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Contex t  Effect s i n Syntacti c Amb igu i t y Resolution :  T h e Locat io n o f 

Prepositiona l  Phras e A t t a c h m e n t 

Evely n C .  Ferst I 
Departmen t  o f  Psycholog y 

Universit y o f  Colorad o a t  Boulde r 
Boulder ,  Colorad o 80309-034 5 

e f e r s t l @ c l i p r . C o l o r a d o . e d u 

Abstrac t 

Two experiments are reported to test whether the location 
of  prepositiona l  phras e attachmen t  ca n b e influence d b y 
syntacti c an d contextua l  factors .  Th e firs t  experimen t 
teste d th e hypothesi s tha t  attachmen t  i s delaye d unti l  th e 
wor d afte r  th e prepositiona l  phrase .  Replicatin g th e 
result s o f  Taraba n an d McClellan d (1988) ,  thi s experimen t 
showed tha t  sentenc e bia s rathe r  tha n syntacti c structur e 
determine s th e eas e o f  processing ;  attachmen t  effect s wer e 
observe d o n th e word s afte r  th e nou n filler .  I n addition , 
usin g sentence s i n whic h th e nou n fille r  consiste d o f  a 
compoun d noun ,  w e als o foun d evidenc e fo r  delaye d 
attachment .  Usin g sentence s i n whic h th e nou n filler  wa s 
modifie d b y a n adjective ,  w e foun d evidenc e fo r  earl y 
attachment .  I n th e secon d experiment ,  w e use d contex t 
paragraph s t o induc e earlie r  attachmen t  fo r  th e compoun d 
noun sentences .  W h e n th e first  nou n o f  th e compoun d wa s 
mentione d i n th e prio r  discourse ,  attachmen t  effect s wer e 
observe d o n th e disambiguatin g nou n filler.  Whe n th e first 
noun wa s no t  mentioned ,  attachmen t  effect s wer e observed , 
as i n Experimen t  1 ,  o n th e word s afte r  th e prepositiona l 
phrase .  Thus ,  th e stud y support s th e ide a o f  a  context -
dependen t  dela y strateg y fo r  prepositiona l  phras e 
attachment . 

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

The questio n o f  h o w pragmati c informatio n an d discours e 
contex t  influenc e syntacti c processin g ha s recentl y receive d 
much attention .  Accordin g t o th e modularit y hypothesi s 
(Fodor ,  1983) ,  syntacti c processin g i s  informationall y 
encapsulate d an d ca n no t  b e directl y influence d b y non -
syntacti c knowledge .  Base d o n thi s view ,  syntax-firs t 
model s postulat e tha t  syntacti c principle s (e.g. ,  Frazie r  & 
Rayner ,  1982 )  ar e use d t o derive  th e initia l  sentenc e 
structure .  Non-syntacti c informatio n i s the n considere d i n a 
secon d processin g stag e t o evaluat e th e plausibilit y  o f  th e 
resultin g interpretation .  Interactiv e models ,  o n th e othe r 
hand ,  presum e tha t  al l  knowledg e source s ar e take n int o 
accoun t  i n paralle l  (e.g. ,  Marslen-Wilso n &  Tyler ,  1980 ; 
McClelland ,  1987 ;  Grai n &  Steedman ,  1985) .  Bot h type s 
of  model s gran t  th e eventua l  impac t  o f  pragmati c 
informatio n o n th e correc t  interpretatio n o f  a n utterance . 
Thus ,  the y ca n b e distinguishe d onl y b y identifyin g th e 

exac t  locatio n a t  whic h non-syntacti c factor s exer t  thei r 
influence . 

O ne o f  th e syntacti c ambiguitie s use d t o stud y th e 
interactio n betwee n th e syntacti c structur e o f  th e sentenc e 
and pragmati c knowledg e i s prepositiona l  phras e attachment . 
Conside r  th e sentences : 

1)  Catherin e cu t  u p th e shir t  wit h th e knif e becaus e 
she neede d som e rags . 

2 )  Catherin e cu t  u p th e shir t  wit h th e pocke t  becaus e 
she neede d som e rags . 

I n th e first  sentence ,  th e prepositiona l  phras e specifie s th e 
instrumen t  o f  th e actio n cutting ,  an d i s thu s attache d t o th e 
ver b o f  th e sentence .  I n th e secon d sentence ,  th e 
prepositiona l  phrase  modifie s th e objec t  o f  th e sentence ,  an d 
i s thu s attache d t o th e nou n shirt .  Successfu l  selectio n o f 
th e appropriat e syntacti c interpretatio n ca n onl y b e 
accomplishe d whe n th e meanin g o f  th e nou n filler  an d it s 
relatio n t o th e sentenc e i s  take n int o account .  Usin g 
sentence s o f  thi s type ,  Frazie r  an d Rayne r  (1982 )  provide d 
evidenc e fo r  a  syntax-firs t  model .  The y showe d that ,  i n 
accordanc e wit h th e principl e o f  minima l  attachment ,  th e 
nou n attachmen t  readin g wa s mor e difficul t  t o proces s tha n 
th e ver b attachmen t  reading .  I n contrast ,  Taraba n an d 
McClellan d (1988 )  showe d that ,  independen t  o f  th e syntacti c 
structure ,  th e interpretatio n wa s mor e difficul t  whic h wa s 
inconsisten t  wit h th e sentenc e bias .  Providin g furthe r 
suppor t  fo r  a n interactiv e model ,  Al tman n an d Steedma n 
(1988 )  an d Britt ,  Perfetti ,  Garrod ,  &  Rayne r  (1992 ) 
embedded th e sentence s i n biasin g contex t  paragraphs .  I n 
thes e studies ,  readin g difficultie s wer e observe d fo r  th e 
attachmen t  whic h wa s inconsisten t  wit h th e discours e bias . 

Althoug h thes e latte r  thre e studie s agre e i n indicatin g tha t 
pragmati c knowledg e an d discours e contex t  predic t 
processin g difficultie s bette r  tha n syntacti c principles ,  the y 
leav e a n importan t  questio n open .  T h e result s di d no t 
converg e wit h respec t  t o th e locatio n o f  th e processin g 
differences .  A l tman n an d Steedma n (1988) ,  usin g a 
cumulativ e self-pace d readin g task ,  an d Brit t  e t  al .  (1992 , 
Experimen t  2) ,  usin g eye-movemen t  monitoring ,  foun d 
readin g tim e difference s i n th e disambiguatin g prepositiona l 
phrase ,  i.e. ,  earl y effect s o f  non-syntacti c information .  Brit t 
et  al .  (1992 ,  Experimen t  1 )  an d Taraba n an d McClellan d 
(1988) ,  bot h usin g non-cumulativ e self-pace d readin g tasks , 
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foun d difference s onl y i n th e regio n afte r  th e prepositiona l 
phrase ,  bu t  no t  o n th e disambiguatin g nou n filler  itself . 

T wo explanation s ca n b e pu t  fort h t o explai n thi s 
discrepancy .  First ,  i t  ha s bee n argue d tha t  readin g tim e 
measure s ar e highl y tas k dependent .  Increase d readin g time s 
fo r  inconsisten t  sentence s coul d b e du e t o a  spill-ove r  effect , 
and thu s reflec t  processin g difficultie s o n previou s word s 
rathe r  tha n o n th e curren t  one .  Second ,  an d mor e 
interestingly ,  i t  ha s bee n proposed  tha t  attachmen t  migh t  i n 
some case s b e delayed .  Attachmen t  migh t  no t  b e attempte d 
befor e a  "trigger "  i s encountere d (Perfetti ,  1990) ,  o r  befor e 
th e followin g wor d make s i t  clea r  tha t  th e prepositiona l 
phras e i s complete d (Taraba n &  McClelland ,  1988) . 

T o addres s thes e tw o issues ,  w e conducte d tw o 
experiments .  Th e first  goa l  wa s t o sho w tha t  th e non -
cumulative ,  self-pace d readin g tas k i s sufficientl y sensitiv e 
t o captur e processin g difficultie s immediately .  Th e secon d 
objectiv e wa s t o identif y factor s whic h trigge r  attachment . 
Possibl e trigger s considere d i n thi s stud y wer e th e 
complexit y o f  th e nou n phrase ,  an d th e repetitio n o f  a  wor d 
fro m th e prio r  discourse .  Th e crucia l  sentence s use d i n 
containe d a  compoun d nou n a s th e nou n filler  o f  th e 
prepositiona l  phrase .  I f  attachmen t  wa s attempte d 
immediately ,  thi s additiona l  loca l  ambiguit y shoul d lea d t o a 
garden-path ,  independen t  o f  th e attachmen t  o r  sentenc e 
preference .  I f  th e complexit y o f  th e nou n phras e (i.e. ,  th e 
nou n phras e includin g a  modifier )  triggere d integratio n o f  th e 
PP int o th e sentenc e structure ,  attachmen t  effect s woul d b e 
expecte d i n th e disambiguatin g phrase .  Finally ,  i f 
attachmen t  wa s delaye d unti l  th e wor d followin g th e 
prepositiona l  phrase ,  the n readin g tim e pattern s fo r  th e 
compoun d nou n sentence s woul d b e expecte d t o b e simila r 
t o thos e fo r  sentence s containin g a  simpl e nou n phrase . 

Experiment 1 

Th e first  experimen t  wa s designe d t o tes t  whethe r 
attachmen t  take s plac e immediatel y upo n encounterin g th e 
nou n filler  i n th e prepositiona l  phrase .  Sentence s wer e use d 
i n whic h th e first  nou n afte r  th e prepositio n wa s no t  th e 
nou n filler,  bu t  a n adjectiva l  modifier .  I n on e conditio n th e 
nou n filler  consiste d o f  a  compoun d noun ,  s o tha t  bot h 
noun s alon e wer e meaningfu l  continuation s o f  th e sentence , 
whil e requirin g differen t  attachments .  Thus ,  parsin g thes e 
compoun d nou n sentence s require d disambiguatin g th e 
lexica l  categor y o f  th e first  nou n a s wel l  a s disambiguatin g 
th e prepositiona l  phrase .  I n a  secon d condition ,  th e modifie r 
was a n unambiguou s adjective .  A s i n Taraba n an d 
McClellan d (1988) ,  bot h attachmen t  an d sentenc e preferenc e 
wer e independentl y manipulated .  W e als o include d sentence s 
wit h simpl e nou n phrase s fo r  whic h w e expecte d t o replicat e 
Taraban' s an d McClelland' s results . 

Method 

Forty-tw o undergraduat e student s fro m th e Universit y o f 
Colorad o participate d i n th e experimen t  fo r  cours e credit . 
They wer e al l  nativ e speaker s o f  English . 

Thirty-tw o sentence s wer e writte n whic h containe d a 
compoun d nou n a s th e nou n fille r  o f  th e prepositiona l 

phrase .  Eac h sentenc e appeared  i n th e followin g fou r 
versions : 

Simpl g m m phras g (versio n 1) : 
The exterminato r  spraye d th e porc h wit h th e poison . 
Simpl e nou n phras e (versio n 2) : 
The exterminato r  spraye d th e porc h wit h th e ivy . 
Compound nou n phras e (versio n 3V . 
The exterminato r  spraye d th e porc h wit h th e poiso n ivy . 

Adjgctjv g nou n phras e (vgrsiQ p 4) ; 
The exterminato r  spraye d th e porc h wit h th e lus h ivy . 

The fourt h version ,  containin g a n adjectiv e instea d o f  th e 
first  nou n o f  th e compound ,  wa s adde d a s a n unambiguou s 
contro l  fo r  th e complexit y o f  th e compoun d nou n phras e i n 
Versio n 3 . 

Each sentenc e wa s labelle d accordin g t o whethe r  th e 
compoun d nou n (versio n 3 )  require d a  ver b attachmen t  o r  a 
nou n attachment .  Thus ,  th e exampl e give n abov e i s labelle d 
a nou n attachmen t  sentence ,  althoug h Versio n 1  require s a 
ver b attachment .  Th e sentence s wer e preteste d usin g a  Cloz e 
tas k t o ensur e tha t  eigh t  sentence s wer e i n eac h o f  th e fou r 
cell s o f  th e Attachmen t  x  Preferenc e design .  Example s fo r 
sentence s i n eac h o f  th e condition s are : 

ver b attachment ,  ver b preference : 
The littl e bo y wo n a  poun d o f  cookie s i n a  sac k race . 
ver b attachment ,  nou n preference : 
The socia l  worke r  suggeste d a  solutio n t o th e proble m child . 
nou n attachment ,  ver b preference : 
The exterminato r  spraye d th e porc h wit h th e poiso n ivy . 

nou n attachment ,  nou n prgfgrgngg ; 
The polic e arreste d th e mastermin d behin d th e ban k robbery . 

To eac h sentence ,  a  continuatio n wa s writte n s o tha t  th e 
prepositiona l  phras e wa s followe d b y a t  leas t  thre e words . 

The wor d frequencie s o f  th e noun s wer e comparabl e acros s 
conditions .  Eigh t  list s o f  th e experimenta l  sentence s wer e 
create d i n whic h th e sentenc e versio n wa s counterbalance d 
acros s th e fou r  conditions .  Th e orde r  o f  th e sentence s wa s 
randomize d fo r  eac h subject ,  an d 6 4 filler  sentence s wer e 
randoml y inserted . 

The 9 6 sentences ,  an d 5  practic e sentences ,  wer e presente d 
i n a  non-cumulativ e moving-windo w techniqu e (Just , 
Carpente r  &  Woolley ,  1982) .  A t  th e star t  o f  a  trial ,  al l 
letter s o f  th e sentenc e wer e replace d b y dashes ,  leavin g th e 
space s betwee n word s intact .  Subject s use d th e spac e ba r  t o 
reques t  th e displa y o f  eac h word .  A t  th e butto n press ,  th e 
curren t  wor d wa s replace d b y dashes ,  an d th e nex t  wor d i n 
th e sentenc e wa s displayed .  Reactio n time s wer e measure d 
fo r  eac h butto n pres s t o yiel d wor d readin g times .  T o ensur e 
prope r  comprehension ,  th e subject s wer e aske d t o paraphras e 
th e sentenc e afte r  2 4 randoml y selecte d trials . 

Results 

Al l  wor d readin g time s wer e truncate d a t  250 0 msec .  T o 
contro l  fo r  wor d length ,  an d t o contro l  fo r  individua l 
differences ,  th e readin g time s fro m th e filler  sentence s wer e 
use d t o calculat e linea r  regressio n coefficient s fo r  eac h 
subject ,  usin g wor d lengt h a s a  predicto r  o f  readin g time . 
For  th e experimenta l  sentences ,  residual s fro m thes e 
regression s wer e use d a s th e dependen t  variabl e i n al l 
analyses .  Th e fou r  crucia l  position s withi n th e sentence s 
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wer e th e (firs t  and )  secon d wor d o f  th e nou n phras e i n th e 
prepositiona l  phrase ,  an d th e tw o word s followin g th e nou n 
phrase .  Al l  analyse s wer e conducte d ove r  subject s (F-value s 
ar e denote d wit h Fl )  an d ove r  item s (F2) .  I n th e analysi s b y 
subjects ,  al l  thre e factor s Attachment ,  Preference ,  an d 
Sentenc e Versio n wer e within-subjects .  I n th e analysi s b y 
sentence s th e factor s Attachmen t  an d Preferenc e wer e 
between-items ,  whil e th e facto r  Versio n wa s within-items . 

Simpl e N P sentences :  Th e nou n fille r  wa s rea d 
slightl y faste r  fo r  sentence s i n Versio n 2  (th e secon d wor d o f 
th e compoun d noun )  tha n fo r  sentence s i n Versio n 1  (th e 
first  wor d o f  th e compoun d noun) ,  yieldin g a  significan t 
mai n effec t  o f  Versio n (Fl(l,41)=4.3 ,  p<0.05 , 
F2(l,28)=9.18 ,  p<0.01) .  Neithe r  Attachmen t  no r  Preferenc e 
influence d readin g time s a t  thi s position . 

For  th e wor d afte r  th e prepositiona l  phrase ,  ther e wa s a 
highl y significan t  tripl e interactio n betwee n Attachment , 
Preferenc e an d Versio n (Fl(l,41)=14.9 ,  p<0.001 , 
F2(l,28)=9.4 ,  p<0.01) ,  indicatin g tha t  thi s wor d wa s rea d 
faste r  i n sentence s i n whic h th e attachmen t  wa s consisten t 
wit h th e sentenc e preference .  Processin g time s tende d t o 
increas e mor e whe n a  ver b preferenc e wa s violate d tha n whe n 
a nou n preferenc e wa s violated .  Thus ,  th e Attachmen t  x 
Versio n interactio n reache d significanc e b y subject s 
(Fl(l,41)=4.9 ,  p<0.05 )  an d almos t  b y item s (F2(l,28)=4.1 , 
p<0.06) . 

At  th e secon d wor d afte r  th e prepositiona l  pnra& c m c 
advantag e fo r  consisten t  sentence s wa s stil l  significan t 
(Fl(l,41)=18.0 ,  p<0.0001 .  F2(l,28)=13.8 ,  p<0.001) .  N o 
othe r  effec t  wa s foun d o n thi s position . 

C o m p l e x N P sentences :  I n th e overal l  analysi s fo r 
thes e sentences ,  n o effect s o f  eithe r  attachmen t  o r  preferenc e 
wer e found .  T o evaluat e th e effect s o f  consistency ,  w e 
repor t  her e onl y th e result s o f  planne d comparisons .  Fo r 
eac h wor d an d eac h o f  th e tw o sentenc e versions ,  w e teste d 
whethe r  ther e wa s a  consistenc y effect ;  i.e. ,  w e teste d 
whethe r  readin g time s fo r  sentence s i n whic h Attachmen t 
and Preferenc e matche d wer e longe r  tha n readin g time s fo r 
sentence s i n whic h th e Attachmen t  wa s differen t  fro m th e 
Preference . 

For  compoun d nou n sentences ,  ther e wer e significan t 
consistenc y effect s o n bot h word s afte r  th e prepositiona l 
phras e (Fl(l,41)=10.0 ,  p<0.01 ,  F2(l,30)=6.8 ,  p<0.05 ,  fo r 
th e firs t  word ;  Fl(l,41)=10.8 ,  p<0.01 ,  F2(l,30)=5.0 . 
p<0.05 ,  fo r  th e secon d word) ,  bu t  no t  befor e (al l  Fs<l) . 

For  th e adjectiv e sentences ,  th e consistenc y effec t  o n th e 
adjectiv e w a s reliabl e (Fl(l,41)=8.2 ,  p<0 .01 ; 
F2(l,30)=15.5 ,  p<0.001) .  Increase d processin g time s wer e 
als o observe d o n th e nou n fille r  itsel f  (FI(1,41)=6.3 , 
p<0.05) ,  althoug h thi s resul t  wa s no t  significan t  b y 
sentence s (F2(l,30)=2.1 ,  p=0.16) . 
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Figur e 1 .  Difference s betwee n inconsisten t  an d consisten t  sentence s fo r  eac h o f  th e sentenc e types . 
The curv e labelle d "simpl e N P "  i s average d acros s Versio n 1  an d Versio n 2  sentences . 

Discuss io n 

The result s fo r  th e simpl e nou n phras e sentence s replicate d 
thos e o f  Taraba n an d McClellan d (1988) .  Consistenc y wit h 
sentenc e preference ,  no t  attachment ,  predicte d processin g 
difficultie s o n th e word s afte r  th e prepositiona l  phrase .  N o 
attachmen t  effect s wer e foun d o n th e disambiguatin g nou n 
filler  o f  th e prepositiona l  phrase . 

Readin g tim e pattern s fo r  th e sentence s whic h containe d a 
compoun d nou n filler  mirrore d thos e fo r  th e simpl e N P 
sentence s almos t  perfectly .  Ther e wa s n o indicatio n fo r  a 
garden-pat h induce d b y th e additiona l  loca l  ambiguit y i n 
thes e sentences .  Attachmen t  wa s delaye d unti l  th e wor d 
followin g th e prepositiona l  phras e signale d th e en d o f  th e 

nou n phrase .  Thus ,  th e complexit y o f  th e nou n phras e 
alon e doe s no t  trigge r  earlie r  attachment . 

For  th e sentence s i n whic h a n adjectiv e wa s adde d i n th e 
prepositiona l  phrase ,  processin g time s increase d reliabl y o n 
th e adjective ,  eve n befor e th e disambiguatin g noun .  Thi s 
resul t  show s tha t  th e self-pace d readin g tas k i s sufficientl y 
sensitiv e t o captur e processin g difficultie s immediately . 
Moreover ,  th e diminishe d consistenc y effect s o n th e word s 
followin g th e adjectiv e sugges t  tha t  processin g th e 
unexpecte d adjectiv e allowe d reader s t o anticipat e th e 
inconsisten t  attachmen t  upo n processin g th e adjective . 
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E x p e r i m e n t  2 

Th e secon d experimen t  wa s designe d l o induc e earlie r 
attachmen t  o f  th e compoun d nou n phrases .  T o eac h 
sentence ,  context s consistin g o f  on e o r  tw o sentence s wer e 
written .  Th e tw o context s wer e minimall y differen t  i n th e 
sens e tha t  onl y on e wor d o r  a  shor t  phras e wa s altered .  I n 
on e context ,  th e first  nou n o f  th e compoun d (e.g. ,  poison ) 
was mentioned ,  i n th e othe r  contex t  thi s wor d wa s replace d 
by a  neutra l  word .  Fo r  example ,  th e tw o context s use d fo r 
th e poiso n iv y sentenc e are : 

Mentio n context : 
1)  Th e Gordon s avoide d usin g poiso n wheneve r  possible . 

W h en the y foun d lic e o n thei r  porch ,  the y ha d t o cal l  a n 
exterminator . 

No-mentio n context : 
2)  Th e Gordon s avoide d usin g chemical s wheneve r  possible . 

W h en the y foun d lic e o n thei r  porch ,  the y ha d t o cal l  a n 
exterminator . 

The context s wer e no t  intende d t o bia s toward s eithe r 
attachment .  However ,  finding  th e first  nou n (e.g. ,  poison ) 
i n th e discours e contex t  wa s hypothesize d t o trigge r  earlie r 
attachmen t  (e.g. ,  Perfetti ,  1990 ;  Altman n &  Steedman , 
1988 )  fo r  sentence s i n Versio n 1  (poison )  an d Versio n 3 
(poiso n ivy) .  Fo r  th e othe r  tw o sentenc e type s (i.e. ,  iv y an d 
lus h ivy )  n o effect s o f  contex t  wer e expected . 

Method 

Fifty-fou r  subject s participate d i n thi s experiment .  Th e 
same 3 2 sentence s wer e use d a s i n Experimen t  1 .  Th e 
factor s Attachmen t  an d Preferenc e wer e collapse d int o on e 
facto r  Consistency .  T o eac h sentenc e tw o shor t  contex t 
paragraphs ,  consistin g o f  on e o r  tw o sentences ,  wer e writte n 
(se e above) .  Eac h subjec t  sa w tw o paragraph s i n eac h o f  th e 
cell s o f  th e Consistenc y x  Versio n x  Contex t  design . 
Becaus e th e paragraph s wer e longer ,  onl y 4 0 filler  trial s wer e 
randoml y inserte d betwee n th e experimenta l  trials .  Th e 
procedur e wa s identica l  t o tha t  o f  Experimen t  1 ,  excep t  fo r 
th e comprehensio n test .  I n orde r  t o encourag e integratio n o f 
th e targe t  sentenc e wit h th e precedin g contex t  sentences , 
subject s wer e aske d t o summariz e th e paragrap h i n on e shor t 
sentence . 

Results 

Readin g time s wer e truncate d a t  250 0 msec .  A s i n 
Experimen t  1 ,  th e analyse s ar e base d o n th e residual s from 
th e individua l  regression s o f  readin g time s o n wor d lengths . 
Instea d o f  reportin g th e result s o f  th e overal l  analyses ,  w e 
focu s her e o n th e planne d comparisons .  Fo r  eac h sentenc e 
versio n an d eac h context ,  th e questio n o f  interes t  wa s a t 
whic h locatio n th e consistenc y effec t  wa s first  observed . 

Simpl e N P sentences .  Figur e 2  show s th e consistenc y 
effec t  fo r  Versio n 1  sentence s a s a  functio n o f  context . 
W h en th e nou n filler  o f  thes e sentence s wa s mentione d i n 
th e context ,  th e consistenc y effec t  manifeste d itsel f  a t  th e 
wor d immediatel y followin g th e prepositiona l  phras e 
(Fl(l,53)=15.0 ,  p<0.001 ,  F2(l,30)=9,5 ,  p<0.01) .  W h e n 
th e nou n filler  wa s no t  mentioned ,  ther e wa s n o consistenc y 

effec t  o n th e wor d immediatel y followin g th e prepositiona l 
phras e (F's<1.8) ,  bu t  o n th e nex t  wor d (Fl (  1,53) = 13.5 , 
p<0.001 ,  F2(1.30)=7.6 ,  p<0.01) .  Fo r  Versio n 2  sentences , 
th e consistenc y effec t  o n th e wor d afte r  th e prepositiona l 
phras e wa s significan t  i n bot h context s (Fl(l,53)=9.4 , 
p<0.01 ;  F2(l,30)=4.0,p<0.06 ,  fo r  Contex t  1 ;  Fl(l,53)=6.7 . 
p<0.01 ,  F2(l,30)=4.4 ,  p<0.05 ,  fo r  Contex t  2) . 
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Figur e 2 :  Consistenc y effec t  a s a  functio n o f  contex t  fo r  th e 
simpl e nou n sentence s i n Versio n 1  (pocket ,  poison) . 

Complex NP sentences. Figure 3 illustrates the 
consistenc y effec t  fo r  th e c o m p o u n d nou n sentences .  W h e n 
th e compoun d nou n sentence s wer e embedde d i n th e contex t 
whic h di d no t  mentio n th e first  noun ,  th e consistenc y effec t 
appeare d o n th e w o r d afte r  th e prepositiona l  phras e 
(Fl (  1,53) = 17.0 ,  p<0.0001 ;  F2(l,30)=11.8 ,  p<0.002) ,  bu t 
not  befor e (F's<l) .  However ,  w h e n th e first  wor d o f  th e 
nou n filler  w a s mentione d i n th e context ,  ther e wa s a 
consistenc y effec t  o n th e secon d wor d o f  th e nou n filler 
(Fl(l,53)=10.1 ,  p<0.01 ;  F2(l,30)=5.5 ,  p<0.05) . 

For  th e adjectiv e sentences ,  consistenc y di d no t  affec t 
readin g time s fo r  th e adjectiv e i n eithe r  context .  Embedde d 
i n Contex t  1 ,  th e consistenc y effec t  reache d significanc e 
onl y b y subject s (Fl(l,53)=5.0 ,  p<0.05 ,  fo r  th e nou n filler, 
Fl(l,53)=5.6 ,  p<0.05 ,  fo r  th e wor d afte r  th e PP) ,  bu t  neve r 
by item s (F2 (  1,30) = 1.7 ,  p=0.21 ,  an d F2 (  1,30)=2.7 .  p=0.11 , 
resp.) .  E m b e d d e d i n Contex t  2 ,  ther e w a s a  reliabl e 
consistenc y effec t  fo r  th e nou n fille r  (Fl(l,53)=14.8 , 
p<0.001 ;  F2(l,30)=6.2 ,  p<0.05) . 

Discussion 

The contex t  paragraph s di d no t  alte r  th e sentenc e preference s 
differentially .  Fo r  al l  sentenc e types ,  consisten t  sentence s 
wer e rea d faste r  tha n inconsisten t  sentences .  Th e locatio n o f 
th e consistenc y effec t  changed ,  however .  Th e repetitio n o f  a 
wor d fro m th e prio r  discours e coul d indee d influenc e th e 
locatio n o f  attachment .  W h e n th e nou n filler,  o r  th e first 
wor d o f  th e compoun d nou n filler,  wa s mentione d i n th e 
precedin g context ,  attachmen t  difficultie s wer e observe d on e 
wor d earlie r  tha n whe n th e nou n wa s no t  mentioned .  Thus , 
finding  a  referen t  fo r  on e o f  th e word s i n th e nou n phras e 
triggere d attachment .  Fo r  th e adjectiv e sentences ,  th e 
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consistenc y effec t  appeare d late r  i n contex t  tha n i n isolation , 
and it s magnitud e wa s diminished . 
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Figur e 3 :  Consistenc y effec t  a s a  functio n o f  contex t  fo r 
th e compoun d nou n sentences . 

General Discussion 

The experiment s reporte d her e allow s severa l  conclusions . 
First ,  i t  wa s show n tha t  th e self-pace d readin g tas k ca n b e 
use d t o detec t  attachmen t  difficultie s immediately .  Earl y 
effect s i n Experimen t  1  fo r  th e adjectiv e sentences ,  an d i n 
Experimen t  2  fo r  th e compoun d nou n sentence s showe d tha t 
th e readin g tim e measur e i s sensitiv e enoug h fo r  capturin g 
processin g difficultie s immediately .  Ther e wa s n o evidenc e 
fo r  a  genera l  spill-ove r  effect . 

Second ,  attachmen t  di d no t  predic t  readin g tim e 
differences .  I n suppor t  o f  a n interactiv e model ,  th e 
consistenc y o f  th e attachmen t  wit h th e sentenc e preferenc e 
determine d th e eas e o f  processin g (fo r  a  possibl e syntacti c 
accoun t  o f  th e caus e o f  th e preferences ,  se e Clifton ,  Spee r  & 
Abney ,  1989) . 

Third ,  th e stud y provide s evidenc e fo r  a  context-dependen t 
dela y strateg y i n prepositiona l  phras e attachment .  Usin g 
onl y minimall y differen t  sentences ,  bot h earl y an d lat e 
attachmen t  effect s wer e observed .  Experimen t  1  replicate d 
th e lat e effect s foun d b y Taraba n an d McClellan d (1988) ,  an d 
extende d the m t o compoun d nou n sentences .  Eve n i n thes e 
sentence s wit h increase d complexit y o f  th e nou n phrase , 
containin g a  modifier ,  attachmen t  wa s delaye d unti l  afte r  th e 
end o f  th e phrase .  N o evidenc e fo r  a  garden-pat h induce d b y 
th e additiona l  loca l  ambiguit y o f  thes e sentence s wa s 
obtained .  Thi s resul t  i s  incompatibl e wit h a  parsin g mode l 
i n whic h eac h wor d i s assume d t o b e integrate d int o th e 
sentenc e structur e a s i t  i s  encountered . 

Fourth ,  somewha t  surprisin g result s wer e obtaine d fo r  th e 
adjectiv e sentences .  Thes e sentence s wer e merel y intende d t o 
provid e a  contro l  conditio n fo r  th e lengt h o f  th e compoun d 
nou n phrase ,  an d wer e expecte d t o b e processe d lik e th e 
simpl e nou n phrases .  Contrar y t o thes e expectations ,  th e 
consistenc y o f  attachmen t  an d sentenc e preferenc e affecte d 
th e readin g time s eve n befor e th e nou n filler  wa s read . 
Attachmen t  o f  adjectiv e sentence s wa s initiate d befor e 
encounterin g th e lexica l  hea d o f  th e phrase .  Therefore ,  a 
head-corne r  parse r  (e.g. ,  Abney ,  1989 )  seem s t o b e 

inconsisten t  wit h th e presen t  result s (cf. ,  Hemforth , 
Konieczny ,  &  Strube ,  1993 ,  w h o reporte d a  simila r  finding). 
Althoug h a  left-corne r  parse r  (Johnson-Laird ,  1983 )  ca n 
accoun t  fo r  th e earl y effect s fo r  th e isolate d adjectiv e 
sentences ,  i t  doe s no t  explai n h o w th e discours e contex t 
eliminate d thes e effects . 

Fifth ,  referentia l  informatio n wa s show n t o chang e th e 
locatio n o f  attachment .  W h e n th e nou n fille r  i n th e 
prepositiona l  phras e ha d bee n referre d t o i n th e prio r 
discourse ,  consistenc y effect s wer e observe d earlie r  tha n 
when i t  ha d no t  bee n mentioned .  Thi s resul t  i s  consisten t 
wit h th e earl y effect s foun d b y Al tman n an d Steedma n 
(1988) ,  w h o als o use d contex t  paragraph s i n whic h th e nou n 
filler  wa s mentioned .  Contex t  di d influenc e th e parsin g 
processe s immediately . 

Thes e result s sugges t  tha t  a  successfu l  theor y o f  parsin g 
must  specif y i n detai l  th e interaction s betwee n loca l 
processes ,  suc h a s lexica l  categor y assignment ,  an d globa l 
processes ,  suc h a s constituen t  phras e attachment .  Attempt s 
t o refin e parsin g theorie s i n thi s wa y hav e bee n made .  Fo r 
instance ,  Frazie r  &  Rayne r  (1987 )  modifie d thei r  garden-pat h 
theory .  The y postulat e a  dela y mechanis m fo r  lexica l 
categor y assignment ,  an d a  first-available  strateg y fo r  globa l 
structura l  decision .  Delaye d categor y assignment ,  an d 
consequentl y delaye d prepositiona l  attachment ,  i s  consisten t 
wit h th e lat e consistenc y effect s fro m Experimen t  1 . 
However ,  th e modifie d garden-pat h mode l  doe s predic t 
processin g difficultie s fo r  non-minima l  attachmen t 
sentences ,  rathe r  tha n processin g difficultie s fo r  unexpecte d 
attachments .  Furthermore ,  thi s mode l  canno t  accoun t  fo r 
th e contex t  effect s obtaine d i n Experimen t  2 . 

I n contras t  t o th e modifie d garden-pat h model ,  Perfett i 
(1990 )  suggeste d immediat e assignmen t  o f  lexica l 
categories ,  bu t  delaye d globa l  attachments .  T h e globa l 
attachment s ca n b e triggere d b y syntactic ,  semantic ,  an d 
contextua l  information .  Thi s framewor k seem s t o b e mos t 
easil y adopte d fo r  explainin g th e dat a fro m th e curren t  study . 
I n isolation ,  th e wor d afte r  th e prepositiona l  phras e trigger s 
attachment ,  an d i n th e discours e context ,  th e previousl y 
mentione d nou n act s a s a  trigger .  However ,  i t  i s  necessar y 
t o compil e a  complet e lis t  o f  th e possibl e trigger s i n orde r 
t o evaluat e th e prediction s o f  thi s theory . 

Finally ,  strongl y interactiv e model s ar e compatibl e wit h 
our  results .  Fo r  instance ,  th e probabilisti c  mode l  propose d 
by MacDona l d (1993) ,  explain s parsin g processe s usin g 
statistica l  informatio n abou t  syntacti c an d non-syntacti c 
constructions .  T o accoun t  fo r  th e presen t  dat a i t  woul d b e 
necessar y t o obtai n detaile d informatio n abou t  th e relativ e 
frequencie s o f  occurrenc e o f  th e sentenc e type s use d i n thi s 
study . 

Furthe r  empirica l  researc h i s neede d t o understan d th e 
interpla y betwee n syntacti c mechanism s o n variou s levels , 
as wel l  a s thei r  interactio n wit h non-syntacti c information . 
We hop e tha t  th e presen t  stud y contribute s t o thi s 
understanding ,  s o tha t  w e ca n c o m e close r  t o a n accurat e 
descriptio n o f  huma n languag e processin g system . 
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