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L e x i c a l  A m b i g u i t y R e s o l u t i o n i n a  C o n s t r a i n t 

Satisfaction Network 

Michael E. J. Masson 

University of Victoria 

ABSTRACT 

Behavioral evidence supports the claim that in the absence of a strongly biasing context multiple 
meaning s o f  a n ambiguou s wor d ar e activated ,  particularl y whe n th e tw o meaning s occu r  wit h 
equal  frequency .  A  simpl e constrain t  satisfactio n system ,  base d o n a  Hopfiel d networ k an d 
incorporatin g a  distribute d memor y scheme ,  i s show n t o accoun t  fo r  result s fro m a  cros s moda l 
primin g paradig m typicall y interprete d a s evidenc e fo r  multipl e access .  Th e mode l  demonstrate s 
tha t  th e powe r  o f  a n ambiguou s wor d t o facilitat e identificatio n o f  target s relate d t o eithe r  o f  it s  tw o 

meaning s m a y b e produce d b y selectiv e activatio n o f  jus t  on e meaning .  Selectiv e activatio n i s 

drive n b y simultaneou s processin g o f  th e ambiguou s prim e an d th e associate d targe t  word ,  wit h 

th e unambiguou s targe t  determinin g th e appropriat e interpretatio n o f  th e prime .  Th e mode l  als o 

provide s th e basi s fo r  a  reinterpretatio n o f  a  numbe r  o f  othe r  empirica l  result s concernin g lexica l 

ambiguit y resolution . 

INTRODUCTION 

The identification of a word that has at least two clearly distinct interpretations presents a serious 

challeng e t o model s o f  wor d identification .  Th e critica l  issu e i s whethe r  al l  o r  onl y on e o f  a n 

ambiguou s word' s meaning s ar e activate d upo n presentatio n o f  th e word .  Althoug h certai n kind s 

of  contextua l  informatio n apparentl y produc e a  for m o f  selectiv e acces s o f  a  homograph' s lexica l 

entrie s (Duffy ,  Morris ,  &  Rayner ,  1988 ;  Seidenberg ,  Tanenhaus ,  Leiman ,  &  Bienkowski ,  1982 ; 

Tabossi ,  1988 ;  Va n Pette n &  Kutas ,  1987) ,  ther e i s evidenc e t o sugges t  tha t  multipl e acces s occur s 

i n th e absenc e o f  biasin g context .  Usin g a  cros s moda l  primin g paradig m an d balance d 

homograph s (item s wit h tw o equall y frequen t  meanings) ,  Seidenber g e t  al .  (1982 )  foun d tha t 

hearin g a  homograp h a t  th e en d o f  a  nonbiasin g sentenc e contex t  produce d equa l  primin g o f  visua l 

target s relate d t o eithe r  o f  th e homograph' s tw o interpretations .  Similarly ,  Duff y e t  al .  (1988 ) 

foun d longe r  gaz e durations ,  relativ e t o contro l  words ,  o n balance d homograph s tha t  appeare d 

followin g a  nonbiasin g phrase .  Th e additiona l  processin g tim e wa s attribute d t o require d 

selectio n o f  on e o f  th e tw o activate d entrie s fo r  integratio n wit h th e context . 

Simultaneou s activatio n o f  multipl e lexica l  entrie s i s full y  compatibl e wit h th e classi c semanti c 

networ k vie w o f  th e lexico n (e.g. ,  Collin s &  Loftus ,  1975 ;  Collin s &  Quillian ,  1972) .  Thi s vie w 

hold s tha t  eac h lexica l  entr y i s represente d a s a  uniqu e nod e i n th e network ,  an d i t  i s quit e possibl e 

fo r  multipl e node s t o b e highl y active .  I n fact ,  primin g effect s ar e assume d t o b e th e resul t  o f 

activatio n sprea d acros s link s betwee n nodes .  Bu t  strong ,  simultaneou s activatio n o f  concepts , 

particularl y unrelate d concept s a s i n th e cas e o f  distinc t  meaning s o f  a n ambiguou s word ,  i s 

problemati c fo r  model s base d o n a  distribute d memor y schem e (e.g. ,  Eich ,  1985 ;  McClellan d & 

Rumelhart ,  1985) .  I n a  distribute d memor y syste m a  concep t  i s expresse d a s a  patter n o f  activatio n 

acros s a n entir e networ k o f  nodes .  Onl y on e patter n o f  activatio n ca n b e instantiate d a t  an y 

moment,  therefor e i t  woul d b e impossibl e fo r  tw o unrelate d concept s (representin g th e tw o 

differen t  meaning s o f  a n ambiguou s word )  t o simultaneousl y dominat e th e network' s patter n o f 

activation .  Fo r  thi s reason ,  demonstration s o f  multipl e acces s constitut e a  seriou s challeng e t o thi s 

clas s o f  models . 

Kawamot o an d Anderso n (1984 )  develope d a  neura l  networ k mode l  incorporatin g a  distribute d 

memory representatio n tha t  produce d simultaneou s activatio n o f  multipl e meaning s o f  a n 

ambiguou s word .  I n keepin g wit h th e limitation s o n multipl e activatio n impose d b y a  distribute d 
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memory scheme, however, their reported simulations included no instance of two concepts 
simultaneousl y achievin g activatio n level s greate r  tha n .5 ,  wher e asymptoti c activatio n wa s 1.0 . 
Althoug h thi s coul d b e considere d a  cas e o f  multipl e activation ,  i t  i s no t  clea r  fro m thei r  simulation s 
whethe r  thi s rathe r  lo w leve l  o f  activatio n woul d b e adequat e t o produc e primin g effect s equa l  i n 
magnitud e t o thos e obtaine d wit h a n unambiguou s wor d (Seidenber g e t  al ,  1982) . 

A CONSTRAINT SATISFACTION NETWORK MODEL 

I have attempted to apply a simple constraint satisfaction model, based on a Hopfield network 
(Hopfield ,  1982 ;  Hopfiel d &  Tank ,  1986) ,  t o th e proble m o f  simulatin g cros s moda l  primin g 
result s tha t  hav e bee n take n a s evidenc e fo r  multipl e acces s i n th e lexico n (Seidenber g e t  al. ,  1982) . 
The networ k consist s o f  a  grou p o f  binar y value d nodes ,  an d concept s ar e represente d a s uniqu e 
pattern s o f  on/of f  state s acros s thes e nodes .  Onl y on e patter n o f  activatio n ca n b e represente d i n 
th e syste m a t  a  give n instant ,  implyin g tha t  th e syste m wil l  no t  allo w multipl e concept s t o b e full y 
activate d simultaneously .  Bu t  thi s restrictio n doe s no t  mea n tha t  multipl e concept s canno t  b e 
partiall y  activate d a t  th e sam e time .  Degre e o f  activatio n o f  a  concep t  i n thi s syste m i s conceive d a s 
th e proportio n o f  node s i n th e currentl y instantiate d patter n tha t  matc h th e patter n definin g th e 
concept .  W h e n a  patter n o f  activatio n i s instantiate d i n th e networ k i t  ma y partiall y  matc h a  numbe r 
of  differen t  concepts .  Th e max imu m amoun t  o f  simultaneou s activatio n o f  a  se t  o f  concepts , 
however ,  i s limite d b y th e similarit y o f  thei r  definin g pattern s o f  activation . 

The system' s knowledg e abou t  an d potentia l  fo r  instantiatin g differen t  concept s lie s i n th e 
strength s o f  connection s betwee n nodes .  N e w concept s ar e acquire d b y adjustin g th e connectio n 
weight s accordin g t o a  prescriptio n o f  th e genera l  typ e propose d b y Heb b (1949) .  Th e weigh t  o f 
th e hn k connectin g an y tw o node s i s altere d a s a  functio n o f  th e on/of f  state s adopte d b y th e tw o 
node s whe n a  ne w concep t  i s instantiated .  Specifically ,  i f  bot h node s ar e i n th e sam e stat e (bot h o n 
or  bot h off )  the n th e lin k betwee n the m i s increase d i n strength ,  bu t  i f  th e tw o node s ar e i n differen t 
state s (on e o n an d on e of O thei r  lin k i s reduced : 

^w^j = ni tij, 

where wu represents the weight of the link between nodes / andy, and /j/ and nj represent the 

state s take n b y thos e node s whe n th e ne w concep t  i s activated .  A  nod e i n th e o n stat e take s th e 
valu e 1  an d a  nod e i n th e of f  stat e i s assigne d th e valu e -1 . 

Pattern Recognition 
Simulatio n o f  wor d identificatio n i s treate d a s a  patter n completio n proble m i n th e model .  Onc e 

th e syste m ha s encode d a  se t  o f  concepts ,  i t  ca n b e provide d a  patter n o f  activatio n tha t  partiall y 
matche s a  targe t  concept .  Th e syste m ca n the n graduall y chang e th e patter n o f  activatio n unti l  i t 
reconstruct s th e entir e patter n o f  th e targe t  concept .  Thi s i s accomplishe d throug h a  proces s o f 
asynchronou s updatin g o f  eac h nod e i n th e network .  I f  th e ne t  activatio n sen t  t o a  nod e fro m al l 
othe r  node s i n th e networ k exceed s som e threshold ,  th e nod e i s se t  t o th e o n state ,  otherwis e i t  i s 
set  t o th e of f  state .  Th e activatio n receive d b y a  nod e i s a  functio n o f  th e on/of f  state s o f  th e othe r 
node s i n th e syste m an d th e weigh t  o f  th e link s betwee n thos e node s an d th e nod e selecte d fo r 
updating : 

at = Z Wij rij , 

where fl/ represents the amount of activation directed to the selected node. In the simulations 

reporte d her e th e threshol d fo r  settin g a  nod e t o th e o n stat e wa s zero .  Thi s updatin g schem e act s 
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as a constraint satisfaction network, driving the network to a pattern of activation that represents a 

loca l  m a x i m u m goodnes s o f  fit,  an d i s stabl e i n th e sens e tha t  an y furthe r  update s wil l  no t  produc e 

adjustment s i n th e pattern .  Unde r  appropriat e circumstance s (e.g. ,  th e concept s learne d b y th e 

networ k ar e fe w i n numbe r  relativ e t o th e numbe r  o f  node s i n th e network ,  an d ar e no t  highl y 

simila r  t o on e another) ,  th e stabl e patter n tha t  i s  achieve d wil l  correspon d t o on e o f  th e concept s 

learne d b y th e syste m (Hopfield ,  1982) . 

To simulat e wor d identification ,  a  networ k consistin g o f  tw o set s o f  node s wa s constructed . 

One se t  o f  node s represent s th e perceptua l  (visua l  an d auditory )  characteristic s o f  a  word ,  an d 

anothe r  se t  represent s it s conceptua l  features .  Eac h perceptua l  nod e i s linke d t o eac h conceptua l 

node ,  an d th e conceptua l  node s ar e full y  interconnecte d a s well .  U p o n presentatio n o f  a  word , 

perceptua l  inpu t  i s  immediatel y rea d int o th e appropriat e subse t  o f  perceptua l  node s (e.g. ,  visual ) 

and th e othe r  subse t  o f  perceptua l  node s (auditory )  ar e se t  t o zero ,  indicatin g n o relevan t  inpu t  i s 

presen t  i n th e othe r  modality .  N o attemp t  i s mad e i n th e curren t  versio n o f  th e mode l  t o simulat e 

interactiv e effect s i n perception .  Asynchronou s updatin g i s applie d t o th e conceptua l  nodes ,  whic h 

begi n i n eithe r  a  rando m stat e o r  a  patter n determine d b y a  previousl y presente d stimulus .  Th e 

perceptua l  node s continu e t o hol d tihe  patter n o f  activatio n dictate d b y th e sensor y input .  Th e 

updatin g schem e drive s th e patter n o f  activatio n amon g th e conceptua l  node s fro m th e initia l  stat e t o 

a stabl e patter n representin g th e concep t  designate d b y th e perceptua l  input .  Reachin g a  learne d 

stabl e stat e constitute s ful l  activatio n an d identificatio n o f  th e targe t  concept ,  an d th e numbe r  o f 

updatin g cycle s require d t o m o v e th e networ k t o th e stabl e stat e i s take n a s a  measur e o f  wor d 

identificatio n time . 

SIMULATION OF LEXICAL AMBIGUITY RESOLUTION 

The critical issue was whether a system that inherently prohibits strong, simultaneous activation 

of  unrelate d concept s coul d simulat e cros s moda l  primin g result s tha t  hav e bee n take n a s evidenc e 

fo r  multipl e acces s o f  a n ambiguou s word' s meanings .  A n attemp t  wa s mad e t o simulat e th e 

result s o f  Experimen t  1  reporte d b y Seidenber g e t  al .  (1982) .  I n thi s stud y subject s hear d neutra l 

phrase s endin g wit h a n ambiguou s o r  unambiguou s prim e word ,  the n name d alou d a  visuall y 

presente d targe t  (e.g. ,  Jo e buy s th e straw-HAY) .  Presentatio n o f  th e targe t  occurre d eithe r 

immediatel y afte r  th e prim e wa s pronounce d o r  20 0 mse c later .  I n th e cas e o f  a n ambiguou s prim e 

th e targe t  wa s relate d t o on e o f  it s  meaning s an d whe n a n unambiguou s prim e wa s use d th e targe t 

was eithe r  relate d o r  unrelate d t o it .  W h e n th e targe t  appeare d immediatel y afte r  th e prime , 
homograp h prime s produce d facilitatio n i n namin g equa l  t o tha t  produce d b y unambiguou s primes . 

Afte r  a  200-mse c delay ,  however ,  greate r  facilitatio n wa s obtaine d wit h unambiguou s primes . 

Seidenber g e t  al .  conclude d tha t  immediatel y afte r  hearin g a n ambiguou s prim e bot h meaning s 

wer e activated ,  thereb y producin g facilitatio n t o eithe r  target .  Bu t  afte r  a  dela y on e interpretatio n 

was arbitraril y  selecte d s o onl y on e o f  th e target s woul d b e facilitate d an d th e othe r  woul d not .  Th e 

averag e facilitation ,  then ,  woul d b e smalle r  tha n tha t  obtaine d wit h th e unambiguou s prime . 

Simulatio n o f  thes e result s involve d a  versio n o f  th e networ k describe d earlier ,  consistin g o f  4 5 

auditory ,  4 0 visual ,  an d 4 0 conceptua l  nodes .  A n ambiguou s wor d wa s simulate d b y constructin g 

tw o item s wit h identica l  pattern s o f  activatio n amon g perceptua l  nodes ,  an d unrelate d pattern s i n 

th e conceptua l  nodes .  Thes e tw o item s wer e encode d usin g th e Hebbia n learnin g rule .  I n 

addition ,  tw o unambiguou s word s relate d t o eac h meanin g o f  th e homograp h wer e als o encoded . 

The pattern s o f  activatio n i n th e conceptua l  node s o f  relate d word s overlappe d i n 2 9 o f  th e 4 0 

nodes .  Thes e item s wer e use d t o simulat e th e thre e primin g condition s teste d b y Seidenber g e t  al . 

(1982) .  Th e homograp h an d on e o f  th e unambiguou s word s relate d t o eac h o f  it s  meaning s serve d 

as prime s an d th e othe r  unambiguou s word s wer e targets .  I t  wa s assume d tha t  informatio n i n th e 

neutra l  phras e woul d leav e th e conceptua l  node s i n a  rando m patte m o f  activatio n becaus e non e o f 
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TABLE 1 

MEAN CYCLES REQUIRED TO IDENTIFY A VISUAL TARGET IN THE 
SIMULATION O F TH E CROSS M O D AL PRIMIN G PARADIGM 

Targe t 
dela y 

0 mse c 
20 0 mse c 

Relate d 
ambiguou s 

174. 8 
140. 7 

Prim e 

Relate d 
unambiguou s 

175. 2 
128. 4 

Unrelate d 
unambiguou s 

208.4 
167. 5 

it s constituent s wer e strongl y relate d t o th e prime s o r  targets .  Presentatio n o f  th e prim e wa s 
simulate d b y loadin g it s auditor y patter n int o th e networ k an d onse t  o f  th e visua l  targe t  wa s 
simulate d b y loadin g th e appropriat e visua l  patter n int o th e network . 

I n th e immediat e conditio n i t  wa s assume d tha t  som e minima l  processin g o f  th e prim e woul d 
occu r  a s i t  wa s bein g pronounce d an d tha t  additiona l  processin g woul d continu e durin g th e earl y 
stage s o f  targe t  processing .  Therefor e th e networ k wa s update d fo r  1 0 cycle s usin g onl y th e 
prime' s auditor y pattern ,  wit h th e visua l  node s se t  t o zero .  The n th e visua l  patter n fo r  th e targe t 
was loade d an d th e networ k wa s update d unde r  th e influenc e o f  bot h perceptua l  pattern s fo r  a 
funhe r  6 5 cycles .  Finall y th e auditor y patter n wa s se t  t o zer o t o reflec t  selectiv e processin g o f  th e 
visua l  targe t  an d update s continue d unti l  th e syste m reache d a  stabl e stat e o r  40 0 update s ha d 
occurre d sinc e targe t  onset .  I n th e 200-mse c dela y condition ,  th e prime' s auditor y patter n wa s 
allowe d t o influenc e th e syste m fo r  7 5 cycle s a t  whic h poin t  th e target' s visua l  patter n wa s loade d 
and th e auditor y patter n wa s se t  t o zero .  Th e syste m the n continue d t o updat e unti l  th e targe t  wa s 
identifie d o r  th e syste m ra n fo r  40 0 updat e cycle s sinc e targe t  onset .  Thi s sequenc e wa s 
formulate d o n th e assumptio n tha t  i n th e dela y conditio n processin g o f  th e auditor y prim e wa s 
terminate d b y onse t  o f  th e visua l  target . 

The simulatio n wa s ru n 10 0 time s fo r  eac h o f  th e tw o dela y conditions ,  wit h eac h ru n base d o n 
a se t  o f  word s randoml y selecte d withi n th e constraint s describe d earUer .  Eac h ru n involve d 1 0 
trial s i n eac h primin g condition .  Despit e th e hig h degre e o f  similarit y amon g th e concept s encode d 
by th e system ,  onl y 1 3 % o f  th e trial s faile d t o mov e int o th e stabl e stat e tha t  define d th e targe t 
word .  Th e mea n numbe r  o f  cycle s require d t o identif y th e targe t  a s a  functio n targe t  dela y an d typ e 
of  prim e i s show n i n Tabl e 1 .  Thes e result s ver y closel y approximat e th e dat a reporte d b y 
Seidenber g e t  al .  (1982) ,  wit h th e exceptio n tha t  th e simulatio n produce d shorte r  respons e time s i n 
th e dela y condition .  Seidenber g e t  al .  foun d longe r  respons e time s afte r  a  200-mse c dela y i n thei r 
firs t  experiment ,  bu t  th e dela y variabl e wa s manipulate d betwee n subject s an d a  within-subjec t 
manipulatio n woul d b e neede d t o obtai n a  mor e reliabl e assessmen t  o f  th e overal l  effec t  o f  dela y o n 
respons e time .  Moreover ,  othe r  experiment s the y reporte d ar e consisten t  wit h th e simulation ,  a s 
ar e independen t  repUcation s o f  thei r  experimen t  (e.g. .  Va n Pette n &  Kutas ,  1987) .  Th e mode l 
produce s faste r  identificatio n i n th e dela y conditio n becaus e th e target' s visua l  patter n unilaterall y 
influence s activatio n i n th e conceptua l  node s a s soo n a s i t  appears .  Ther e i s n o competitio n fro m 
th e auditor y prim e tryin g t o mov e th e syste m t o a  slightl y differen t  activatio n patter n i n th e 
conceptua l  nodes . 

The model' s succes s i n producin g equa l  facilitatio n wit h ambiguou s an d unambiguou s prime s i n 
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PRIMES 

Unamb.- R 
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o 
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< 

Amb.- R 
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Prim e 
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> 
I -
O 
< 

100 15 0 

CYCLE 

Unamb.- R 

Unamb.- U 

Prim e 

100 15 0 
CYCLE 

T 1 
200 25 0 

FIGURE 1 .  ACTIVATIO N VALUES FO R PRIME S (LEF T PANEL)  AN D TARGETS (RIGH T PANEL)  I N TH E 
IMMEDIATE CONDITIO N O F TH E CROSS M O D AL PRIMIN G PARADIGM.  AMBIGUOUS AN D 
UNAMBIGUOUS PRIME S W E RE EITHE R RELATED (R )  O R UNRELATED (U )  T O TH E TARGETS. 
HORIZONTAL LINE S INDICAT E TIM E COURSE O F SENSORY INPU T FROM PRIM E A N D TARGET. 

the immediate condition was not due to multiple activation of both meanings of an ambiguous 
prime .  Rather ,  simultaneou s processin g o f  th e auditor y prim e an d visua l  targe t  i n th e immediat e 
conditio n allowe d th e targe t  t o driv e th e syste m towar d th e relevan t  interpretatio n o f  th e ambiguou s 
prime .  Thi s proces s ca n b e see n i n Figur e 1 ,  whic h represent s th e activatio n value s fo r  prim e (lef t 
panel )  an d targe t  (righ t  panel )  concept s i n th e immediat e condition .  Th e activatio n valu e fo r  a 
concep t  a t  a  give n instan t  i s th e proportio n o f  th e network' s conceptua l  node s tha t  currentl y matc h 
th e patter n o f  on/of f  state s correspondin g t o tha t  concept .  A  valu e o f  . 5 indicate s tha t  a  concep t  i s 
at  restin g leve l  i n th e sens e tha t  a  concep t  woul d b e expecte d t o hav e hal f  it s  node s i n commo n wit h 
a randoml y chose n patte m o f  activation .  Th e behavio r  show n i n Figur e 1  i s no t  a n exampl e o f 
backwar d priming ,  wher e th e targe t  activate s a  relate d meanin g o f  th e ambiguou s prime ,  the n th e 
selecte d meanin g send s activatio n bac k t o th e targe t  (Glucksberg ,  Kreuz ,  &  Rho ,  1986) .  Th e 
mutuall y supportiv e activatio n o f  th e conceptua l  node s produce d b y simultaneou s processin g o f  th e 
ambiguou s prim e an d th e targe t  i s  mor e closel y relate d t o wha t  Va n Pette n an d Kuta s (1987 ) 
referre d t o a s mutua l  priming .  I n a  distribute d memor y syste m thi s kin d o f  interactio n betwee n 
closel y couple d input s involve s simultaneou s influenc e ove r  th e entir e networ k o f  nodes .  Th e 
influenc e i s symbioti c whe n th e tw o input s represen t  conceptuall y relate d items .  Equa l  primin g b y 
ambiguou s an d unambiguou s prime s occurre d despit e slightl y lowe r  activatio n o f  th e relevan t 
interpretatio n o f  th e ambiguou s prime .  Thi s i s becaus e pattern s o f  activatio n representin g 
homograph s generall y hav e highe r  goodnes s o f  fi t  value s tha n unambiguou s items ,  givin g the m 
greate r  powe r  t o influenc e th e directio n o f  chang e i n th e network' s patte m o f  activation .  Th e 
goodnes s o f  fit  advantag e fo r  homograph s i s a  produc t  o f  th e tw o encoding s o f  thei r  perceptua l 
pattern s (onc e fo r  eac h meanin g o f  a  homograph )  compare d t o onl y on e encodin g o f  th e perceptua l 
patte m fo r  a n unambigou s word . 

When th e targe t  wa s delaye d th e syste m ha d n o basi s fo r  selectin g th e appropriat e interpretatio n 
and wa s therefor e incorrec t  i n it s  selectio n o n abou t  hal f  o f  th e trials .  I n thos e instance s th e 
auditor y prim e move d th e conceptua l  node s towar d a  patte m o f  activatio n irrelevan t  t o th e target . 
Consequently ,  th e averag e leve l  o f  activatio n o f  relevan t  an d irrelevan t  interpretation s o f  th e 
ambiguou s prime s wer e simila r  an d lowe r  tha n activatio n o f  th e unambiguou s primes ,  a s see n i n 
th e lef t  pane l  o f  Figur e 2 .  Moreover ,  th e ambiguou s prim e wa s effectiv e i n facilitatin g targe t 
identificatio n onl y hal f  th e time ,  tha t  is ,  o n thos e occasion s whe n th e relevan t  interpretatio n 
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FIGURE 2 .  ACTIVATIO N VALUES FO R PRIME S (LEF T PANEL)  A N D TARGETS (RIGH T PANEL)  I N TH E 
DELAYED CONDITIO N O F TH E CROSS M O D AL PRIMIN G PARADIGM.  AMBIGUOUS A N D 
UNAMBIGUOUS PRIME S W E RE EITHE R RELATED (R )  O R UNRELATED (U )  T O TH E TARGETS. 
HORIZONTAL LINE S INDICAT E TIM E COURSE O F SENSORY INPU T FRO M PRIM E A N D TARGET. 

happened to be selected. The average growth of activation values of target items is shown in the 
right  pane l  o f  Figur e 2  an d reflect s th e difference s i n observe d facilitatio n effects . 

Other Empirical Results 
The mode l  coul d b e extende d t o accoun t  fo r  anothe r  effec t  reporte d b y Seidenber g e t  al .  (1982) . 

Usin g a  biase d context ,  the y foun d evidenc e fo r  selectiv e activatio n o f  on e interpretatio n o f  a n 
ambiguou s prim e eve n whe n th e targe t  followe d immediatel y afte r  th e prime .  Th e contex t  phras e 
containe d a  wor d strongl y relate d t o on e interpretatio n o f  th e ambiguou s prim e (e.g. .  Althoug h th e 
farme r  bough t  th e straw-HAY) .  Contex t  effect s o f  thi s for m coul d b e simulate d b y assumin g tha t 
contex t  word s ar e identifie d withou t  drivin g th e conceptua l  node s completel y int o th e appropriat e 
patter n o f  activation .  Rather ,  a n approximatio n t o th e know n patter n woul d b e sufficien t  t o identif y 
th e word .  Thi s woul d allo w part s o f  th e patter n establishe d b y earlie r  contex t  word s t o surviv e i n 
th e networ k unti l  th e ambiguou s prim e wa s presented .  A t  tha t  poin t  th e syste m woul d b e i n a  stat e 
tha t  slightl y favore d th e relevan t  interpretatio n an d tha t  i s  th e meanin g tha t  likel y woul d b e selected . 
The mode l  coul d similarl y accoun t  fo r  result s suc h a s thos e obtaine d b y Duff y e t  al .  (1988 )  an d 
Taboss i  (1988 )  i n whic h context s no t  containin g word s directl y associate d wit h a n ambiguou s 
wor d nevertheles s influence d whic h interpretatio n wa s selected .  Fo r  example ,  contex t  coul d 
activat e element s o f  th e conceptua l  node s relevan t  t o a  salien t  featur e o f  on e meanin g o f  th e 
homograp h causin g tha t  meanin g t o b e selecte d whe n th e homograp h wa s presente d (Tabossi , 
1988) . 

I n thei r  stud y o f  even t  relate d potentials .  Va n Pette n an d Kuta s (1987 )  replicate d th e Seidenber g 
et  al .  (1982 )  stud y excep t  tha t  context s an d target s bot h wer e visuall y presente d an d th e context s 
containe d informatio n t o bia s on e interpretatio n o f  th e homograp h prime .  Th e interestin g resul t 
was tha t  whe n a  targe t  relate d t o th e unbiase d interpretatio n wa s presente d immediatel y afte r 
terminatio n o f  th e homograp h prime ,  even t  relate d potential s indicate d tha t  th e targe t  wa s initiall y 
responde d t o a s thoug h i t  wer e a  contextuall y unrelate d word .  Bu t  50 0 mse c afte r  targe t  onse t 
cortica l  activit y suggeste d tha t  th e alternativ e interpretatio n o f  th e homograp h ha d bee n instantiated . 
Thi s i s th e resul t  tha t  woul d b e expecte d o f  th e constrain t  satisfactio n networ k mode l  propose d 
here .  Presentatio n o f  th e targe t  woul d eventuall y chang e th e interpretatio n applie d t o th e 
homograp h prime ,  overridin g th e earl y influenc e o f  th e precedin g context . 
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There is a second kind of evidence that supports the multiple access view of lexical ambiguity 
resolution .  I n thei r  stud y o f  ey e movement s durin g readin g o f  ambiguou s words ,  Duff y e t  al . 
(1988 )  foun d tha t  balance d homograph s wer e viewe d a n averag e o f  1 8 mse c longe r  tha n contro l 
words ,  provide d tha t  th e precedin g contex t  wa s neutra l  wit h respec t  t o th e homograph' s 
interpretation .  Thei r  explanatio n wa s tha t  bot h meaning s ha d bee n activate d an d a  tim e consumin g 
selectio n proces s wa s require d i n orde r  fo r  th e wor d t o b e integrate d wit h ongoin g comprehensio n 
processes .  Bu t  th e viewin g tim e effec t  coul d hav e resulte d fro m a n importan t  differenc e betwee n 
th e homograp h an d contro l  words .  Duff y e t  al .  equate d thes e item s fo r  frequency,  bu t  the y di d s o 
on th e basi s o f  occurrence s o f  token s rathe r  tha n types .  Thu s fo r  a  balance d homograph ,  eac h o f 
it s meaning s woul d b e experience d i n a  relevan t  contex t  b y a n averag e reade r  onl y hal f  a s man y 
time s a s th e contro l  word .  Th e longe r  viewin g time s fo r  homograph s ma y actuall y reflec t  th e 
lowe r  frequenc y o f  th e arbitraril y  selecte d interpretatio n o f  th e homograph ,  rathe r  tha n activatio n o f 
bot h interpretations . 

CONCLUSION 

Results from the cross modal priming paradigm have significantly influenced theories of lexical 
ambiguit y resolutio n and ,  mor e generally ,  theorie s o f  lexica l  acces s an d languag e comprehension . 
Thes e result s hav e encourage d th e assumptio n tha t  multipl e meaning s o f  ambiguou s word s ar e 
initiall y  activate d the n a  contex t  appropriat e sens e i s selecte d (e.g. ,  Kintsch ,  1988 ;  Seidenberg , 
1985) .  Th e constrain t  satisfactio n networ k mode l  describe d here ,  however ,  wa s abl e t o reproduc e 
th e result s o n whic h thi s assumptio n wa s founde d eve n thoug h i t  clearl y involve d selectiv e acces s 
of  lexica l  ambiguity .  Althoug h thi s demonstratio n doe s no t  prov e tha t  lexica l  ambiguitie s ar e 
processe d b y selectiv e activation ,  i t  doe s sho w tha t  a  multipl e acces s interpretatio n i s no t  dictate d 
by th e availabl e empirica l  evidence ,  an d tha t  a  selectiv e acces s accoun t  o f  th e dat a i s plausible .  I n 
addition ,  th e mode l  represent s on e exampl e o f  ho w distribute d memor y system s ca n accoun t  fo r 
dat a tha t  impl y simultaneou s instantiatio n o f  incompatibl e pattern s o f  activation . 

The presen t  versio n o f  th e mode l  make s n o claim s abou t  th e ke y theoretica l  ide a behin d th e 
multipl e acces s proposal :  modularit y  o f  th e lexicon .  A  modula r  vie w o f  th e lexico n assume s tha t 
lexica l  activatio n i s independen t  o f  contextua l  informatio n provide d b y sentenc e comprehensio n 
(Fodor ,  1983 ;  Seidenberg ,  1985) .  Therefore ,  identificatio n o f  a n ambiguou s wor d shoul d involv e 
multipl e activatio n o f  it s  meaning s unles s lexica l  processe s influenc e selectio n o f  on e meanin g 
(Seidenber g e t  al. ,  1982) .  I n th e simulation s reporte d here ,  lexica l  activit y wa s influence d onl y b y 
sensor y inpu t  directl y impingin g o n th e lexico n o r  b y activit y withi n th e lexico n itself .  N o 
influenc e fro m contextua l  informatio n base d o n sentenc e comprehensio n wa s incorporate d an d i n 
thi s sens e th e mode l  preserve s th e assumptio n o f  modularit y i n th e lexicon .  Th e fac t  tha t  thi s 
syste m wa s abl e t o simulat e relevan t  empirica l  result s whil e engagin g i n selectiv e activatio n 
suggest s a n uncouplin g o f  th e issue s o f  modularit y an d lexica l  ambiguit y resolution . 
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