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Abstrac t 

It is commonly assumed that as a spoken linguistic 
message unfold s ove r  time ,  i t  i s  initiall y  processe d b y 
module s tha t  ar e encapsulate d fro m informatio n provide d 
by othe r  perceptua l  an d cognitiv e systems .  W e wer e abl e 
t o observ e th e effect s o f  relevan t  visua l  contex t  o n th e 
rapi d menta l  processe s tha t  accompan y spoke n languag e 
comprehensio n b y recordin g ey e movement s usin g a 
head-mounte d eye-trackin g syste m whil e subject s 
followe d instruction s t o manipulat e rea l  objects .  Unde r 
condition s tha t  approximat e a n ordinar y languag e 
environment ,  incorporatin g goal-directe d action ,  th e 
visua l  contex t  influence d spoke n wor d recognitio n an d 
mediate d syntacti c processing ,  eve n durin g th e earlies t 
moments o f  languag e processing . 

Introduction 

It is often claimed that early stages of language 
comprehensio n ar e comprise d o f  informationally -
encapsulaie d module s devote d t o processin g particula r  sub -
domain s o f  th e linguisti c inpu t  withou t  influenc e fro m othe r 
perceptua l  an d cognitiv e system s (e.g. ,  Ferreir a &  Chfton , 
1986 ;  Fodor ,  1983) .  I n contrast ,  constraint-base d 
approache s assum e tha t  "correlate d constraints "  fro m 
variou s informatio n source s ar e immediatel y integrate d 
durin g th e processin g o f  linguisti c inpu t  (MacDonald , 
Pearhnutte r  &  Seidenberg ,  1994 ;  McClelland ,  1987 ;  Spivey -
Knowlto n &  Sedivy ,  i n press ;  Tanenhau s &  Trueswell ,  i n 
press) .  Th e temporar y ambiguitie s tha t  aris e becaus e 
languag e unfold s ove r  tim e hav e provide d th e primar y 
empirica l  testin g groun d fo r  evaluatin g thes e contrastin g 
theoretica l  perspectives ,  wit h th e stronges t  evidenc e fo r 
informatio n encapsulatio n comin g fro m studie s i n whic h 
potentiall y  relevan t  constraint s tha t  ar e introduce d b y a  prio r 
linguisti c contex t  appea r  t o hav e delaye d effect s (cf .  Ferreir a 
& Clifton ,  1986 ;  Rayner ,  Garro d &  Perfetti ,  1992) . 
However ,  th e "context "  i n suc h studie s i s frequentl y rathe r 
impoverished ,  consistin g o f  a  fe w sentence s tha t  preced e th e 

targe t  sentence .  I n addition ,  th e subject' s tas k i s  ofte n 
vague ,  wit h n o well-define d behaviora l  goal .  Unde r  thes e 
conditions ,  th e contex t  m a y no t  b e perceive d a s relevan t  b y 
th e comprehender ,  an d eve n i f  i t  is ,  i t  mus t  b e store d i n 
memory,  thu s i t  m a y no t  b e immediatel y accessibl e whe n 
th e ambiguit y i s first  encountered .  Moreover ,  becaus e th e 
contex t  i s  introduce d linguistically ,  i t  i s  alway s possibl e t o 
preserv e modularit y b y expandin g th e scop e o f  th e linguisti c 
module . 

T h e researc h presente d her e explore s temporar y 
ambiguit y resolutio n durin g th e comprehensio n o f  spoke n 
languag e unde r  condition s i n which :  1 )  ther e i s a  stron g tes t 
of  modularit y becaus e th e contex t  come s fro m a  completel y 
differen t  perceptua l  modality :  vision ,  2 )  th e contex t  i s 
immediatel y relevan t  becaus e a n actio n mus t  b e carrie d ou t 
tha t  directl y relate s th e utteranc e t o th e context ,  an d 3 )  th e 
context ,  becaus e i t  i s visual ,  i s co-presen t  wit h th e Unguisti c 
input ,  an d thu s ca n b e interrogate d w h e n th e ambiguit y i s 
firs t  encountered .  W e m a k e us e o f  a n experimenta l 
paradig m w e hav e recentl y develope d i n whic h th e listene r 
follow s spoke n instruction s t o manipulat e rea l  object s i n a 
display ,  whil e w e recor d thei r  ey e movement s t o thos e 
objects ,  time-locke d wit h correspondin g referent s i n th e 
spoke n instructio n -  al l  unde r  condition s tha t  approximat e 
an ordinar y languag e environmen t  (Spivey-Knowlton , 
Sedivy ,  Eberhar d &  Tanenhaus ,  1994 ;  Tanenhaus ,  Spivey -
Knowlton ,  Eberhar d &  Sedivy ,  i n pres s a ,  i n pres s b) .  Wit h 
thi s methodology ,  w e ar e abl e t o observ e th e effect s o f 
visua l  contex t  o n earl y moment s o f  comprehension ,  an d ta p 
int o partia l  incrementa l  interpretation s tha t  ar e ofte n 
observabl e onl y i n eye-movemen t  pattern s (no t  i n han d 
m o v e m e n t s o r  subjects '  intuitions) .  W e describ e 
experiment s o n ambiguit y resolutio n withi n individua l 
word s (Experimen t  1 )  an d acros s syntacti c relationship s 
(Experimen t  2 ) ,  tha t  revea l  earl y commi tmen t s t o 
interpretation s base d o n partia l  input ,  an d immediat e 
integratio n o f  relevan t  visua l  informatio n wit h linguisti c 
informatio n i n bot h wor d recognitio n an d syntacti c parsing . 
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M e t h o d 

Before reaching for an object, people typically move their 
eye s t o fixat e i t  (Ballard ,  Hayho e &  Pelz ,  i n press ; 
Epelboim ,  CoUewijn ,  Kowler ,  Erkelens ,  Edwards ,  Pizlo ,  & 
Steinman ,  1994) .  Thus ,  whe n w e instruc t  a  subjec t  t o "pic k 
up th e candle, "  sh e make s a  saccadi c ey e movemen t  t o th e 
candle ,  an d ou r  methodolog y allow s u s t o measur e th e tim e 
elapse d fro m th e beginnin g o f  th e wor d "candle "  t o th e 
initiatio n o f  th e saccade ,  a s wel l  a s recor d an y intermediat e 
fixation s t o othe r  objects .  Ey e movement s ar e especiall y 
informativ e abou t  earl y moment s o f  processin g becaus e 
saccade s ar e relativel y automati c (devoi d o f  strategi c 
influences )  an d almos t  entirel y ballistic .  Thus ,  a n initia l 
misinterpretatio n o f  th e spoke n input ,  fro m whic h th e 
listene r  rapidl y recovers ,  i s  stil l  observabl e a s a  brie f 
fixatio n o f  th e "incorrect "  object . 

Ey e movement s wer e monitore d b y a n Applie d 
Scientifi c  Laboratorie s (ASL )  eyetracke r  mounte d o n to p o f 
a lightweigh t  helmet .  Th e camer a provide s a n infrare d 
imag e o f  th e ey e a t  60Hz .  Th e cente r  o f  th e pupi l  an d th e 
cornea l  reflectio n ar e tracke d t o determin e th e orbi t  o f  th e 
ey e relativ e t o th e head .  A  scen e camera,  mounte d o n th e 
sid e o f  th e helmet ,  provide s a n imag e o f  th e subject' s field 
of  view .  Gaz e positio n (indicate d b y crosshairs )  i s 
superimix)se d ove r  th e scen e camer a imag e an d recorde d 
ont o a  Hi 8 V C R wit h frame-by-fram e playback .  Accurac y 
of  th e gaz e positio n recor d i s abou t  a  degre e ove r  a  rang e o f 
+/ -  2 0 deg .  Th e vide o recor d wa s coordinate d wit h th e 
audi o recor d fo r  al l  dat a analysis . 

Subject s wer e seate d a t  arm' s lengt h fro m a  3 '  b y 3 ' 
tabl e workspac e tha t  wa s divide d int o 2 5 square s (se e Figur e 
1) ,  an d wer e give n spoke n instruction s t o mov e everyda y 
object s around .  A  blac k cros s i n th e cente r  squar e serve d a s 
a neutra l  fixatio n point ,  wher e th e subject' s gaz e wa s 
directe d a t  th e onse t  o f  a n instructio n set .  N o mor e tha n on e 
objec t  wa s place d i n an y square ,  s o tha t  nois e i n th e gaz e 
positio n signa l  wa s neve r  enoug h t o mistak e a  fixatio n o f 
one objec t  fo r  another .  Th e majorit y o f  instruction s di d no t 
involv e th e experimentall y relevan t  objects . 

Experiment 1: Ambiguity Within Words 

Background 

In a classic set of experiments, Marslen-Wilson and 
colleague s demonstrate d that ,  t o a  firs t  approximation , 
recognitio n o f  a  wor d occur s shortl y afte r  th e auditor y inpu t 
uniquel y specifie s a  lexica l  candidate .  Fo r  polysyllabi c 
words ,  thi s i s ofte n prio r  t o th e en d o f  th e word .  Fo r 
example ,  th e wor d "elephant "  woul d b e recognize d shortl y 
afte r  th e "phoneme "  HI .  Prio r  t o that ,  th e auditor y inpu t 
woul d b e consisten t  wit h th e beginning s o f  severa l  words , 
includin g "elephant" ,  "elegant" ,  "eloquent "  an d "elevator" . 
Thus ,  recognitio n o f  a  spoke n wor d i s strongl y influence d 
by th e word s tha t  i t  i s  phoneticall y simila r  to ,  especiall y 
thos e word s tha t  shar e initia l  phonemes .  Marslen-Wilso n 
referre d t o th e se t  o f  lexica l  candidate s tha t  i s activate d i n 
th e sam e phoneti c environmen t  a s a  cohor t  (fo r  review ,  se e 
Marslen-Wilson ,  1987) . 

Evidenc e fro m severa l  experimenta l  paradigm s 
indicate s tha t  thes e candidate s ar e partiall y  activate d a s a 
wor d i s bein g processed .  Fo r  example ,  cross-moda l  lexica l 
primin g experiment s demonstrat e tha t  semanti c informatio n 
associate d wit h cohor t  member s i s temporaril y  activate d a s a 
wor d unfolds .  Th e prio r  contex t  o f  th e utteranc e an d 
subsequen t  inpu t  provid e evidenc e tha t  i s use d t o evaluat e 
th e competin g alternatives .  Whil e curren t  model s diffe r  i n 
ho w the y accoun t  fo r  thes e data ,  nearl y al l  model s 
incorporat e th e ide a tha t  th e tim e i t  take s t o recogniz e a 
wor d depend s o n a  se t  o f  potentia l  lexica l  candidates .  (Se e 
Cutler ,  i n press ,  fo r  a  recen t  review. ) 

Thi s experimen t  ha d tw o goals .  Th e firs t  goa l  wa s t o 
determin e ho w closel y time-locke d ey e movement s t o a 
targe t  objec t  woul d b e t o th e nam e o f  th e objec t  i n a  spoke n 
instruction .  Th e secon d goa l  wa s t o determin e whethe r  th e 
presenc e o f  a  "competitor "  objec t  wit h a  simila r  nam e woul d 
influenc e eye-movemen t  latencie s t o th e referred-t o object . 
A visually-mediate d "cohor t  competitor "  effec t  woul d 
provid e stron g evidenc e tha t  lexically-base d informatio n 
associate d wit h multipl e lexica l  candidate s i s partiall y 
activate d durin g spoke n wor d recognition .  I n addition ,  i t 
woul d demonstrat e tha t  relevan t  visua l  contex t  affect s eve n 
th e earhes t  moment s o f  languag e processing . 

Procedure 

Eight naive subjects participated in this experiment. They 
wer e give n instruction s t o pic k u p a n objec t  an d the n pu t  i t 
i n th e squar e abov e o r  belo w anothe r  object .  A  sampl e 
instructio n se t  i s give n below: 

(1 ) Loo k a t  th e cross . 
Pic k u p th e candle . 
N ow hol d i t  ove r  th e cross . 
N ow pu t  i t  abov e th e mouse . 

3' 

3' 

lio n 

cand y 

mouse 

pi n 

cushio n 

for k 

+ 

hammer 

candl e 

box 

Figur e 1 .  Exampl e displa y i n whic h bot h member s o f  th e 

cohor t  pai r  ar e presen t  i n th e workspace .  (Th e word s i n thi s 
figur e indicat e location s o f  actua l  object s o n th e table. ) 
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We use d fou r  pair s o f  object s wit h name s tha t  wer e 
phoneticall y simila r  unti l  lat e i n th e word :  candy/candle , 
car/carton ,  penny/pencil ,  an d doll/dolphin .  Eac h critica l 
objec t  appeare d wit h it s "cohor t  competitor "  o n som e trial s 
and wit h onl y distracto r  object s o n othe r  trials .  Itac h subjec t 
was expose d t o tw o o f  th e fou r  cohor t  pairs .  Fo r 
instruction s involvin g cohor t  members ,  th e object s wer e 
alway s i n on e o f  th e centra l  eigh t  square s (excludin g th e 
squar e wit h th e cross) . 

Figur e 1  show s th e workspac e a t  th e beginnin g o f  th e 
instructio n se t  give n i n exampl e 1 .  Th e instruction s an d th e 
position s o f  th e object s wer e varie d t o preven t  strategies .  I n 
particular ,  w e avoide d creatin g an y contingencie s tha t  woul d 
hav e resulte d i n predictabl e instructions . 

Results 

On all of the critical trials, the movement of the hand to pick 
up th e targe t  objec t  wa s precede d b y a  saccad e t o tha t 
object .  O n 3 3 % o f  th e trials ,  fixatio n o f  th e referred-t o 
objec t  wa s precede d b y a  saccad e launche d t o a n "incorrect " 
object .  Fo r  uial s withou t  suc h "fals e launches" ,  th e mea n 
saccad e latenc y fo r  th e "pick-up "  instructio n wa s 487m s 
fro m th e onse t  o f  th e targe t  wor d (e.g. ,  "candle") .  Saccad e 
latencie s wer e reliabl y longe r  whe n th e displa y containe d a 
"cohor t  competitor "  (53 0 ms )  tha n whe n i t  di d no t  (44 5 ms) ; 
F(l,7)=9.27 ,  p<.02 .  Th e averag e duratio n o f  a  targe t  wor d 
was 3(X)ms .  I f  w e assum e tha t  th e interva l  betwee n th e 
onse t  o f  programmin g a  saccad e an d th e initiatio n o f  th e 
saccad e i s abou t  200m s (Matin ,  Sha o &  Boff ,  1993) ,  the n 
we ca n estimat e tha t  th e programmin g o f  a  saccad e t o th e 
targe t  objec t  bega n a n averag e o f  55m s befor e th e en d o f  th e 
wor d i n th e competitor-absen t  condition . 

Mor e fals e launche s wer e mad e whe n a  competito r  wa s 
presen t  tha n whe n i t  wa s absent ,  bu t  thi s differenc e wa s no t 
reliabl e ( 3 7 % compare d t o 2 9 % ) .  O f  th e fals e launche s i n 
th e competitor-presen t  condition ,  6 1 % wer e t o th e 
competito r  object .  I n contrast ,  i n th e competitor-absen t 
condition ,  onl y 2 5 % o f  th e fals e launche s wer e t o th e objec t 
tha t  occupie d th e sam e squar e a s th e competito r  objec t  i n it s 
correspondin g competitor-presen t  display .  Thi s differenc e 
was reliabl e i n a n analysi s fo r  si x subjects ;  F(l,5)=14.90 , 
p<.02 .  (Tw o subject s di d no t  mak e an y fals e launche s i n th e 
competitor-absen t  conditio n an d thu s wer e exclude d fro m 
th e analysis. ) 

Discussion 

Three critical results emerged from this experiment. First, 
eye movement s t o th e targe t  objec t  wer e closel y time-locke d 
t o th e linguisti c expressio n tha t  referre d t o tha t  object . 
Thus ,  th e ey e movement s provid e a n informativ e measur e o f 
ongoin g comprehension .  Second ,  th e latenc y wit h whic h 
th e saccade s t o th e targe t  objec t  wer e launche d provide s 
clea r  evidenc e tha t  activatio n o f  lexica l  representation s 
begin s befor e th e en d o f  a  word .  Th e hig h rat e o f  fals e 
launche s t o competitor s lend s furthe r  suppor t  t o th e ide a tha t 
multipl e lexica l  candidate s ar e activate d earl y o n i n 
recognition .  Third ,  th e name s o f  th e possibl e referent s i n 
th e visua l  contex t  clearl y influence d th e spee d wit h whic h a 
referen t  i n th e speec h strea m wa s identified .  Thi s 

demonstrate s tha t  th e instructio n wa s interprete d 
incrementally ,  takin g int o accoun t  th e se t  o f  relevan t  object s 
presen t  i n th e visua l  workspace . 

Experiment 2: Ambiguity In Syntax 

Background 

Clearly, the place where the modularity hypothesis has 
foun d th e mos t  purchas e i s i n th e real m o f  syntacti c 
processin g (cf. ,  Ferreir a &  Clifton ,  1986) .  Th e stronges t 
evidenc e fo r  th e modularit y o f  syntacti c processin g ha s 
come fro m studie s usin g sentence s wit h brie f  syntacti c 
ambiguitie s i n whic h reader s hav e clea r  preference s fo r 
particula r  interpretation s tha t  persis t  momentaril y  eve n whe n 
precedin g linguisti c contex t  support s th e alternativ e 
interpretatio n (e.g. ,  Britt ,  1994 ;  Ferreir a &  Clifton ,  1986) . 
I n thi s typ e o f  experiment ,  th e contex t  i s  typicall y comfHise d 
of  a  fe w sentence s precedin g th e targe t  sentence .  However , 
when th e contex t  i s  a  visua l  displa y tha t  i s  immediatel y 
relevan t  t o th e linguisti c inpu t  (becaus e a n actio n i s 
expected) ,  an d storin g th e contex t  i n memor y i s unnecessar y 
(becaus e th e visua l  contex t  i s  co-presen t  wit h th e spoke n 
input) ,  syntacti c parsin g ma y indee d sho w immediat e effect s 
of  context .  I f  so ,  thi s woul d provid e definitiv e evidenc e 
agains t  th e encapsulatio n o f  syntacti c parsing . 

Procedure 

We used instructions containing the temporary syntactic 
ambiguit y wit h perhap s th e stronges t  syntacti c preferenc e i n 
EngUsh,  a s illustrate d b y th e example s i n (2) . 

(2) a. Put the saltshaker on the envelope in the bowl. 
b.  Pu t  th e saltshake r  that' s o n th e envelop e i n th e bowl . 

In sentence (2a), the first prepositional phrase (PP), "on the 
envelope" ,  i s  ambiguou s a s t o whethe r  i t  modifie s th e nou n 
phras e ("th e saltshaker" )  diu s specifyin g th e Locatio n o f  th e 
objec t  t o b e picke d up ,  o r  whethe r  i t  denote s th e Goa l  o f  th e 
event ,  i.e .  wher e th e saltshake r  i s t o b e put .  A s the y ar e 
processin g thi s sentence ,  reader s an d listener s initiall y 
interpre t  th e firs t  prepositiona l  phras e a s specifyin g th e 
Goal ,  resultin g i n momentar y confusio n whe n the y 
encounte r  th e secon d prepositio n ("in") .  I n exampl e (2b )  th e 
wor d "that's "  disambiguate s th e phras e a s a  modifier , 
servin g a s a n unambiguou s contro l  condition . 

Si x naiv e subject s wer e presente d wit h si x instance s o f 
eac h typ e o f  instructio n (ambiguou s an d unambiguous ) 
illustrate d i n exampl e 2 ,  wit h a  one-referen t  visua l  contex t 

tha t  supporte d th e Goa l  interpretatio n o r  a  two-referen t 

contex t  tha t  supporte d th e Location-base d modificatio n 
interpretation .  I n th e one-referen t  contex t  fo r  thi s example , 

th e workspac e containe d a n saltshake r  o n a  envelope , 
anothe r  envelope ,  a  bowl ,  an d a n apple .  Upo n hearin g th e 
phras e "th e saltshaker" ,  subject s ca n immediatel y identif y 
th e objec t  t o b e move d becaus e ther e i s onl y on e saltshake r 
and thu s the y ar e likel y t o assum e tha t  "o n th e envelope "  i s 
specifyin g th e Goa l  o f  th e puttin g event .  I n th e two-referen t 

context ,  however ,  th e appl e wa s replace d b y a  secon d 
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saltshake r  whic h wa s o n a  napkin .  Thus ,  "th e saltshaker" , 
coul d refe r  t o eithe r  o f  th e tw o saltshaker s an d th e phras e 
"o n th e envelope "  provide s modifyin g informatio n tha t 
specifie s whic h saltshake r  i s th e correc t  referent . 

Results 

Strikingly different fixation patterns between the two visual 
context s reveale d tha t  th e ambiguou s phras e "o n th e 
envelope "  wa s initiall y  interprete d a s a  Goa l  i n th e one -
referen t  context ,  bu t  a s a  modifie r  i n th e two-referen t 
context .  I n th e one-referen t  context ,  subject s looke d a t  th e 
incorrec t  Goa l  (e.g. ,  th e irrelevan t  envelope )  o n 5 5 % o f  th e 
trial s shortl y afte r  hearin g th e ambiguou s PP ,  wherea s the y 
neve r  looke d a t  i t  durin g th e unambiguou s instruction ; 
t(5)=4.11 ,  p<.01 .  I n contrast ,  whe n th e contex t  containe d 
tw o possibl e referents ,  subject s rarel y looke d a t  th e incorrec t 

Goal  ( 1 7 % o f  th e trials) ,  an d ther e wa s n o differenc e 
betwee n th e ambiguou s an d unambiguou s instructions .  Th e 
statistica l  interactio n betwee n Contex t  an d Ambiguit y wa s 
reliable;  F(l,5)=8.24,p<.05 . 

Figure s 2  an d 3  sununariz e th e mos t  typica l  sequence s 
of  ey e movement s i n th e ambiguou s an d unambiguou s 
instruction s fo r  th e one-referen t  an d th e two-referen t 
contexts .  I n th e one-referen t  contex t  (Figur e 2) ,  subject s 
first  looke d a t  th e targe t  objec t  (th e saltshaker )  500m s afte r 
hearin g "saltshaker" ,  the n looke d a t  th e incorrec t  Goa l  (th e 
rightmos t  envelope )  4 8 4 m s afte r  hearin g "envelope" .  I n 
contrast ,  wit h th e unambiguou s instruction ,  th e first  loo k t o 
a Goa l  di d no t  occu r  unti l  471m s afte r  th e subjec t  hear d th e 
wor d "bowl" .  Exampl e 3  indicate s th e ̂ proximat e timin g 
of  saccade s wit h th e speec h strea m vi a subscripte d indice s 
of  th e ey e movement s i n Figur e 2 . 

v "  ^ . 

v : 

Figur e 2 .  Typica l  sequenc e o f  ey e movement s i n th e one-referen t  contex t  fo r  th e ambiguou s an d unambiguou s 

instructions .  Dashe d arrow s sho w th e intermediat e saccade s t o th e incorrec t  Goa l  an d bac k t o th e referen t  objec t  tha t 
occu r  onl y i n th e ambiguou s instruction .  (Se e example s 3 a an d 3 b fo r  th e tempora l  relationshi p betwee n ey e 
movement s an d word s i n th e speec h stream. ) 

(3 )  a.Pu t  th e saltshake r  o n the i  envelop e in 2 th e bowl. 3 4 

b.Pu t  th e saltshake r  that' s io n th e envelop e i n th e bowl. 4 

In the two-referent context, subjects often looked at 
bot h saltshakers ,  reflectin g th e fac t  tha t  th e referen t  o f  "th e 
saltshaker "  wa s temporaril y  ambiguous .  Subject s looke d a t 
th e incorrec t  objec t  o n 4 2 % o f  th e unambiguou s trial s an d 
on 6 1 % o f  th e ambiguou s trials .  I n contrast ,  i n th e one -
referen t  context ,  subject s rarel y looke d a t  th e incorrec t 
objec t  ( 0 % an d 6 % o f  th e trial s fo r  th e ambiguou s an d 
unambiguou s instructions ,  respectively) .  Th e three-wa y 

interactio n a m o n g Context ,  Ambiguity ,  an d Typ e o f 
Incorrec t  Ey e movemen t  (objec t  vs .  Goal )  reveale d th e bia s 
towar d a  Goa l  interpretatio n i n th e one-referen t  contex t  an d 
towar d a  Location-base d modificatio n interpretatio n i n th e 
two-referen t  context ;  F(l,5)=18.41 ,  p<.01 . 

I n th e two-referen t  context ,  th e timin g o f  ey e 
movement s relativ e t o th e speec h strea m wa s nearl y 
identica l  fo r  ambiguou s an d unambiguou s instructions .  Thi s 
indicate s tha t  subject s wer e interpretin g th e P P ("o n th e 
envelope" )  a s a n NP-modifie r  (instea d o f  a s a  Goal )  equall y 
quickl y i n bot h ambiguou s an d unambiguou s instructions . 
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Figur e 3 .  Typica l  sequenc e o f  ey e movement s i n th e two-referen t  context .  Not e that ,  i n thi s context ,  th e eye -

movement  patter n di d no t  diffe r  fo r  th e ambiguou s an d unambiguou s instructions .  (Se e subscripte d indice s i n 
example s 4 a an d 4 b fo r  th e tempora l  relationshi p betwee n ey e movement s an d word s i n th e sp)eec h stream. ) 

(4)a.Pu t  th e saltshake r  o n the i  envelop e 2i n th e bowl. 3 

b.Pu t  th e saltshake r  that' s io n th e envelop e 2i n th e bowl. 3 

I n additio n t o examinin g th e effect s o f  one -  versu s two -
referen t  context s o n syntacti c processing ,  w e examine d th e 
effect s o f  a  "three-and-one "  referen t  context ,  i.e. ,  instea d o f 
havin g on e additiona l  referent ,  ther e wer e thre e additiona l 
referents .  So ,  i n plac e o f  th e saltshake r  o n a  napki n i n 
Figur e 3 ,  ther e wer e thre e saltshaker s i n tha t  square .  W e 
di d thi s t o examin e whethe r  th e presuppositio n o f 
uniquenes s associate d wit h th e definit e determine r  th e (cf . 
Heim ,  1982 )  i n "Pu t  th e saltshaker "  woul d bia s th e subjec t 
towar d th e lon e saltshake r  (o n th e envelope) .  Indeed ,  suc h a 
bia s wa s observe d i n saccad e latencie s t o th e targe t 
saltshaker ,  whic h resemble d thos e o f  th e one-referen t 
context .  Thi s i s becaus e subject s rarel y looke d a t  th e thre e 
saltshakers .  However ,  unlik e th e one-referen t  condition ,  th e 
ambiguou s P P "o n th e envelope "  wa s stil l  interprete d a s a 
modifie r  instea d o f  a  Goal .  Thi s i s see n i n th e eye -
movement  pattern ,  whic h resemble d th e two-referen t 
condition :  subject s rarel y looke d a t  th e incorrec t  Goal . 
Thus ,  wit h bot h ambiguou s an d unambiguou s instructions , 
thi s 3-and- l  referen t  contex t  elicite d a n overal l  eye -

movement  patter n an d timin g simila r  t o tha t  fo r  th e 
unambiguou s instructio n i n th e one-referen t  context . 

Discussio n 

It is clear from these results that the relevant aspects of the 
visua l  scen e influenc e eve n th e initia l  momen t s o f  syntacti c 
analysis .  W h e n a n objec t  referre d t o i n th e speec h strea m i s 
uniqu e i n th e visua l  input ,  furthe r  specificatio n o f  i t  i s 
deemed unnecessary ,  resultin g i n a  bia s towar d interpretin g 
an ambiguou s P P a s describin g th e even t  an d no t  th e object . 
I n contrast ,  th e visua l  presenc e o f  multipl e referent s (e.g. , 
tw o saltshakers )  biase s th e listene r  towar d interpretin g th e 
ambiguou s P P a s describin g whic h objec t  i s  bein g referre d 

to ,  instea d o f  wher e t o pu t  it }  Crucially ,  thi s effec t  o f 
visua l  contex t  i s  observe d a t  th e earlies t  measurabl e poin t  i n 
processing . 

General Discussion 

Our results demonstrate that, in natural contexts, people 
see k t o establis h referenc e wit h respec t  t o thei r  intende d 
action s durin g th e earlies t  moment s o f  linguisti c processing . 
Moreover ,  referentiall y  relevan t  non-linguisti c informatio n 
immediatel y affect s h o w th e linguisti c inpu t  i s initiall y 
structured .  Give n thes e results ,  approache s t o languag e 
comprehensio n tha t  assig n a  centra l  rol e t o encapsulate d 
linguisti c subsystem s ar e unlikel y t o prov e fruitful .  M o r e 

^  Grai n an d Steedma n (1985 )  develo p a  theor y o f  syntacti c 
ambiguit y resolutio n i n whic h referentia l  contex t  o f  thi s sor t 
(bu t  i n hnguisti c form )  play s a  centra l  role . 
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promisin g ar e theorie s i n whic h grammatica l  constraint s ar e 
integrate d int o processin g system s tha t  cotwdinat e linguisti c 
and non-linguisti c informatio n a s th e linguisti c inpu t  i s 
processe d (e.g. ,  MacDonal d e t  al. ,  1994 ;  McClelland ,  1987 ; 
Spivey-Knowlto n &  Sedivy ,  i n press ;  Tanenhau s & 
Trueswell ,  i n press) .  I n thi s view ,  eve n th e earlies t 
computation s o n languag e inpu t  ar e richl y contextualize d 
wit h respec t  t o accompanyin g plans ,  action s an d relevan t 
entitie s i n th e environmen t  (cf .  Clark ,  1992 ;  als o Carpente r 
& Alterman ,  1994) .  Thes e result s ar e especiall y relevan t  fo r 
th e growin g interes t  i n computationa l  approache s t o 
integratin g languag e an d visio n (cf .  McKevitt ,  1994) . 

Finally ,  ou r  result s sho w that ,  wit h well-define d tasks , 
ey e movement s ca n b e use d t o observ e th e rapi d menta l 
processe s tha t  underli e spoke n languag e comprehensio n 
durin g goal-directe d actio n i n natura l  contexts .  Thi s 
paradig m ca n naturall y b e extende d t o explor e question s o n 
topic s rangin g fro m spoke n wor d recognitio n t o 
conversationa l  interaction s durin g cooperativ e proble m 
solving . 
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