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Consul t in g t e m p o r a l  contex t  dur in g sentenc e c o m p r e h e n s i o n : 

Ev idenc e f r o m th e moni tor in g o f  ey e m o v e m e n t s i n readin g 

Joh n C .  Trueswel l 
trueswel@psych.rochester.ed u 

and Michae l  K .  Tanenhau s 
mtan@psych.rochester.ed u 

Departmen t  o f  Psycholog y 
Universit y o f  Rocheste r 
Rochester ,  N Y 1462 7 

Abstrac t 

An important aspect of language processing is the 
comprehender' s abilit y  t o determin e tempora l  relation s 
betwee n a n even t  denote d b y a  ver b an d event s alread y 
establishe d i n th e discourse .  Thi s ofte n require s th e 
tens e o f  a  ver b t o b e evaluate d i n relatio n t o specifi c 
tempora l  discours e properties .  W e investigat e th e 
tim e cours e o f  thi s proces s b y examinin g h o w th e 
tempora l  propertie s o f  a  discours e influenc e th e initia l 
processin g o f  temporaril y  ambiguou s reduce d relativ e 
clauses .  M u c h o f  tfie  empirica l  wor k o n th e readin g 
of  reduce d relativ e clause s ha s reveale d tha t  reader s 
experienc e a  larg e mis-analysi s effec t  (o r  *garden -
patfi' )  i n reduce d relative s lik e "Th e studen t  spotte d b v 

th e procto r  receive d a  warning "  becaus e th e reade r  ha s 

initiall y  interprete d th e ver b "spotted "  a s a  pas t  tens e 
ver b i n a  mai n clause .  Recen t  result s from  a n ey e 
movement  stud y ar e provide d whic h irnlicat e tha t  thi s 
mis-analysi s o f  relativ e clause s ca n b e eliminate d 
when th e tempora l  constraint s o f  a  discours e d o no t 
easil y permi t  a  mai n claus e pas t  tens e interpretation . 
Suc h a  flnding  strongl y suggest s tha t  reader s proces s 
tens e i n relatio n t o th e tempora l  propertie s o f  th e 
discourse ,  an d tha t  constraint s from  thes e propertie s 
ca n n^ndl y influenc e processin g a t  a  stnKtura l  level . 

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

Understanding a discourse requires the listener or 
reade r  t o develo p an d maintai n a  representatio n o f  th e 
event s an d entitie s unde r  discussion .  I n addition , 
m a ny linguisti c expression s ca n onl y b e interprete d 
b y makin g refer^c e t o informatio n i n thi s discours e 
representation .  I t  i s  thi s contextuall y dependen t 
propert y o f  languag e whic h motivate s incrementa l 
model s o f  sentenc e processing .  Suc h model s propos e 
that ,  a s a  sentenc e unfold s i n time ,  reader s an d 
listener s m a k e rapi d commitment s t o interpretation s 

by incrementall y evaluatin g linguisti c inpu t  i n 
relatio n t o som e portio n o f  th e discours e (Grai n & 
Steedman ,  1985 ;  Altman n &  Steedman .  1988 ;  N i  an d 
Grain ,  1990) .  I n thi s way ,  sentenc e processin g i s 
made sensitiv e t o th e constraint s provide d b y variou s 
aspect s o f  th e discourse .  Mos t  o f  th e empirica l 
evidenc e supportin g thi s approac h focuse s o n th e 
contextua l  dependencie s o f  definit e nou n phrases . 
Suc h wor k provide s evidenc e suggestin g tha t  th e 
referenc e t o individuals ,  set s an d thei r  propertie s vi a 
nou n phras e expression s influence s sentenc e 
processin g a t  a  structura l  level .  W e repor t  her e 
complementar y researc h whic h examine s whethe r 
simila r  processe s appl y t o th e establishmen t  of ,  an d 
referenc e to ,  tempora l  an d even t  discours e entities . 

Withi n computationa l  linguistics ,  ther e i s a n 
increasin g interes t  i n th e topi c o f  tens e an d aspec t  an d 
it s relatio n t o discours e processin g problem s 
(Webber ,  1988) .  I n particular ,  researcher s wis h t o 
characterize ,  a t  a  processin g level ,  h o w t o interpre t 
and represen t  comple x event s i n a  changin g discourse . 
T wo issue s o f  critica l  importanc e ar e th e proble m o f 
encodin g ne w even t  description s (typicall y denote d b y 
tense-marke d ver b phrases) ,  an d th e proble m o f 
manipulatin g reference s t o event s alread y establishe d 
i n th e discourse .  A  numbe r  o f  researcher s hav e 
pointe d ou t  tha t  th e tens e o f  a  ver b ca n onl y b e 
interprete d i n relatio n t o th e tempora l  informatio n 
associate d wit h th e even t  structur e o f  th e discours e 
(Dowty .  1986 ;  Hinrichs ,  1986 ;  Partee ,  1984 ; 
Steedman ,  1982 ;  Webber ,  1988) .  I n fact ,  Webbe r 
(1988 )  ha s recentl y argue d tha t  tense ,  b y definition , 
shoul d b e considere d a  discours e anaphor ,  simila r  t o 
tha t  o f  a  definit e nou n phrase . 

Most  model s o f  tens e interpretatio n tak e a s thei r 
startin g poin t  th e wor k o f  Han s Reichenbac h 
(1947),wh o propose d tha t  interpretatio n o f  tens e 
require s thre e separat e semanti c entities :  tim e o f 
speec h (S) ,  tim e o f  even t  (E) ,  an d tim e o f  referenc e 
(R) .  T im e o f  speech ,  S ,  i s  th e tim e a t  whic h th e 
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utteranc e occur s (usuall y though t  o f  a s "now") .  Th e 
tim e o f  event ,  E ,  i s  th e tim e a t  whic h a n even t 
(usuall y denote d b y a  verb )  take s place .  Th e tim e o f 
reference ,  represent s th e tempora l  perspectiv e fro m 
whic h th e describe d even t  i s viewed .  W h e n thes e 
idea s ar e incorporate d int o a  mode l  o f  discourse .  S  an d 
R ar e typicall y considere d variable s whic h chang e 
durin g th e progressio n o f  th e discourse . 

Withou t  goin g int o th e detail s o f  h o w S  an d R 
ar e establishe d fo r  a  curren t  discours e segmen t  (se e 
Tnieswel l  an d Tanenhaus ,  1991) ,  conside r  th e 
followin g sentenc e pair ,  i n whic h th e flrst  sentenc e 
establishe s a  particula r  relatio n betwee n S  an d R . 

la. Tomorrow, Ms. Brown will announce she is 
runnin g fo r  president .  ( R >  S) . 

b.  Sh e ra n fo r  presiden t  i n th e las t  electio n a s 
well . 

The notation (R>S) indicates that sentence (la) 
establishe s a  tim e o f  referenc e fo r  th e curren t 
discours e segmen t  whic h i s ahea d o f  th e curren t  tim e 

of  speec h ("now") .  Conside r  th e pas t  tens e ver b "ran " 
i n lb .  A  pas t  tens e ver b require s th e opposit e 
relation  betwee n R  an d S  fro m tha t  establishe d i n l a 
(ie. ,  i t  require s tim e o f  reference  preced e tim e o f 

speec h (R<S)) .  Suc h a  tens e shif t  ha s seriou s 
consequence s t o th e discours e organization .  For ,  no t 
onl y doe s a  ne w tim e o f  referenc e nee d t o b e 
established ,  but ,  mos t  likely ,  a  n e w discours e 
segment  a s wel l  (Gros z &  Sidner ,  1986) . 

Webber  (1988 )  ha s propose d tha t  discours e 
processin g ofte n proceed s alon g th e "pat h o f  leas t 
resistance "  (minima l  inference) .  Reader s an d listener s 
wil l  avoi d costl y discours e processing ,  suc h a s 
segmentation ,  unles s explicitl y  marke d (a s i n lb) . 
Natura l  question s tha t  aris e fro m thi s processin g 
perspectiv e are :  a )  a t  wha t  poin t  i n processin g d o 
listener s an d reader s conside r  tens e i n relatio n t o 
tempora l  propertie s o f  th e discourse ,  an d b )  ca n 
discours e constraint s relate d t o suc h consideration s 
influenc e processin g a t  a  structura l  level . 

To explor e thes e questions ,  w e mad e us e o f  th e 
well-know n temporar y ambiguit y associate d with 
restrictiv e reduced  relativ e clauses .  Ambiguou s 
phrase s suc h a s 'Th e studen t  spotted... "  ca n b e 
continue d eithe r  a s a  mai n claus e wit h a  pas t  tens e 
for m o f  th e ver b (e.g. ,  "Th e studen t  spotte d th e 
procto r  an d wen t  bac k t o work" )  o r  a  relative  claus e 
wit h a  participia l  for m o f  th e vert )  (e.g. ,  "Th e studen t 
spotte d b y th e procto r  receive d a  warning") . 
Crucially ,  a  pas t  tens e i n a  mai n claus e an d a 
participl e i n a  relative  claus e requir e differen t  tempora l 
and even t  informatio n t o b e presen t  i n th e discourse . 
A pas t  tens e ver b i n a  mai n claus e require s tim e o f 
referenc e t o preced e tim e o f  speech .  However , 
participia l  verb s i n relativ e clause s m a k e n o 

restrictions  o n R  an d S ,  becaus e thes e phrase s onl y 
I&fe i  t o event s alread y establishe d i n th e discourse . 

M u ch o f  th e empirica l  wor k o n th e readin g o f 
reduce d relative  clause s ha s revealed  tha t  reader s 
experienc e a  larg e mis-analysi s effec t  (o r  'garden -
path' )  i n suc h sentence s becaus e th e reade r  ha s 
initiall y  interprete d th e ver b a s a  pas t  tens e ver b i n a 
mai n claus e (Ferreir a an d Clifton ,  1986 ;  Tnieswel l  e t 
al ,  1992) .  W e explore d whethe r  thi s mis-analysi s o f 
relativ e clause s ca n b e eliminate d whe n th e tempora l 
constraint s o f  a  discours e d o no t  easil y permi t  a  mai n 
claus e pas t  tens e interpretation .  Suc h a  findin g woul d 
demonstrat e tha t  readers  proces s tens e i n relation  t o 
th e tempora l  iffopertie s o f  th e discourse ,  an d tha t  thi s 
tempora l  informatio n ca n rapidl y influenc e syntacti c 
processing . 

Method 

Twenty University of Rochester students participated 
i n th e study .  Ey e movement s o f  eac h subjec t  wer e 
recorde d usin g a  Stanfor d Researc h Institut e Dua l 
Purkinj e Eyetracker .  Th e eyetracke r  transmitte d 
informatio n concernin g horizonta l  an d vertica l  ey e 
positio n angl e o f  th e subject' s righ t  ey e t o a 
Macintos h I I  compute r  equippe d wit h a n analo g t o 
digita l  conversio n board .  E y e positio n w a s 
determine d b y samplin g ever y millisecon d bot h th e 
horizonta l  an d vertica l  ey e angl e an d blin k signal s 
fro m th e eyetracker .  Th e positio n an d duratio n o f 
eac h fixatio n wa s compute d an d store d t o disk . 
Stimul i  wer e displaye d o n a  hig h resolutio n R G B 
monitor ,  wit h th e subject' s eye s approximatel y 6 4 c m 
fro m th e screen .  Th e visua l  angl e o f  eac h characte r 
was slightl y greate r  tha n 1 2 minute s o f  arc ,  allowin g 
fo r  on e characte r  resolutio n fro m th e eyetracke r 
positio n signals .  Fo r  eac h subject ,  th e eyetracke r  wa s 
aligne d an d th e signa l  wa s calibrate d t o th e scree n 
coordinates .  Eac h tria l  consiste d o f  th e presentatio n 
of  a  thre e t o five  sentenc e paragraph .  Th e subjec t  rea d 
th e sentence s silentl y an d the n presse d a  butto n t o 
signa l  tha t  h e o r  sh e wa s finished.  O n abou t  a  thir d 
of  th e trials ,  a  yes/n o comprehensio n questio n 
appeare d o n th e scree n prio r  t o th e lin e trac e test . 
Subject s wer e give n feedbac k a s t o whethe r  thei r 
butto n respons e answe r  wa s correct .  (Se e Trueswel l 
et  al ,  1992 ,  fo r  a  mor e complet e descriptio n o f  a 
simila r  procedure. ) 

An exampl e targe t  paragrap h i s show n i n Tabl e 
1.  Th e 1 6 targe t  paragraph s wer e embedde d i n 4 4 
distracto r  paragraph s containin g variou s construc -
tions ,  an d variou s tempora l  relations .  Se e Trueswel l 
& Tanenhau s (1991 )  fo r  a  complet e lis t  an d 
descriptio n o f  th e targe t  stimuli . 
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Tabl e 1 :  E x a m p l e o f  targe t  stimuli . 

Context 

Past 

Severa l  student s wer e sittin g togethe r  takin g a n 
e x a m yesterday .  A  procto r  c a m e u p an d notice d on e 
cfth e student s cheating . 

Future 

Severa l  student s wil l  b e sittin g togethe r  takin g a n 
e x a m tomorrow .  A  procto r  wil l  c o m e u p a n d notic e 
on e o f  th e student s cheating . 

Target 

Reduced : 

Th e studen t  spotte d b y th e procto r  received/wil l 
receiv e a  warning . 

Unreduced : 

Th e studen t  w h o w a s spotte d b y th e procto r 
received/wil l  receiv e a  warning . 

P r e d i c t i o n s 

The past context establishes the appropriate temporal 
parameter s fo r  a  ne w pas t  even t  t o b e introduce d int o 
th e discourse ,  wherea s th e futur e contex t  doe s not . 
Therefore ,  a  fragmen t  suc h a s "Th e studen t  spotted... " 
shoul d b e interprete d a s par t  o f  a  mai n claus e i n th e 
pas t  contex t  an d a s par t  o f  a  reduce d relativ e claus e i n 
th e futur e context .  Thi s predictio n wa s confirme d i n 
a sentenc e completio n stud y (Trueswel l  &  Tanenhaus , 
1991) .  Th e presen t  stud y wa s conducte d t o determin e 
whethe r  thes e tempora l  constraint s woul d affec t  on -
lin e processing . 

R e s u l t s 

Tota l  R e a d i n g time s 

Each target sentence was divided into three scoring 
regions :  th e initia l  nou n phras e ("Th e student") ,  th e 
relativ e claus e ("spotte d b y th e proctor") ,  an d th e ver b 
phras e region  ("wil l  receive "  o r  "receive d a") .  Figur e 
l a present s mea n tota l  readin g time s fo r  eac h regio n 
(th e tota l  amoun t  o f  tim e spen t  withi n a  region , 
includin g reread s o f  a  region) .  T o bette r  se e an y effec t 
of  ambiguity .  Figur e l b show s th e differenc e i n tota l 
readin g time s betwee n ambiguou s reduce d relativ e 
clause s an d unambiguou s unreduce d relativ e clause s 
fo r  bot h futur e an d pas t  contexts .  Positiv e difference s 
reflec t  increase d difficult y i n processin g a  regio n whe n 
th e relative  claus e di d no t  contai n th e "wh o was "  (ie. , 
when i t  wa s reduced) . 

Th e tempora l  informatio n i n th e discours e 
contex t  clearl y mediate d th e magnitud e o f  th e garden -
pat h fo r  sentence s wit h reduce d relative  clauses .  I n 
pas t  contexts ,  th e (ambiguous )  reduce d relativ e 
clause s too k longe r  t o read  tha n th e (unambiguous ) 
unreduce d relativ e clauses .  Suc h a  resul t  indicate s 
tha t  reader s initiall y  interprete d th e first  vert )  a s a  pas t 
tens e ver b i n a  mai n clause .  Th e subsequen t  "by -
phrase "  signalle d tha t  th e segmen t  wa s i n fac t  a 
relative  clause ,  requiring  a  reanalysis .  However ,  i n 
th e futur e contexts ,  reduce d relative s too k onl y 
slightl y longe r  t o rea d tha n th e unreduce d relatives . 

A )  Tota l  readin g time s 

1000 

900 -

I  800 H 

S 700 H 

|>600 -

(^ 500H 

400 -

Past  Contexts : 
—A;—Reduced 

^A ~  Unreduce d 

Futur e Contexts : 
educed 

— - n — Unreduce d 

300' 

300 

1 1  1 
The studen t  spotte d b y th e procto r  wil l  receiv e 

receive d a 
Regio n 

B) Total reading time differences 

(Reduce d minu s Unreduced ) 

250 -

200 -

E 
. S 

o 

••a 
I  10 0 
•a 
00 so -

il ) 

-50 

Past  contex t 

Futur e contex t 

The studen t  spotte d b y th e procto r  wil l  receiv e 
receive d a 

Regio n 

F I G U R E 1 :  Tota l  readin g time s an d tota l  readin g 
tim e differences . 
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An analysi s o f  varianc e wa s conducte d o n th e dat a 
at  eac h scorin g region .  A t  th e initia l  nou n phras e 
region ,  ther e wer e n o reliabl e effect s o r  interactions . 
At  th e relativ e claus e region ,  however ,  ther e wa s a 

clea r  interactio n betwee n th e typ e o f  claus e (reduce d 
and unreduced )  an d th e typ e o f  contex t  (futur e o r  past) , 
F i ( 1 . 1 6 ) = 1 0 . 8 7 ,  M S e = 2 2 1 0 2 .  p < 0 . 0 1 ; 

F2(1.12)=4.88 ,  M S e = 3 1 0 9 8 ,  p<0.05 .  I n pas t 

context s (triangles) ,  subject s spen t  mor e tim e readin g 
th e reduce d relativ e clause s a s compare d t o unreduce d 
relative s (Fi(l,16)=48.11 ,  M S e = 1 6 3 1 2 ,  p<0.01 ; 

F2(  1,12) = 10.40 ,  M S e = 5 7 4 0 5 ,  p<0.01) .  I n futur e 

context s (squares) ,  subject s too k onl y slightl y longe r 
t o read  th e reduce d relative s a s compare d t o unreduce d 
relatives ,  an d th e differenc e wa s no t  reliable , 
Fi(l,16)=1.64,F2(l,12)=1.46) .  Finally ,  a t  th e ver b 

phras e region ,  ther e wa s a n effec t  o f  relativ e claus e 

type ,  Fi( l ,16)=24.14 ,  M S e = 5 7 5 9 ,  p<0.01 ; 

F2(l,12)=5.07 ,  MSe=17015 ,  p<0.05 . 

Firs t  a n d Secon d pas s readin g time s 

Total reading times do not differentiate between initial 
processin g an d secondar y processin g (re-reads) .  T o 
investigat e bette r  th e tim e cours e o f  thes e effects , 
tota l  readin g time s wer e separate d int o first  pas s an d 

secon d pas s readin g times .  Firs t  pas s readin g time s 

wer e obtaine d b y summin g th e duration s o f  al l  left-to -
righ t  fixation s i n a  regio n plu s an y regression s mad e 
t o othe r  point s withi n tha t  region .  W h e n th e reade r 
made a n ey e movemen t  ou t  o f  a  regio n (eithe r  a 
regressiv e ey e movemen t  t o a  prio r  regio n o r  a 
forwar d movemen t  t o a  followin g region) ,  first  pas s 
readin g wa s considere d complet e fo r  tha t  region . 
Secon d pas s readin g time s includ e al l  re-reading s o f  a 
region .  I t  i s  common l y believe d tha t  firs t  pas s 
readin g time s reflec t  th e processe s associate d wit h 
derivin g a n initia l  interpretatio n o f  a  regio n wherea s 
larg e secon d pas s readin g time s reflec t  reanalyse s 
cause d b y arrivin g a t  a n incorrec t  initia l 
interpretation . 

The differenc e i n readin g time s betwee n th e 
reduce d an d unreduce d relativ e clause s fo r  firs t  an d 
secon d pas s reading s ar e show n i n Figure s 2 a an d 2 b 
respectively .  Bot h th e first  an d secon d pas s dat a sho w 
th e sam e patter n a s th e tota l  readin g times .  Ther e 
wer e larg e difference s i n readin g time s betwee n th e 
reduce d an d unreduce d relativ e clause s i n th e pas t 
contexts ,  an d onl y smal l  unreliabl e difference s i n th e 
futur e contexts .  Moreover ,  al l  o f  th e effect s an d 
interaction s a t  th e relativ e claus e regio n tha t  wer e 
significan t  i n th e tota l  readin g time s wer e als o 
reliabl e i n th e firs t  pas s (p<0.05) .  Suc h a  resul t 
indicate s tha t  tempora l  informatio n influence d 
ambiguit y resolutio n earl y o n i n processing . 

A )  Firs t  pas s readin g t im e difference s 

(T^educe d m i n u s U n r e d u c e d ) 

E 150 -

100 -

120 

The studen t  spotte d b y th e procto r  wil l  receiv e 
receive d a 

Regio n 
B) Second pass reading time difference; 

(Reduce d minu s Unreduced ) 

g lOo H 
E 
.S 

i 60 
•• 3 
<0 

00 
. s 
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Oi 
20-

0 

Past  contex t 

Futur e contex t 

The studen t spotte d b y th e procto r  wil l  receiv e 
receive d a 

Regio n 

F I G U RE 2 :  Firs t  pas s an d secon d pas s readin g tim e 
differences . 

Dividin g u p th e relativ e claus e regio n 

Finally, additional analyses were conducted in which 
th e relativ e claus e scorin g regio n wa s divide d int o tw o 
smalle r  region s ("spotte d by "  an d "th e proctor") . 
Suc h a  divisio n provide s a  breakdow n o f  relativ e 
claus e processin g int o earl y an d lat e processin g o f  th e 
clause .  Figur e 3 a an d 3 b presen t  readin g tim e 
difference s betwee n reduce d an d unreduce d relativ e 
clause s fo r  bot h tota l  an d first  pas s readin g times .  I n 
th e first  hal f  o f  th e relativ e clause ,  reduce d relative s 
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ar e mor e difficul t  tha n unreduced ,  regardles s o f 
tempora l  context ,  i n bot h th e tota l  readin g time s 
(F i (1 .16)=21.92 .  M S e = 1 3 4 5 9 .  p<0.01 ; 

F2(1.12)=8.52 ,  MSe=24855 .  p<0.05 )  an d th e firs t 

pas s readin g time s (Fi(l,16)=5.13 ,  M S e = 5 2 1 7 , 

p<0.05 ;  F2(1.12)=3.68 .  MSe=24990 .  p<0.1) .  I n th e 

secon d hal f  o f  th e relativ e clause ,  a n interactio n 
betwee n claus e typ e an d contex t  typ e occur s i n th e 
tota l  readin g time s (Fi(1.16)=15.16 .  M S e = 7 1 2 8 , 

p<0.01 :  F2(1.12)=5.59 .  MSe=11582 .  p<0.05 )  an d 

th e firs t  pas s readin g time s (Fi( l  ,16)=5.11 , 

M S e = 4 1 0 9.  p<0.05 :  F2(l,12)=3.68 ,  M S e = 4 4 9 1 . 

fKO.l) .  Thus ,  i n bot h first  pas s an d tota l  readin g 
times ,  w e se e a  reductio n i n processin g difficult y i n 
th e secon d hal f  o f  reduced  relative s whe n th e tempora l 
contex t  i s  i n th e future .  Suc h result s sugges t  tha t 
reader s d o hav e som e eari y processin g difficultie s wit h 
reduce d relativ e clause s i n futur e contexts ,  bu t  tha t  th e 
tempora l  constraint s o f  th e discours e rapidl y eliminat e 
thes e problems . 

General Discussion 

In this paper, recent work on tense and discourse was 
combine d wit h basi c incrementa l  assumption s abou t 
sentenc e processin g t o predic t  tha t  th e processin g of 
reduce d relative  clause s woul d b e affecte d b y th e tens e 
of  th e precedin g discourse .  Thi s predictio n wa s 
confirmed .  Reader s onl y showe d evidenc e o f  a 
consisten t  misanalysi s of  reduce d relativ e clause s 
when th e contex t  permitte d th e introductio n of  a  ne w 
pas t  even t  (pas t  contexts) .  Conversely ,  reader s 
showe d littl e evidenc e o f  a  misanalysi s whe n contex t 
made th e introductio n of  a  ne w pas t  even t  difficul t 
(futur e contexts) .  Suc h results  indicat e tha t  readers 
rapidl y consul t  th e tempora l  contex t  o f  th e discours e 
t o interpre t  th e tens e of  a  verb . 

The onl y indicatio n o f  a  misanalysi s i n th e futur e 
context s come s fro m smal l  elevation s foun d i n th e 
first  hal f  o f  th e relative  clause .  Thes e elevation s ma y 
be du e t o conflictin g loca l  lexica l  an d syntacti c 
constraint s supportin g a  mai n claus e interpretation . 
I t  i s  likel y tha t  th e comprehensio n syste m i s 
sensitiv e t o th e fac t  tha t  mos t  sentence s beginnin g 
wit h a  nou n phras e followe d b y a  ver b ar e mai n 
claus e activ e sentence s (Sever ,  1970) .  Moreover ,  th e 
semanti c informatio n o f  th e hea d nou n phras e 
support s a  mai n claus e interpretatio n (e.g. ,  "student " 
i s a n animat e objec t  an d a  likel y Agen t  of  "spotted" ) 
(Trueswell ,  Tanenhau s &  Gamsey ,  1992) .  I t  i s 
possibl e tha t  discours e constraint s canno t 
immediatel y "veto "  thes e cues ,  bu t  rathe r  th e 
tempora l  constraint s fro m th e discours e ca n onl y 
combin e rapidl y wit h thes e othe r  constraint s t o arriv e 
quickl y a t  a  relativ e claus e interpretatio n (e.g. ,  vi a 
constrain t  satisfaction) .  I n addition ,  som e o f  thi s 
smal l  effec t  m a y b e du e t o som e localize d complexit y 

A )  Tota l  readin g tim e difference s 

withi n th e relativ e claus e 

^ 

50 

spotte d b y th e procto r 

Regio n 

B) First pass reading time differences 

withi n th e relativ e claus e 

. s 
u 
o 2 5 

•a 

-25 

Past  contex t 

Future context 

spotte d b y th e procto r 

Regio n 

F I G U RE 3 :  Difference s i n readin g time s withi n th e 
relativ e claus e for :  a. )  tota l  readin g times ,  an d b. )  firs t 
pas s readin g times . 

difference between reduced and unreduced relatives, 
unrelate d t o ambiguity .  Suc h a n accoun t  ha s bee n 
offere d elsewher e (Trueswell .  Tanenhau s an d Gamsey , 
1992 ;  Trueswel l  an d Tanenhaus ,  1991 ;  Perlmutte r  an d 
MacDonald ,  1991) .  Thes e complexit y difference s 
coul d b e factore d ou t  b y usin g morphologicall y 
unambiguou s verb s a s th e base-lin e contro l  (e.g. , 
"Th e studen t  see n b y th e proctor") . 

The presen t  results ,  an d thos e o f  Trueswel l  an d 
Tanenhau s (1991) ,  demonstrat e tha t  reader s establis h 
tempora l  relation s betwee n a n even t  bein g introduce d 
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i n a  sentenc e an d event s alread y establishe d i n th e 
contex t  b y makin g us e o f  tens e an d tempora l 
parameter s suc h a s tim e o f  referenc e an d tim e o f 
speech .  A n importan t  questio n fo r  futur e researc h 
wil l  b e t o determin e th e exten t  t o whic h othe r  type s 
of  tempora l  informatio n i n th e discours e mode l 
influenc e immediat e sentenc e processing .  I t  i s 
possibl e tha t  onl y tempora l  parameter s suc h a s tim e 
of  referenc e an d tim e o f  speec h ar e consulte d whe n a 
tens e marke d ver b i s  encountered .  Alternatively , 
reader s ma y attemp t  mor e detaile d updatin g i n whic h 
th e even t  denote d b y a  vei b i s relate d t o othe r  relevan t 
event s i n th e discourse .  I f  thi s  i s th e case ,  real-worl d 
knowledg e abou t  determinin g th e tempora l  an d causa l 
relation s betwee n event s migh t  als o b e consulte d 
durin g immediat e sentenc e processing .  A  likel y 
candidat e woul d b e informatio n abou t  th e plausibl e 
antecedent s an d consequence s o f  a n even t  (cf .  Moen s 
& Steedman ,  1988) . 
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