 ,  betwee n reductio n an d sentenc e location ,  no r  i s  ther e a 

mai n effec t  o f  reduction ,  p s >  .2 9 (reduce d =  40 4 ms/ 2 

words ;  unreduce d =  41 5 ms/ 2 words) .  Thus ,  whe n th e 

Verb+Pre p i s precede d b y a  past-participl e biase d NP ,  ther e 
i s n o gardenpath . 

Discussion 

[3a] ,  shor t  prepositio n (unreduced )  [3b] ,  lon g prepositio n 

(reduced )  [3c] ,  lon g prepositio n (unreduced )  [3d] . 

(3a.) The portrait sketched by the tree was very 

beautiful . 

(3b. )  Th e portrai t  tha t  wa s sketche d b y th e tre e wa s 
ver y beautiful . 

(3c. )  Th e portrai t  sketche d underneat h th e tre e wa s 

ver y beautiful . 

(3d. )  Th e portrai t  tha t  wa s sketche d underneat h th e 

tre e wa s ver y beautiful . 

Subjects were 32 native English speakers from Syracuse 

Universit y an d th e Universit y o f  California ,  Riverside .  Th e 

procedur e wa s identica l  t o Experimen t  1 . 

Results. The experimental design was a 2 (Preposition: 

lon g o r  short )  x  2  (locatio n i n sentence :  NP ,  Verb+Prep )  x 

2 (reduction :  reduce d o r  unreduce d relativ e clause) .  Mea n 

readin g time s fo r  th e desig n ca n b e see n i n Tabl e 1 .  Ther e 

was a  mai n effec t  o f  position ,  F(2,60 )  =  23.63 ,  p  <  .001 ,  o f 

prepositio n length ,  F(l,60 )  =  29.56 ,  p  <  .001 ,  an d o f 
reduction ,  F( l  ,60 )  =  6.52 ,  p  <  .02 .  Positio n interacte d wit h 
prepositio n lengt h { p <  .001) ,  an d prepositio n lengt h 

interacte d wit h reductio n ( p <  .02) .  Subsequen t  analyse s 

W h en th e ver b an d th e disambiguatin g prepositio n ar e 

presente d togethe r  wit h th e mor e constrainin g NPs ,  th e 

past-participl e biase d N P allowe d th e parse r  t o avoi d th e 
gardenpath .  However ,  th e gardenpat h wa s presen t  wit h 

Ferreir a an d Chfton' s (1986 )  sentence s a t  Verbl+Pre p an d 

Det+Nou n locations ,  replicatin g thei r  origina l  resul t  usin g 

thei r  stimuli . 

Ther e ar e a  variet y o f  source s o f  constrain t  tha t  wil l  allo w 

a correc t  interpretatio n t o emerg e i n th e comprehensio n 
process ,  apparentl y withou t  th e cognitiv e overhea d o f  a 

gardenpath .  Burges s an d Hollbac h (1988 )  hav e propose d 

tha t  th e availabilit y  o f  th e past-participl e for m o f  th e ver b i s 
ver y brie f  compare d t o tha t  o f  th e past-tens e form ,  give n it s 

learnin g history .  Suc h a  proposa l  i s  consisten t  wit h th e 
earlie r  resul t  showin g tha t  th e prepositio n mus t  b e 

immediatel y availabl e a s a  cu e wit h th e ver b i n orde r  fo r  a 

gardenpat h t o b e avoided .  Th e presen t  experimen t  attempt s 

t o furthe r  manipulat e thes e constraint s b y demonstratin g tha t 

th e mor e semanticall y constrainin g sentence s tha t  di d no t 

gardenpat h i n Experimen t  1 ,  wil l  exhibi t  a  gardenpat h whe n 

th e lengt h o f  th e disambiguatin g prepositio n i s increased , 

and,  thus ,  resul t  i n a  dela y i n th e integratio n o f  th e 

prepositiona l  cu e wit h th e ambiguou s verb . 

Experiment 2 

M a n i p u l a t i n g Prepositio n L e n g t h 

Stimuli and procedure. Each subject saw four sentences 

i n eac h o f  th e fou r  conditions :  shor t  prepositio n (reduced ) 

Sentenc e Locatio n 

Position 1 Position 2 

Noun Phras e Verb+Pre p 

Long-reduce d 

Long-unreduce d 

Short-reduce d 
Short-unreduce d 

570 
558 
568 
597 

898 
735 
622 
591 

Tabl e 1 .  Mea n 2-wor d b y 2-wor d readin g time s (i n 

msec) . 

wil l  focu s o n th e prepositio n lengt h x  reductio n interactio n 

at  eac h sentenc e position . 

At  positio n 1 ,  th e nou n phrase ,  ther e wer e n o effect s fo r 

prepositio n length ,  reduction ,  no r  th e interaction ,  al l  p s > 

.25 .  N o effec t  i s  expecte d sinc e th e relativ e claus e o r 

prepositio n ha d no t  bee n encountered .  A t  positio n 2 ,  w e se e 

th e effec t  o f  th e prepositio n manipulatio n an d reduction , 

becaus e th e ver b an d prepositio n ar e presente d together . 

Readin g speed s ar e slowe r  fo r  reduce d sentence s tha n fo r 

unreduce d sentences ,  F(l,30 )  =  4.74 ,  p  <  .04 ,  an d th e 
segment s wit h th e longe r  preposition s too k longe r  t o rea d 
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tha n di d th e segment s wit h th e shorte r  prepositions ,  F (  1,30 ) 

= 23.67 ,  p<.00\ .  Ther e i s a  margina l  interactio n betwee n 

reductio n an d prepositio n length ,  F(l,30 )  =  3.06 ,  p  <  .09 . 

Evidenc e fo r  a  gardenpat h i s see n whe n th e ambiguou s 

(reduced )  conditio n i s slowe r  tha n th e unambiguou s 
(unreduced )  condition .  Suc h a n effec t  i s  presen t  onl y i n th e 

sentence s wit h lon g preposition s wher e readin g time s i n th e 

reduce d conditio n ar e longe r  (89 8 ms )  an d i n th e unreduce d 

conditio n (73 5 ms) ,  F i  1,30 )  =  6.12 ,  p  <  .02 .  Thi s effec t  i s 

not  presen t  i n th e sentence s wit h th e shor t  prepositions , 

F(l,30 )  =  2.77,p>.10 . 

Discussion 

The results of this experiment suggest a model of parsing 

tha t  involve s a  variet y o f  constraint s i n orde r  t o accoun t  fo r 

th e resolutio n o f  syntacti c ambiguit y an d explai n th e 

condition s tha t  wil l  resul t  i n th e gardenpat h effect .  W e 

replicate d ou r  earlie r  result ,  i n experimen t  1 ,  demonstratin g 
tha t  wit h sufficientl y constrainin g past-participl e biase d 

nou n phrase s th e gardenpat h ca n b e avoided .  However ,  i n 
th e presen t  experiment ,  whe n th e sam e sentence s wer e 
modifie d wit h a  longe r  preposition ,  th e gardenpat h returned . 

General Discussion 

Such results are inconsistent with a parser that adopts a 

singl e parsin g preferenc e (suc h a s Minima l  Attachment) . 

Consisten t  wit h th e presen t  se t  o f  result s i s a  syntacti c 
decisio n mechanis m tha t  ca n tak e int o accoun t  th e 

characteristic s o f  th e ver b form ,  semanti c o r  themati c 
information ,  an d th e disambiguatin g cu e o f  th e prepositio n 
(se e Burges s &  Lund ,  1994) .  However ,  th e valu e o f  th e 

disambiguatin g prepositio n i s no t  absolute .  I n orde r  fo r  th e 
gardenpat h t o b e avoided ,  i t  seem s importan t  tha t  th e 
prepositio n b e integrate d wit h th e ambiguou s verb .  A 
longe r  preposition ,  whic h take s longe r  t o read ,  wil l  dela y 

thi s integratio n proces s an d resul t  i n a  gardenpath .  I t  i s 

likel y tha t  preposition s serv e t o disambiguat e alon g variou s 
dimension s o f  information .  Fo r  example ,  th e preposition , 
by,  ca n b e use d t o denot e a  location ,  rathe r  tha n use d i n th e 

agentive ,  suc h a s describe d i n thi s experiment .  No r  i s th e 

constrain t  o f  th e semanti c bia s o f  th e N P absolutel y 

constraining .  Th e contex t  effect s observe d i n thi s pape r 

wer e a  functio n o f  th e strengt h o f  th e semanti c bia s an d thi s 

interacte d wit h th e availabilit y  o f  th e disambiguatin g 
preposition .  Thi s patter n o f  result s take s u s on e ste p fiirther 

i n specifyin g th e variet y o f  constraint s tha t  ca n operat e o n 
syntacti c decision s an d th e condition s i n whic h the y wil l 
occu r  (Burges s &  Lund ,  1994 ;  Burges s &Tanenhaus ,  1992 ; 

MacDonald ,  1994 ;  Trueswell ,  Tanenhaus ,  &  Gamsey , 

1992) . 
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