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Universit y o f  Exete r 

The Lexical Distance (LD) model, presented here, functions as the front end 
of  a  connectionis t  Natura l  Languag e Understandin g syste m (e.g .  Sharkey , 
1989 a an d b) .  Th e lexico n consist s o f  a  vecto r  o f  microfeature s whic h ar e 
divide d amon g 3  classes :  orthographic ,  semanti c an d situational .  Treatin g 
lexica l  spac e a s a n energ y landscape ,  th e entr y fo r  eac h wor d i s learne d a s a 
minimu m o f  th e energ y functio n E  (se e Kawamoto ,  i n pres s fo r  a  simila r 
treatment) .  Initia l  acces s t o th e lexico n i s vi a th e graphemi c microfeatures . 
W h en thes e ar e activate d b y th e visua l  presentatio n o f  a n word ,  th e lexica l  ne t 
i s destabilise d an d th e syste m begin s gradien t  descen t  i n th e energ y functio n 
unti l  i t  relaxe s i n a n attracto r  basi n whic h represent s th e meanin g o f  th e inpu t 
word .  Th e mode l  characterise s contex t  effect s i n wor d recognitio n 
experiment s b y derivin g tim e prediction s base d o n th e movemen t  o f  th e 
syste m fro m it s initia l  stat e t o th e targe t  state .  T w o classe s o f  contex t  ar e 
discusse d alon g wit h thei r  interaction s wit h wor d frequenc y an d stimulu s 
degradation .  Th e researc h demonstrate s ho w thes e effect s fal l  quit e naturall y 
out  o f  th e processin g specification s o f  th e L D mode l  withou t  nee d fo r  a d hoc 
parameters . 

Contextual effects on word recognition may be divided into two classes: those that occur as a 
resul t  o f  processe s withi n th e lexico n {lexica l  effects )  an d thos e tha t  occu r  a s a  resul t  o f 
processe s occurrin g afte r  propositio n constructio n (textua l  effects) .  Th e clas s o f  effec t  i s 
determine d b y th e primin g stimulu s used .  Lexica l  effect s ar e foun d whe n single-wor d prime s 
suc h a s D O C T OR preced e target s suc h a s N U R S E.  Alternatively ,  textua l  effect s occu r  onl y 
when th e primin g come s fro m complet e propositions .  Fo r  example ,  Sharke y an d Mitchel l 
(1985 )  foun d tha t  sentence s suc h as ,  'Colone l  Jone s realise d tha t  h e wa s lat e a s h e rushe d int o 
th e station. '  coul d b e use d t o prim e word s suc h a s B E N C H.  Th e resultin g effect s ar e textua l 
i n th e sens e tha t  the y rel y o n th e constructio n (o r  activation )  o f  relate d propositions .  I n th e 
'Colone l  Jone s example' ,  B E N C H i s prime d b y proposition s containin g th e reader' s 
knowledg e abou t  station s i.e .  peopl e waitin g fo r  train s si t  o n benches . 

The distinction between textual and lexical effects may be maintained empirically as follows: 
The lexica l  effect s ar e instantaneou s (Neely ,  1976 )  an d ca n b e disrupte d b y on e intervenin g 
ite m (e.g .  Meyer ,  Schvaneveld t  &  Ruddy ,  1972 ;  Gough ,  Alford ,  &  Holly-Wilcox ,  1981 ; 
Foss ,  1982 ;  A.J.C .  Sharkey ,  1989) .  Th e textua l  effect s hav e a  slo w onse t  i.e .  the y appea r  onl y 
afte r  a n unfille d dela y (Kintsc h &  Mross ,  1985 )  o r  a  filled  dela y (Till ,  Mross ,  &  Kintsch , 
1988 ;  A.J.C .  Sharkey ,  1989) .  I n addition ,  textua l  primin g ha s bee n show n t o sustai n ove r  a 
number  o f  unrelate d item s (Foss ,  1982 ;  Sharke y &  Mitchell ,  1985 ;  A.J.C .  Sharkey ,  1989) , 
and i s deactivate d onl y whe n textua l  cue s indicat e tha t  a  ne w knowledg e domai n i s i n focu s 
(Sharke y &  Mitchell ,  1985) . 

In the new model presented here, lexical effects (from single-word primes) are entirely 
bottom-u p i n th e sens e tha t  the y occu r  withi n th e lexico n withou t  influenc e fro m othe r 
modules .  However ,  i n wor d primin g whic h i s textua l  b y a n assembl y o f  tex t  propositions , 
ther e i s minima l  a  top-dow n componen t  whic h i s supporte d i n a  numbe r  o f  studie s (e.g . 
Glucksberg ,  Kreutz ,  &  Rho ,  1986 ;  Tabossi ,  1988 ;  Blutne r  &  Sommer ,  1988 ;  Keenan , 
Golding ,  Potts ,  Jennings ,  &  Aman ,  i n press) .  Although ,  th e empirica l  argument s currentl y 
presen t  a  mudd y picture ,  th e L D mode l  wa s buil t  partl y ou t  o f  engineerin g consideration s an d 
so show s on e efficien t  wa y i n whic h t o mode l  contex t  effects .  I t  i s no t  argue d her e tha t  i t  i s 
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th e onl y wa y t o mode l  them .  Nonetheless ,  b y buildin g a n explici t  alternativ e computationa l 
model  wit h precis e proces s prediction s i t  i s hope d tha t  som e o f  th e issue s ca n b e resolve d 
empirically .  Th e mode l  ha s recentl y bee n empiricall y compare d t o th e Kintsc h (1988 ) 
model  an d bee n show n t o fit  th e dat a bette r  (Sharke y an d Sharkey ,  1989) . 

THE LEXICAL DISTANCE MODEL 

Traditionally the lexicon has been considered to be a store of information about words e.g. 
informatio n abou t  thei r  meanings ,  syntacti c class ,  orthograph y etc .  I n th e curren t  model ,  th e 
lexico n consist s o f  a  se t  o f  unit s suc h tha t  eac h uni t  correspond s t o a  microfeature .  Thi s lead s 
t o quit e a  differen t  clas s o f  mode l  tha n previou s model s o f  wor d recognitio n (c.f .  Sharkey , 
1989b ,  fo r  a  detaile d comparison) .  I n earlie r  models ,  a  concept ,  wher e mentioned ,  i s 
represente d eithe r  a s a  singl e networ k nod e o r  similarly ,  a s th e content s o f  som e addresse d 
locatio n i n memory .  Th e radica l  chang e her e i s tha t  th e concep t  associate d wit h a  wor d doe s 
not  occup y a  singl e locatio n i n memory .  Instead ,  i t  i s distribute d acros s severa l  differen t 
memory locations .  Eac h concep t  i s  compose d o f  a  numbe r  o f  microfeature s whic h represen t 
element s o f  it s  meanin g (se e Sutcliffe ,  1988) .  Suc h meanin g microfeature s ma y b e though t  o f 
as propositiona l  predicate s (e.g .  a  stereotypica l  se t  o f  microfeature s fo r  ma n migh t  be :  i s 
male ,  i s tall ,  i s strong ,  can' t  cook ,  like s wome n etc.) .  I n th e presen t  mode l  meanin g i s no t 
onl y represente d b y semanti c microfeature s suc h a s is-male ,  has-wings ,  etc .  I t  i s als o 
represente d b y situationa l  microfeature s whic h provid e informatio n abou t  th e activitie s o r 
event s tha t  a  wor d i s involve d in ,  o r  location s i n whic h i t  ma y b e found .  Th e lexica l  ne t  i s 
illustrate d i n Figur e 1 .  Moreover ,  eac h microfeatur e ma y appea r  i n severa l  concepts .  Thu s 
D O C T OR share s man y situationa l  microfeature s wit h N U R SE the y ar e bot h person s an d 
the y hav e overlappin g jo b roles .  Thi s distribute d representatio n make s i t  difficul t  t o maintai n 
th e ol d addressin g metapho r  becaus e eac h lexica l  entr y woul d occup y a  numbe r  differen t 
addresses .  O f  cours e ther e i s mor e t o th e lexico n tha n meanin g microfeatures .  Ther e ma y als o 
be phonemic ,  an d syntacti c microfeature s etc .  (e.g .  Kawamoto ,  i n press) .  Meanin g 
microfeature s ar e th e mai n concer n o f  th e curren t  model ,  bu t  i t  i s th e graphemi c 
microfeature s tha t  ar e use d t o gai n acces s t o th e lexicon . 

SOME PROPERTIES OF THE MODEL 
(i )  Eac h microfeatur e i n th e lexico n ma y b e though t  o f  a s havin g a n activatio n value .  Thu s a 
lexica l  entr y ma y b e characterise d a s a  vecto r  o f  microfeatur e activations .  And ,  mor e 
importantly ,  eac h vecto r  o f  microfeatur e activation s ma y b e identifie d a s a  poin t  i n a n n 
-dimensiona l  energ y landscap e (calle d lexica l  spac e here) ,  wher e n  i s th e numbe r  o f 
microfeature s i n th e lexicon . 

CLASSES O F MICROFEATURES 

SEMANTIC SITUATIO N ORTHOGRAPHIC 

BI T CODED 
INPUT WORD 

Figur e 1 .  A  diagramati c representatio n o f  th e lexica l  ne t  i n th e L D mode l  showin g 
thre e categorie s o f  microfeatures .  A  bi t  code d wor d activate s th e graphemi c 
microfeature s i n orde r  t o retriev e it s appropriat e meaning . 
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Mor e formally ,  eac h collectio n o f  microfeature s representin g a  word' s meanin g an d it s visua l 
characteristic s (it s lexica l  entry )  i s installe d a s a  minimu m o f  a n energ y functio n E  (Hopfiel d 
1982 )  give n by : 

E = 1/2 SsjWjjSj + ?)sj6 
i= j  - ^  - ^  J  - ^ 

where si is the activation level of the ith unit, wjj is the weight between the ith and jth units. 

This provides a new formalism with which to discuss the lexicon. Rather than considering a 
lexica l  entr y a s havin g a  locatio n o r  addres s i n memory ,  i t  ma y no w b e considere d a s a  poin t 
i n a n n-dimensiona l  energ y landscap e create d b y th e E  functio n a s show n i n Figur e 2 .  Eac h 
microfeatur e assembl y i s represente d a s a  lo w poin t  o r  basi n i n thi s landscape .  Thu s lexica l 
acces s i s characterise d a s a  poin t  movin g throug h energ y spac e t o rela x o n appropriat e 
assemblage s o f  microfeatures .  (Not e tha t  th e ne w metapho r  coul d b e aligne d wit h th e ol d b y 
sayin g tha t  th e uniqu e poin t  i n n-dimensiona l  spac e i s a  locatio n fo r  a  lexica l  entr y an d tha t 
th e vecto r  o f  microfeatur e activation s i s th e addres s o f  tha t  entry) . 

(ii) Hopfield's (1982) gradient descent method is used to retrieve the meaning microfeatures 
whic h bes t  fi t  th e graphemi c inpu t  constraints .  Suc h a  schem e i s eas y t o implemen t  o n a 
paralle l  machin e becaus e a n importan t  propert y o f  Hopfield' s formalis m i s tha t  a  give n uni t 
ca n locall y comput e th e differenc e i n energ y a  chang e i n it s stat e fro m 1  t o 0  o r  vic e vers a 
wil l  make .  Thi s i s don e simpl y b y summin g th e tota l  activit y tha t  a  uni t  receive s fro m al l 
othe r  activ e unit s i n th e network . 

The change in energy for a unit is given by AEj: = SsjWjj. 
i 

The gradien t  descen t  rul e i s the n simple .  I f  th e energ y chang e result s i n a  positiv e number , 
th e uni t  adopt s a  + 1 state ,  an d i f  i t  result s i n a  negativ e numbe r  th e uni t  adopt s a  0  state . 
Eventuall y th e syste m wil l  settl e i n a  minimu m o f  th e energ y functio n (on e o f  th e attracto r 
basin s a s show n i n Figur e 2  i.e .  a  stat e whic h prevent s th e syste m fro m movin g downward s i n 
energ y regardles s o f  a  chang e o f  stat e i n an y o f  th e units .  Whe n th e syste m relaxe s i n on e o f 
thes e stabl e state s i t  i s sai d t o hav e retrieve d tha t  stat e i.e .  th e se t  o f  microfeature s 
correspondin g t o wor d meaning .  On e proble m wit h gradien t  descen t  i s tha t  th e syste m wil l 
onl y mov e i n a  downwar d direction .  S o whe n a  ne w wor d i n input ,  th e syste m wil l  b e stuc k 
i n th e minimu m correspondin g t o th e previou s word' s meaning .  T o overcom e thi s problem , 
th e puls e mechanis m wa s employe d her e (c.f .  Sharkey ,  Sutcliffe ,  Wobcke ,  1986) .  Essentially , 
thi s mean s tha t  whe n a  ne w unit ,  no t  i n th e curren t  microfeatur e set ,  come s on ,  i t  wil l  puls e 
(switc h off )  al l  unit s t o whic h i t  i s negativel y connected .  Thi s ha s th e effec t  tha t  th e stat e o f 
th e lexica l  ne t  jump s t o a  hig h poin t  i n th e energ y landscap e whic h wil l  b e close r  t o th e 
appropriat e microfeatur e minimu m tha n t o an y othe r  minim a i n th e net ;  onl y th e 
microfeature s share d b y th e ol d an d ne w patte m wil l  sta y active . 

A. 

% 

m m 
11 
'';)!i> -Figur e 2 :  A  thre e dimensiona l  idealisatio n o f  a n Energ y landscape .  Th e well s o r 

minim a ar e point s representin g lexica l  entries . 
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(iii) .  Th e relationshi p betwee n th e outsid e worl d an d th e lexico n i n thi s mode l  i s  vi a wor d 
units .  Thes e ma y b e though t  o f  a s bein g lik e th e output s fro m McClellan d an d Rumelhart' s 
(1981 )  interactiv e activatio n model .  Tha r  is ,  i n th e simpl e simulatio n reporte d below ,  th e 
outpu t  fro m th e visua l  feature s o f  a  wor d i s represente d a s a  singl e unit .  Th e associatio n 
betwee n thi s uni t  an d th e graphemi c microfeature s i s learne d usin g th e delt a rule .  A  propert y 
of  thi s learnin g i s tha t  th e weight s fo r  mor e frequentl y presente d stimul i  ar e stronge r  tha n th e 
weight s fo r  les s frequentl y occurrin g stimuli ,  (c. f  Sharkey ,  198 9 fo r  a  discussio n o f 
frequenc y an d learning . 

(iv). The activation values passed between the visual features and the graphemic 
microfeature s ar e incrementa l  an d continuous .  Th e activit y o n a  graphemi c microfeatur e 
affect s th e probabilit y  o f  i t  adoptin g th e + 1 stat e durin g a n updat e i n th e lexicon , 

A SIMULATION OF CONTEXT EFFECTS 

To model the experimental findings, a simulation was conducted for pairs of related words 
suc h a s D O C T O R / N U R S E,  KNIFE/FORK ,  B R E A D / B U T T E R,  D 0 G / 3 0 N E ,  an d 
FOOT/SHOE.  Thi s simulatio n wa s explorator y an d s o te n microfeature s wer e arbitraril y 
assigne d t o eac h wor d i n th e lexicon .  Fou r  o f  thes e represente d graphemi c microfeatures , 
thre e represente d semanti c microfeature s an d th e othe r  thre e represente d situationa l 
microfeatures .  Th e thre e situationa l  microfeature s fo r  eac h wor d wer e share d wit h it s 
associat e e.g .  D O C T OR share d thre e situationa l  microfeature s wit h N U R S E. 

Installing the meanings. The lexical microfeature sets, corresponding to lexical entries, were 
installe d i n th e lexica l  ne t  usin g a n autoassociativ e versio n o f  th e delt a rul e i n combinatio n 
wit h th e puls e mechanis m (Sharkey ,  Sutcliffe ,  &  Wobcke ,  1986) .  Briefly ,  th e lexica l  entrie s 
of  word s wer e collate d a s pattern s o f  microfeatur e activation s t o b e learne d b y th e system . 
The pattern s wer e the n presente d t o th e syste m on e a t  a  time .  Eac h patter n wa s use d t o 
activat e a  se t  o f  input-units .  Th e state s o f  thes e unit s wer e the n propagate d acros s a  se t  o f 
weight s t o produc e value s o n a  se t  o f  output-units .  Thes e outpu t  value s wer e compare d wit h 
th e value s o f  th e correspondin g input-unit s t o produc e a n erro r  vecto r  d ,  wher e 6 i  =  (input -
unit i  -  output-uniti) .  Th e chang e i n weight s betwee n th e input-unit s i s  give n b y A W =  r|di , 
wher e A W i s th e weigh t  chang e matrix ,  h  i s th e learnin g rat e parameter ,  an d i  i s  th e vecto r  o f 
input-uni t  values . 

Once the learning had been completed the system was started in one of two initial states; 
eithe r  (i )  a  stabl e stat e resultin g fro m th e presentatio n o f  a  prim e word ,  o r  (ii )  a n arbitrar y 
stat e resultin g from  th e presenc e o f  a  neutra l  (e.g .  a  ro w o f  Xs) .  A  prim e wor d activate s a  se t 
of  microfeatur e unit s an d set s th e syste m o n a  downwar d descen t  i n th e energ y functio n unti l 
a stabl e minimu m ha s bee n reached .  Thi s minimu m wil l  b e th e lexica l  entr y fo r  th e prim e 
word .  I n contrast ,  whe n th e targe t  i s  precede d b y a  neutra l  instea d o f  a  prime ,  th e resultin g 
startin g stat e wil l  b e arbitrar y (an d i t  ma y no t  b e a  minimu m o f  E) .  Now ,  whe n a  targe t  wor d 
i s presented ,  som e ne w graphemi c unit s ar e activated ,  an d th e syste m begin s t o mov e fro m 
th e curren t  stat e t o a  stat e whic h bes t  fits  th e input . 

Timing predictions. The metric used to derive the time predictions is the distance which must 
be traverse d t o ge t  fro m a n initia l  stat e t o a  targe t  stat e i n th e lexicon ,  wher e distance ,  d ,  i s 
define d a s th e lengt h betwee n tw o point s i n n-dimensiona l  lexica l  space .  T o mak e thi s 
clearer ,  imagin e tw o vector s o f  microfeatur e activation s i n th e lexica l  spac e Ln .  Le t  thes e 
vector s represen t  th e startin g stat e o f  th e syste m s  an d th e require d o r  targe t  stat e r .  The n 
th e distanc e betwee n th e tw o point s s  an d r  i s  give n b y li s  -  rlll/2 ,  wher e lengt h llvl l  =  ( v . 
v)l/2 .  A  majo r  assumptio n o f  th e mode l  i s tha t  th e greate r  th e distanc e fro m a n initia l  stat e t o 
a targe t  state ,  th e longe r  wil l  b e th e recognitio n tim e fo r  a  targe t  word . 

Context effects. The model makes the correct time predictions for context effects because a 
targe t  tha t  share s a  numbe r  o f  microfeature s wit h a  prim e (semanticall y and/o r  situationall y 
related) ,  wil l  b e close r  t o th e prim e tha n a  wor d whic h share s n o feature s (semanticall y an d 
situationall y unrelated) .  Thus ,  b y definition ,  th e stat e resultin g from  presentatio n o f  a  relate d 
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prim e wil l  b e closer ,  i n lexica l  space ,  t o th e targe t  stat e tha n th e stat e resultin g fro m a n 
unrelate d prime .  Figur e 3  plot s distanc e agains t  energ y fo r  tw o pair s o f  word s 
D O C T O R / N U R SE an d D O C T O R / F O R K.  Fo r  simplicit y binar y activatio n ha s bee n use d her e 
and s o th e grap h show s th e energ y o f  th e syste m a s  i t  move s fro m th e initia l  D O C T OR stat e 
t o th e NTURSE an d F O R K states .  Not e tha t  F O R K i s muc h furthe r  fro m D O C T OR tha n 
N U R SE i s an d tha t  ther e i s a  muc h steepe r  ascen t  an d descen t  t o reac h F O R K.  I n th e 
D O C T O R / N U R SE graph ,  th e firs t  circl e indicate s th e stat e o f  th e syste m wit h onl y th e share d 
microfeature s on ,  an d secon d circl e indicate s th e stat e afte r  al l  o f  th e graphemi c 
microfeature s hav e com e o n an d th e puls e mechanis m ha s bee n run .  I f  th e secon d circl e i s 
compare d t o th e circl e o n th e D O C T O R / F O RK graph ,  i t  ca n b e see n tha t  N U R SE i s 
considerabl y close r  tha n F O R K t o th e initia l  stat e ( D O C T O R ) .  Therefore ,  th e N U R SE stat e 
wil l  tak e les s time  t o reach . 

Lexica l  priming .  Thi s simulatio n present s a  ver y simpl e an d entirel y bottom-u p mode l  o f 
lexica l  contex t  effect s i n whic h lexica l  primin g i s a  measur e o f  networ k distanc e fro m a n 
initia l  t o a  decisio n state .  Th e mai n facto r  i n time  t o respon d (e.g .  Lexica l  Decision )  i s th e 
relationshi p betwee n th e targe t  an d th e initia l  stat e o f  th e system .  I t  i s assume d that ,  overall , 
th e targe t  state s ar e furthe r  awa y from  th e arbitrar y Neutra l  stat e tha n from  th e Relate d prim e 
states ;  bu t  th e targe t  state s may ,  o n average ,  b e close r  t o th e Neutra l  state s tha n t o th e 

Unrelate d prim e states . 

Textua l  priming .  I t  wa s show n tha t  textua l  effect s ca n b e produce d b y exactl y th e sam e 

processe s a s th e lexica l  effect s i.e .  throug h share d situationa l  features .  However ,  th e differen t 

onset/offse t  propertie s o f  th e tw o type s o f  primin g resul t  fro m processe s whic h operat e 

externall y t o th e lexicon .  Ther e i s no t  spac e t o delv e int o thes e processe s her e (bu t  se e 

Sharkey ,  1989 b an d i n press) .  Briefly ,  i n readin g text ,  th e primar y ai m i s t o construc t 

meanin g propositions .  I n th e Sharke y (1989b )  model ,  onc e a  propositio n ha s bee n 

constructed ,  i t  activate s a  knowledge-ne t  whic h result s i n a  stabl e stat e o f  situationall y relate d 

propositions .  Thi s stabl e stat e i s maintaine d unti l  cue s fro m th e tex t  indicat e otherwis e 

(Sharke y &  Mitchell ,  1985) .  I n orde r  t o explai n th e sustai n o f  textua l  primin g o n wor d 

decision s i n th e curren t  model ,  th e stabl e stat e i n th e knowledge-ne t  hold s th e situationa l 

microfeature s activ e i n th e lexicon .  Moreover ,  th e tim e take n t o construc t  a  propositio n 

explain s w h y th e onse t  o f  textua l  primin g i s slowe r  tha n lexica l  priming .  Not e tha t  thi s 

minima l  top-dow n vie w i s differen t  from  previou s top-dow n models .  I t  i s  no t  claime d tha t 

particula r  lexica l  item s ar e expected .  No r  ar e particula r  word s o r  visua l  feature s bein g 

anticipated .  O n th e contrary ,  i t  i s onl y th e share d abstrac t  contextua l  propertie s o f 

-s -

-10 -
Energy 

-15 -

-20 -

-30 

IXJCIO ! NUlCi K TOU 
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Figur e 3 :  A  grap h o f  th e movemen t  i n th e lexico n fro m D O C T OR t o N U R SE an d 
fro m D O C T OR t o F O R K.  Thi s i s plotte d a s Distanc e agains t  Energy .  Se e th e tex t 
fo r  a  discussion . 
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word s (th e situationa l  microfeatures )  whic h ar e hel d active .  Thu s th e syste m is ,  i n a  sense , 

predispose d t o receiv e certai n contextua l  classe s o f  words .  Thi s save s o n th e computationa l 

complexit y o f  earlie r  model s an d serve s th e functio n o f  disambiguatin g wor d meanin g 1 . 

However ,  befor e th e utilit y  o f  thi s mode l  ca n b e assessed ,  i t  i s  importan t  t o examin e whethe r 

i t  accuratel y predict s th e interactio n o f  contex t  effect s wit h othe r  variable s suc h a s wor d 

frequenc y an d stimulu s quality . 

Rate of microfeature activation. In order to understand the predictions arising from the model 

on th e combine d effect s o f  wor d frequency ,  context ,  an d stimulu s quality ,  th e w a y i n whic h 

th e rat e o f  graphemi c microfeatur e activatio n affect s movemen t  fro m th e initia l  t o th e targe t 

stat e i s firs t  examined .  A t  tim e to ,  jus t  befor e presentatio n o f  th e target ,  an d therefor e befor e 

any ne w graphemi c unit s hav e bee n activated ,  th e distanc e fro m th e star t  stat e s  t o th e 

require d o r  targe t  stat e r  i s 5  =  li s  -  rlll'̂ .  A t  tim e t̂ ,  th e presentatio n o f  th e targe t  wil l 

activat e th e wor d uni t  vecto r  v ,  an d a t  t 2 thi s activatio n wil l  b e broadcas t  acros s th e weight s 

W usin g th e limitin g functio n L I M I T [ W v ]  =  f ,  wher e f  i s th e vecto r  o f  n e w graphemi c 

microfeatur e activations .  Th e th e graphemi c microfeature s ar e activate d a t  1 3 b y addin g f  t o 

th e initia l  lexica l  vecto r  s .  S o th e n e w stat e o f  th e system ,  befor e updat e a t  14 ,  wil l  b e s  +  f , 

and th e distanc e wil l  n o w b e 6  =  ll( s +  f )  rl l  ̂'̂ -  Thu s th e magnitude ^  o f  th e n e w 

microfeatur e activations ,  f ,  wil l  affec t  th e distanc e move d betwee n th e star t  stat e an d th e 

targe t  states ;  th e greate r  f  th e smalle r  th e differenc e betwee n s  an d r .  Th e proces s describe d 

i n thes e fou r  tim e cycle s continue s t o iterat e unti l  a  stabl e stat e i s attained . 

Stimulus quality and frequency effects. Predictions concerning frequency effects rely on a 

propert y o f  learnin g t o associat e th e visua l  feature s wit h th e graphemi c microfeatures .  I n 

delt a rul e learning ,  th e weight s fo r  mor e frequentl y presente d stimul i  ar e large r  tha n th e 

weight s fo r  les s frequentl y occurrin g stimuli .  N o w ,  a s show n above ,  th e distanc e m o v e d b y 

th e syste m toward s th e targe t  stat e depend s o n th e magnitud e o f  f  whic h i n tur n depend s o n 

tw o factors :  th e structur e o f  th e weight s W an d th e magnitud e o f  wor d uni t  vecto r  v .  Sinc e 

frequenc y i s encode d i n W ,  whe n th e stimulu s qualit y i n v  i s hel d constant ,  lo w frequenc y 

target s taik e longe r  t o maximis e activatio n o n th e graphemi c microfeature s tha n d o hig h 

frequenc y targets .  I n othe r  words ,  th e stronge r  th e connectio n betwee n a  se t  o f  grapheme s 

and thei r  lexica l  representation ,  th e greate r  wil l  b e th e rat e o f  microfeatur e activation .  Thu s 

hig h frequenc y target s wil l  b e responde d t o faste r  tha n lo w frequenc y targets . 

The effect of degrading the quality of a stimulus word is simulated in the model by varying 

th e magnitud e o f  v  whil e holdin g frequency  constant .  I t  shoul d b e clea r  fro m th e abov e 

analysi s tha t  th e smalle r  th e magnitud e o f  v  (stimulu s quality) ,  th e smalle r  th e magnitud e o f  f , 

and consequentl y th e longe r  i t  wil l  tak e t o maximis e activatio n o n th e graphemi c 

microfeatures .  lliu s th e mode l  predict s tha t  degrade d stimul i  wil l  tak e longe r  t o recognise . 

Combined effects of context, frequency and stimulus quality. The model predicts that both 

stimulu s qualit y an d frequenc y wil l  interac t  wit h context .  Thi s i s becaus e th e close r  th e initia l 

stat e s  i s t o th e targe t  stat e r ,  th e les s effec t  th e magnitud e o f  f  wil l  hav e o n th e movemen t  o f 

th e syste m fro m s  t o r .  A n initia l  stat e clos e t o a  targe t  stat e wil l  reac h th e targe t  stat e befor e 

th e microfeatur e activation s hav e bee n maximised .  Becaus e o f  th e natur e o f  update ,  th e 

lexico n wil l  i n effec t  "clea n up "  degrade d stimulus .  Thes e prediction s hav e bee n supporte d 

empirically .  Becke r  an d Killio n (1977 )  an d Becke r  (1979 )  foun d contex t  b y frequenc y 

interactions ,  an d interaction s o f  contex t  an d stimulu s qualit y hav e bee n demonstrate d b y 

Meyer ,  Schvaneveldt ,  an d Rudd y (1975) ,  an d Becke r  an d Killio n (1977) .  Moreover ,  sinc e 

frequenc y an d stimulu s qualit y effect s ar e brough t  abou t  b y change s i n th e magnitud e o f  f , 

our  mode l  predict s a n additiv e effec t  o f  stimulu s qualit y an d frequency .  However , 

demonstration s hav e ha d mixe d results .  S o m e researc h ha s show n frequenc y an d stimulu s 

B̂y derivatio n fro m th e Kawamot o (i n press )  model ,  th e curren t  mode l  ca n als o explai n th e lexica l  ambiguit y 

effect s (c.f .  Sharkey ,  i n press) . 

2For mathematical simplicity, it is assumed here that after initial activation, f does not change direction. 
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qualit y t o b e interactiv e (Stanner ,  Jastrzembski ,  an d Westbrook ,  1975 )  thoug h th e majorit y 
hav e foun d the m t o b e additiv e (Norris ,  1984 ;  Becke r  &  Killion ,  1977) . 

It should be noted that the distance metric has parallels with the older Location Shifting 
model  (e.g .  Meyer ,  Schvaneveld t  &  Ruddy ,  1972 ;  Posne r  &  Snyder ,  1975) .  Bot h model s 
accuratel y predic t  tha t  associativ e primin g effect s ca n b e disrupte d b y th e presentatio n o f  a n 
unrelate d ite m betwee n th e prim e an d th e targe t  (e.g .  Meyer ,  Schvaneveld t  &  Ruddy ,  1972 ; 
Gough,  Alford ,  &  Holly-Wilcox ,  1981 ;  Foss ,  1982 ;  A.J.C .  Sharkey ,  1988) .  I n bot h models, 
an unrelate d intervenin g ite m woul d mov e th e state/locatio n o f  th e syste m t o a  ne w 
state/location .  An d i t  i s thi s ne w state/locatio n whic h woul d b e th e initia l  state/locatio n befor e 
th e presentatio n o f  th e target .  Therefore ,  primin g o f  th e targe t  woul d b e disrupted .  However , 
becaus e w e us e th e computationa l  powe r  o f  a  distribute d representation ,  i t  i s no t  possible ,  a s 
i n Posne r  &  Snyde r  (1975) ,  t o spea k o f  th e locatio n fo r  a  concept ;  i t  ma y shar e meaning s 
wit h othe r  concept s i n mor e tha n on e location .  Instead ,  locatio n i s discusse d mor e abstracd y 
i n term s o f  n-dimensiona l  energ y spac e an d Euclidea n vecto r  distance .  I n addition ,  th e L D 
model  make s predictio n abou t  textua l  primin g whic h woul d no t  b e possibl e fro m th e olde r 
model . 

CONCLUSIONS 

It has been shown how a simple connectionist model can generate accurate predictions for 
bot h lexica l  an d textua l  contex t  effect s an d thei r  interaction s wit h frequenc y an d stimulu s 
quality .  Ther e ar e n o hidde n processe s i n thi s mode l  an d al l  o f  th e association s ar e learned . 
The mode l  provide s a n entirel y bottom-u p accoun t  o f  lexica l  effect s whic h doe s no t  rel y o n 
fas t  spreadin g activatio n t o contextuall y relate d concepts ;  recognitio n threshol d adjustments ; 
plausibilit y  checks ;  o r  shortlis t  search .  Indeed ,  i t  doe s no t  requir e an y specia l  purpos e 
mechanism s t o handl e contex t  effects ;  th e effect s fal l  naturall y ou t  o f  th e norma l  operatio n o f 
th e lexico n durin g access .  I f  th e prim e wor d i s contextuall y relate d t o th e targe t  word ,  i n th e 
restricte d definitio n o f  sharin g microfeatures ,  th e lexico n wil l  hav e les s distanc e t o trave l  i n 
orde r  t o stabilis e o n th e bes t  fittin g lexica l  microfeatures .  Moreover ,  textua l  effect s fal l  ou t  o f 
th e sam e lexica l  processe s a s th e lexica l  effects .  Th e tw o type s o f  primin g diffe r  onl y i n 
processe s tha t  occu r  externall y t o th e lexicon .  Fo r  textua l  priming ,  th e activatio n o f  a 
propositiona l  knowledge-ne t  hold s activ e th e situationa l  microfeature s i n th e lexico n an d thu s 
provide s a  sustai n o f  priming .  Sinc e th e knowledg e ne t  i s mos t  responsiv e t o propositiona l 
input ,  th e tim e take n t o construc t  proposition s account s fo r  th e slo w onse t  o f  textua l  priming . 
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