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W o r d P r i m i n g i n A t t r a c t o r  N e t w o r k s * 

Suzann a Becker ,  Marlen e B e h r m a n n an d Morri s Moscovitc h 

The Rotma n Researc h Institute ,  Baycres t  Centr e 

3560 Bathurs t  St . 

Toronto ,  Ontario ,  M 6 A 2E 1 

Abstrac t 
We propos e a  ne w vie w o f  wor d primin g i n attracto r  net -

works ,  whic h involve s deepenin g th e basin s o f  attractio n 

fo r  prime d words .  I n a  networ k tha t  map s fro m ortho -

graphi c t o phonologica l  wor d representation s vi a seman -

tics ,  thi s vie w o f  primin g lead s t o nove l  prediction s abou t 

th e interaction s betwee n orthographicall y and/o r  seman -

ticall y simila r  prime s an d targets ,  whe n compare d o n a n 

orthographi c versu s a  semanti c retrieva l  task .  W e confir m 

thes e prediction s i n compute r  simulation s o f  long-ter m 

primin g i n a  wor d recognitio n network . 

Connectionis t  model s hav e strongl y influence d cur -

ren t  thinkin g abou t  th e natur e o f  h u m a n m e m o r y 
storag e an d retrieva l  processes .  O n e reaso n fo r  thei r 

appea l  i s  tha t  the y ca n accoun t  fo r  a  wid e rang e o f  hu -

m an performanc e o n task s suc h a s wor d recognitio n 

(McClellan d an d Rumelhart ,  1981) ,  readin g (Seiden -

ber g an d McClelland ,  1989) ,  an d repetitio n primin g 

(McClellan d an d Rumelhart ,  1986) .  Further ,  becaus e 

connectionis t  model s mak e relativel y specifi c  assump -
tion s abou t  th e mechanism s o f  cognitiv e processes , 

the y ca n lea d t o nove l  prediction s abou t  h u m a n per -
formance . 

One o f  th e mos t  excitin g development s i n th e las t 
decad e o f  h u m a n m e m o r y researc h i s th e character -

izatio n o f  implici t  m e m o r y (Gra f  & ;  Schacter ,  1985 ; 

Schacter ,  1985) ,  a  for m o f  automatic ,  unconsciou s re -

trieva l  o f  previousl y encountere d material .  A  widel y 

use d experimenta l  metho d fo r  testin g implici t  m e m-

or y i s  repetitio n priming ,  i n whic h th e accurac y o r 

spee d o f  processin g i s  measure d o n successiv e pre -
sentation s o f  a  targe t  stimulus .  Evidenc e o f  implici t 

memory i s  observe d whe n subject s ar e mor e accu -

rat e o r  efficien t  i n respondin g t o previousl y studie d 

target s tha n t o ne w targets .  T h e primin g literatur e 
i s highl y relevan t  t o connectionis t  model s o f  learn -

in g an d m e m o r y fo r  tw o reasons :  1 )  Primin g effect s 

ca n b e extremel y long-lasting ,  rangin g fro m minute s 

t o m a n y hours ,  o r  eve n months ,  an d apparentl y re -

flect  fundamenta l  automati c ("unsupervised" )  learn -

in g processe s employe d b y th e brain .  2 )  W h e n th e 
prim e an d targe t  ar e no t  identical ,  bu t  hav e simila r 

inpu t  and/o r  semanti c features ,  th e primin g effect s 

m ay rang e fro m facilitatio n t o inhibition ;  thes e ef -

fect s ca n she d ligh t  o n th e natur e o f  h u m a n m e m o r y 

organization ,  an d provid e constraint s o n th e repre -

sentation s employe d i n connectionis t  models . 

I n thi s paper ,  w e firs t  revie w th e previou s con -

nectionis t  account s o f  priming .  W e the n propos e a 

ne w vie w o f  wor d primin g i n attracto r  network s wit h 

orthographi c an d semanti c level s o f  representation , 

whic h involve s deepenin g th e basin s o f  attractio n fo r 
prime d words .  Thi s lead s t o som e nove l  prediction s 

abou t  th e interaction s betwee n prime s an d targets , 

whic h w e explor e i n compute r  simulations . 

Short- and long-term priming 

M a ny form s o f  primin g hav e bee n studie d (fo r  re -

views ,  se e Monsel l  (1985) ,  Schacte r  (1987 )  an d 
Richardson-Klaveh n an d Bjor k (1988)) ,  an d severa l 

connectionis t  account s o f  thes e phenomen a hav e al -
read y bee n proposed .  Short-ter m primin g o f  a  wor d 

by a  semanticall y relate d wor d o r  contex t  ca n b e ac -

counte d fo r  b y Masson' s mode l  (1991 )  i n whic h resid -

ual  activatio n fro m th e previou s inpu t  influence s th e 

network' s respons e t o subsequen t  input .  Bavelie r  an d 

Jordan' s mode l  (1993 )  employ s transien t  change s i n 
baselin e activit y an d threshol d level s t o accoun t  fo r  a 

rang e o f  facilitator y an d inhibitor y repetitio n primin g 

effect s (repetitio n blindness ,  maske d an d unmaske d 

priming) .  Thes e model s provid e plausibl e account s 

of  m a n y o f  th e observe d short-ter m primin g effects. ^ 
However ,  longer-ter m primin g (whic h persist s acros s 

'Financia l  suppor t  fo r  thi s researc h i s provide d b y a  gran t 
fron j  th e McDonnell-Pe w Progreu n i n Cognitiv e Neuroscienc e 
(Gran t  numbe r  92-40 )  t o Becke r  an d Moscovitch ,  an d a  Med -
ica l  Resefirc h Counci l  scholarshi p an d operatin g gran t  t o 
Behrmann . 

'Bavelie r  Jin d Jorda n propose d tha t  long-ter m repetitio n 
primin g o f  a  wor d i s du e t o a  long-ter m threshol d reductio n 
fo r  th e appropriat e word-detecto r  unit .  However ,  thi s doe s 
not  accoim t  fo r  long-ter m form-priming . 
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th e presentatio n o f  m a n y intervenin g stimuli )  clearl y 

involve s long-ter m change s i n processing .  I t  i s  thi s 

clas s o f  phenomen a wit h whic h th e curren t  pape r  i s 

concerned . 

Long-term repetition priming 

McClelland smd Rumelhart (1986) proposed a mech-

anis m fo r  long-ter m repetitio n priming .  I n thei r  dis -

tribute d memor y model ,  a  recurren t  networ k o f  unit s 

learn s vi a a n error-correctin g procedur e t o stor e a 

set  o f  trainin g pattern s an d t o perfor m patter n com -

pletion .  Eac h learnin g ste p involve s a  larg e initia l 

chang e i n eac h weigh t  (i n proportio n t o th e erro r  fo r 

tha t  weight) ,  whic h rapidl y decay s dow n t o a  per -

manent  o r  slowl y decayin g smalle r  change .  Thus , 

eac h weigh t  mus t  stor e a  histor y o f  th e change s i t 

has undergon e a s a  functio n o f  eac h patter n i t  ha s re -

centl y seen .  Th e mode l  account s fo r  primin g b y th e 

temporaril y  exaggerate d weigh t  change s o n connec -

tion s t o unit s participatin g i n recently-experience d 

patterns ,  mzikin g thos e pattern s mor e likel y t o b e 

complete d i n th e nea r  future .  A  simila r  mechanis m 

fo r  primin g wa s propose d b y Plau t  (1991 )  t o mode l 

perseveratio n effect s i n opti c aphasia ,  usin g a  combi -
natio n o f  fas t  weight s an d slo w weight s (Hinto n an d 

Plaut ,  1987) .  Shor t  ter m correlation s betwee n unit s 

ar e store d b y one-sho t  learnin g i n th e rapidl y decay -

in g fas t  weights ,  whil e th e lon g ter m knowledg e o f  th e 

networ k i s store d i n th e slo w weights .  ̂  

Similarity-based Priming 

In contrast to repetition priming, in which the prime 

and targe t  stimul i  ar e identical ,  stil l  mor e interest -

in g primin g effect s occu r  whe n th e prim e an d targe t 

stimul i  differ ,  bu t  ar e relate d alon g som e dimension . 

For  example ,  i n form-base d primin g (Forster ,  1987) , 

th e prim e an d targe t  ar e simila r  i n th e inpu t  spac e 

(sharin g orthographi c o r  phonologica l  features )  bu t 

ar e otherwis e unrelated .  Th e model s describe d i n th e 

previou s sectio n provid e fairl y simpl e an d plausibl e 

account s o f  repetitio n priming ,  i n whic h th e sam e in -

pu t  patter n lead s t o mor e rapi d o r  accurat e response s 

upo n repeate d presentations .  However ,  the y mak e n o 

specifi c  prediction s whe n th e prim e an d targe t  stimul i 

m ay b e relate d a t  differen t  level s o f  representation ,  a s 

^  Plaut' s mode l  actuall y employe d tw o differen t  learnin g 
mechanism s fo r  th e tw o set s o f  weights ,  a  Hebb-lik e correla -
tiona l  rul e fo r  th e fas t  weight s an d a  supervise d error-correctin g 
rul e fo r  th e slo w weights . 

i n form-base d primin g versu s semanti c priming. ^  I n 

thi s case ,  stronge r  assumption s mus t  b e m a d e abou t 

th e natur e o f  th e representatio n and/o r  processin g o f 

stimuli . 

Most  o f  th e experimenta l  wor k o n form-base d prim -

in g ha s examine d short-ter m effects .  Suc h effect s 

wer e firs t  reporte d b y Meye r  e t  al. ,  (1974 )  w h o foun d 

faste r  lexica l  decisio n fo r  word s prime d b y ortho -

graphicall y an d phonologicall y simila r  words .  How -

ever ,  subsequen t  attempt s t o replicat e thes e finding s 

hav e produce d a n arra y o f  apparentl y contradictor y 

results .  Forste r  an d Davi s (1991 )  repor t  tha t  facil -

itator y form-primin g occurs  onl y whe n th e prim e i s 

heavil y maske d s o tha t  subject s canno t  identif y it . 

Forste r  e t  al .  (1987 )  foun d orthographi c primin g i n 

visua l  recognitio n o f  8-lette r  bu t  no t  4-lette r  words , 

althoug h fo r  4-lette r  word s wit h unusua l  spellin g pat -

tern s th e effec t  wa s significant .  T h e latte r  effec t 

was accounte d fo r  b y assumin g a n interactiv e activa r 

tio n mode l  o f  wor d recognition .  Residua l  activatio n 

fro m th e prim e presumabl y produce s cross-activatio n 

of  th e targe t  representatio n i f  i t  share s letters ,  bu t 

th e prim e als o exert s inhibitio n o n competin g wor d 

responses .  T h e ne t  effec t  i s  atssume d t o b e mor e 

strongl y inhibitor y fo r  hig h frequenc y words ,  a s the y 

hav e mor e competitors .  Slowiacze k e t  al .  (1992 )  onl y 

foun d facilitator y auditor y primin g whe n th e prim e 

an d targe t  share d on e phonologica l  feature ,  an d foun d 

interferenc e i f  th e overla p increase d fro m on e t o tw o 

features ;  lik e Forste r  e t  al. ,  the y interprete d thes e 

findings  i n term s o f  a n interactiv e activatio n mode l 

of  wor d recognition .  I n th e latte r  case ,  lexica l  inter -

ferenc e betwee n mutuall y inhibitor y wor d represen -

tation s wa s assume d t o occur . 

I n contras t  t o th e abov e experiment s whic h studie d 

short-ter m maske d primin g effects ,  long-ter m form -

base d primin g ha s bee n m u c h les s studied .  Rueck l 

(1990 )  ha s demonstrate d long-ter m effect s i n tachis -

toscopi c recognitio n o f  visuall y presente d words , 

when eac h wor d wa s prime d b y m a n y orthograph -

icall y simila r  words .  Thes e result s wer e interprete d 

usin g McClellan d an d Rumelhart' s  incrementa l  learn -

in g accoun t  o f  long-ter m repetitio n priming ,  com -

bine d wit h th e assumptio n tha t  th e amoun t  o f  form -

primin g shoul d increeis e wit h th e degre e o f  ortho -

graphi c similarit y betwee n prim e an d target .  Rueck l 

als o reporte d bette r  orthographi c primin g fo r  word s 

tha n non-words ;  usin g a  connectionis t  interpretation . 

^But  not e tha t  McClelltui d an d Rumelahar t  di d simulat e a 
for m o f  similarity-base d priming ,  b y testin g wit h nois y version s 
of  th e store d patterns . 
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thi s eflfec t  wa s attribute d t o enhance d activit y i n th e 

orthographi c leve l  o f  representatio n du e t o top-dow n 

suppor t  fro m th e semanti c level . 

Priming in attractor networks 

To th e exten t  tha t  connectionis t  interpretation s hav e 

been invoke d t o accoun t  fo r  primin g effects ,  fo r  th e 

most  par t  the y hav e bee n unimplemented ,  an d base d 

on ver y simpl e networ k model s wit h relativel y con -

straine d pattern s o f  dynami c activity ,  suc h a s Mc -

Clellan d an d Rumelhart' s  (1981 )  interactiv e activa -
tio n mode l  o f  wor d recognition .  Thes e model s pro -

vid e reasonabl e account s o f  basi c repetitio n priming , 

and facilitator y form-base d primin g (whic h presum -

abl y occur s primaril y a t  a  pre-semanti c level) .  How -

ever ,  t o accoun t  fo r  an y potentia l  interaction s be -

twee n semanti c an d lowe r  leve l  (perceptua l  o r  lexical ) 

processing ,  a  mor e sophisticate d wor d representatio n 

i s require d whic h include s a  semanti c level . 

One suc h mode l  o f  wor d recognitio n wa s propose d 

by Hinto n an d Shallic e (1991 )  t o accoun t  fo r  symp -

tom s o f  readin g impairmen t  (dyslexia )  unde r  dam -

age.  Th e networ k wa s traine d wit h th e recurren t 

back-propagatio n learnin g procedur e t o m a p ortho -
graphi c representation s o f  word s ont o distribute d se -

manti c representation s vi a a  laye r  o f  hidde n units , 

wit h th e hel p o f  semanti c "cleanu p units" .  Ther e 

wer e feed-forwar d connection s fro m orthographi c t o 

hidde n units ,  an d reciproca l  feedbac k connection s be -

twee n th e hidde n an d semanti c units ,  th e cleanu p an d 
semanti c units ,  a s wel l  a s withi n th e semanti c layer . 

Usin g thi s architecture ,  Hinto n an d Shallic e propose d 

a rathe r  nove l  vie w o f  th e mechanis m underlyin g wor d 

recognition :  whe n a  wor d i s presente d t o th e networ k 

as a n orthographi c pattern ,  th e networ k graduall y 
settle s int o a  stabl e semanti c representatio n (a n at -

tracto r  state )  onc e i t  ha s recognize d a  word .  T h e cur -

ren t  stat e vecto r  o f  th e inpu t  unit s ca n b e though t  o f 

as a  singl e poin t  i n a  high-dimensiona l  orthographi c 

space ,  havin g dimensionalit y equa l  t o th e numbe r  o f 
inpu t  units .  Likewise ,  th e curren t  stat e vecto r  o f  th e 

semanti c unit s ca n b e though t  o f  a s a  singl e poin t  i n 

semanti c space .  Becaus e ther e i s n o systemati c cor -

respondenc e betwee n orthographi c an d semanti c fea -

tures ,  th e networ k mus t  lear n t o m a p point s whic h ar e 

nearb y i n th e inpu t  stat e spac e ont o muc h mor e dis -
tan t  point s i n th e semanti c stat e space .  I n contrast , 

semanticall y relate d word s ar e typicall y represente d 

by distan t  point s i n orthographi c space ,  bu t  nearb y 

point s i n semanti c spac e becaus e the y shar e m a n y se -

manti c features .  W h e n th e networ k i s damage d (b y 

removin g connection s o r  addin g nois e t o th e weights) , 

th e readin g patter n associate d wit h dee p dyslexi a i s 

observed :  no t  onl y ar e visuall y simila r  word s occa ^ 

sionall y confused ,  bu t  substitutio n error s involvin g 

semanticall y relate d word s ar e als o observed . 

Adoptin g th e Hinton-Shallic e vie w o f  wor d recogni -

tio n lead s u s t o conceptualiz e th e proces s o f  primin g 

rathe r  differently .  W h e n a  wor d i s presente d t o th e 

networ k an d it s orthographi c representatio n i s acti -

vated ,  th e networ k settle s int o a  semanti c attractor . 

Assumin g Rumelhar t  an d McClelland' s vie w o f  long -

ter m primin g i s correct ,  al l  th e connection s partic -

ipatin g i n th e entir e pathwa y betwee n activ e pair s 

of  neuron s shoul d b e strengthened .  Thi s shoul d in -

creas e th e probabilit y  tha t  th e networ k wil l  produc e 

th e sam e respons e whe n give n th e sam e inpu t  patter n 

i n th e futur e (eve n i f  th e patter n i s nois y o r  incom -

plete) ,  b y deepenin g th e atiraciorfo t  thi s pattern .  Be -

caus e th e shap e o f  th e attracto r  basi n ha s n o w bee n 

altered ,  th e network' s response s t o othe r  pattern s 

shoul d als o b e affected .  Smal l  perturbation s i n th e 

inpu t  o r  semanti c stat e o f  th e networ k i n th e vicinit y 

of  thi s attracto r  shoul d b e pulle d mor e strongl y bac k 

t o th e attracto r  state .  Attractor s fo r  semanticall y 

simila r  word s shoul d als o b e deepened ,  i f  the y over -

la p wit h th e prim e alon g m a n y dimensions .  Likewise , 

at  a  pre-semanti c level ,  a  wor d prime d b y a n ortho -

graphicall y relate d wor d shoul d b e recognize d mor e 

quickl y sinc e it s basi n o f  attractio n i n orthographi c 

spac e shoul d als o b e deepened .  O n th e othe r  hand , 
primin g wit h a n orthographicall y simila r  wor d (wit h 

ver y differen t  semantics )  migh t  imped e th e network' s 

abilit y  t o retriev e th e correc t  semanti c representatio n 

fo r  th e targe t  word ;  th e mappin g betwee n orthogra -

ph y t o semantic s havin g bee n altere d b y priming ,  th e 
network' s stat e trajector y int o th e semanti c attraw: -

to r  fo r  th e targe t  wor d shoul d b e distorte d s o tha t 

ther e i s no w a  stronge r  competin g pul l  b y th e se -

manti c attracto r  fo r  th e prime .  W e woul d therefor e 

predic t  mor e error s i n retrievin g th e correc t  seman -

tic s i n th e latte r  condition ,  an d tha t  correc t  retrieva l 

shoul d tak e longe r  fo r  th e target . 

T h e presen t  simulation s wer e conducte d t o tes t  tw o 

hypotheses .  First ,  form-primin g shoul d produc e bot h 

facilitatio n i n (pre-semantic )  wor d recognitio n an d 

inhibitor y primin g o n a  tas k involvin g semanti c re -
trieval .  Althoug h th e latte r  effec t  ha s no t  bee n ex -

amine d i n h u m a n experiments ,  i t  i s a  nove l  predictio n 

generate d b y ou r  vie w o f  priming ,  an d i f  i t  wer e t o 

hol d i n compute r  simulations ,  woul d meri t  furthe r  in -

vestigatio n i n th e laboratory .  Second ,  althoug h long -
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F igu r e 1 :  Th e architectur e o f  th e network .  Arrow s in -
dicat e ful l  connectivit y amongs t  unit s withi n o r  betwee n 
groups .  Ther e wer e 4 0 unit s i n eac h hidde n layer ,  2 8 or -
thographi c units ,  3 3 phonologica l  units ,  an d 6 8 semanti c 
units . 

t e r m semamti c pr imin g ha s no t  bee n foun d o n pur -

porte d "pre-semanti c tasks "  suc h a s lexica l  decision , 

ou r  m o d e l  predict s tha t  w h e n th e pr im e a n d targe t 

wo rd s hav e highl y overlappin g semantics ,  o n a  se -

mant i c retrieva l  task ,  positiv e pr imin g shoul d b e ob -

served . 

Priming experiments 

Th e networ k 

Our experiments were conducted using a slightly 

mor e elaborat e versio n o f  Hinto n an d Shallice' s net -

work ,  pre-traine d o n th e sam e se t  o f  fort y words . 

Plan t  (1991 )  extende d th e Hinton-Shallic e mode l  b y 

addin g a  phonologica l  outpu t  laye r  t o th e network . 

Plan t  als o showe d tha t  a  networ k havin g a  simple r 

architectur e (omittin g th e cleanu p unit s bu t  addin g 

mor e feedbac k connections )  show n i n Figur e 1  coul d 

produc e qualitativel y simila r  behaviou r  whe n traine d 

wit h th e deterministi c Boltzman n machin e ( D B M ) 

learnin g procedur e (Peterso n an d Anderson ,  1987 ) 

rathe r  tha n wit h back-propagation .  Fo r  ou r  experi -

ments ,  w e use d essentiall y  th e sam e networ k a s Plan t 

(Figur e 1) ,  excep t  tha t  eac h uni t  i n th e orthographi c 

an d phonologica l  group s ha d a  self-lin k (i n additio n 

t o within-grou p link s t o eac h othe r  unit) .  I n orde r 

t o b e abl e t o stud y th e network' s pre-semanti c re -

spons e time ,  w e als o use d a  slightl y differen t  m o d e o f 

patter n presentation .  Instea d o f  presentin g a  patter n 

t o th e networ k b y "hard-clamping "  th e state s o f  th e 

orthographi c unit s an d allowin g th e res t  o f  th e net -

wor k t o settle ,  w e use d a  "soft-clampin g procedure " 

i n whic h th e inpu t  valu e fo r  eac h orthographi c uni t 

was treate d a s a n activatio n o n a n extr a incomin g 

connection ,  multiplie d b y a  fixed  weigh t  o f  2.0 .  Th e 

inpu t  unit s wer e thereb y permitte d t o settl e t o stabl e 

state s alon g wit h th e res t  o f  th e network . 

T h e trainin g se t  consiste d o f  th e sam e fort y three -

an d four-lette r  word s use d b y Hinto n an d Shallic e 

(1991) .  Ther e wer e 2 8 orthographi c inpu t  units ,  on e 

fo r  eac h possibl e letter-positio n combination .  Simi -

larly ,  Plant' s phonologica l  outpu t  representatio n con -

siste d o f  3 3 word-position-specifi c  phonemi c features . 

Words wer e groupe d int o fiv e categories :  indoo r  ob -

jects ,  animals ,  bod y parts ,  food s an d outdoo r  ob -

jects .  Th e Hinton-Shallic e semanti c feature s wer e 

chose n s o tha t  word s i n th e sam e categor y ha d con -

siderabl y greate r  overla p o f  semanti c feature s tha n 

word s i n differen t  categories .  Th e networ k wa s first 

traine d fo r  200 0 iteration s exactl y a s describe d b y 

Plan t  (1991 )  usin g th e D B M learnin g procedure , 

wit h hard-clamping .  Th e networ k wa s the n traine d 

an additiona l  150 0 iteration s usin g soft-clampin g i n 

th e negativ e phase ,  wit h nois e adde d t o th e input s 

(wit h mea n zer o an d standar d deviatio n 0.05) ,  an d 

a smalle r  learnin g rat e o f  0.00 5 /  fani n (th e aver -

age numbe r  o f  incomin g connection s t o eac h unit ) 

unti l  i t  learne d t o produc e th e correc t  semanti c an d 

phonologica l  representation s i n respons e t o eac h or -

thographi c inpu t  pattern .  Unit s use d th e hyperboli c 

tangen t  non-linearity ,  an d ha d real-value d continuou s 

activation s rangin g fro m - 1 t o 1 .  N o primin g effect s 

wer e simulate d durin g th e trainin g phase . 

Simulations 

Priming was simulated as proposed by Plant (1991) 

usin g a n extr a se t  o f  correlationa l  "fas t  weights "  (Hin -

to n an d Plaut ,  1987) .  Eac h fas t  weigh t  wa s store d a s 

an extr a valu e o n th e sam e connectio n a s th e corre -

spondin g slo w weight ,  an d thei r  value s wer e adde d 

togethe r  t o produc e a  singl e "ne t  weight "  o n th e con -

nectio n fo r  th e purpos e o f  stat e updates .  Upo n pre -

sentatio n o f  eac h prime ,  th e networ k wa s permitte d 

t o settl e t o a  stabl e state ,  afte r  whic h eac h fas t  weigh t 

was se t  t o th e produc t  o f  th e pre -  an d post-synapti c 

activities ,  multiplie d b y a  constan t  o f  0.0003 .  Th e 

networ k wa s the n presente d wit h a  tes t  pattern ,  an d 

agai n permitte d t o settl e unde r  th e combine d influ -

enc e o f  bot h th e fas t  an d slo w weights .  T o avoi d 

cross-tal k betwee n trials ,  th e fas t  weight s wer e se t 

t o zer o afte r  eac h trial .  Thus ,  th e learnin g rul e fo r 

settin g th e amoun t  o f  primin g o n eac h connectio n i s 

exactl y th e sam e rul e employe d i n th e positiv e phas e 

of  D B M learning ,  excep t  tha t  i t  i s  applie d t o th e fas t 
weights ,  an d it s effec t  decay s t o zer o betwee n prim -

in g trials .  Th e fas t  an d slo w weight s ca n b e though t 

of ,  respectively ,  a s relativel y fast-decayin g an d mor e 

permanen t  component s o f  th e sam e memor y trac e (al -

thoug h fo r  simplicity ,  w e fixed  th e slo w weight s dur -
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in g primin g trials) . 

Th e primin g trial s wer e divide d int o fou r  condi -

tions :  1 )  Identity ,  2 )  Form&Semantic ,  3 )  Semantic , 

and 4 )  Form-base d priming .  I n conditio n 1 )  th e prim e 

and targe t  wer e identica l  (repetitio n priming) ,  an d 

i n th e latte r  thre e the y wer e orthographicall y sim -

ila r  (sharin g tw o o r  mor e letters )  and/o r  semanti -

call y simila x (i.e. ,  the y wer e draw n fro m th e sam e 

semanti c category) .  Eac h o f  th e fort y word s wa s 

teste d whe n prime d wit h ever y othe r  orthographicall y 

and/o r  semanticall y simila r  word ,  an d wit h itself . 

Additionally ,  i n orde r  t o comput e wor d baselin e prim -

in g scores ,  eac h wor d wa s prime d wit h eigh t  unrelate d 

word s (tw o fro m ever y othe r  category) .  Eac h prime -

targe t  combinatio n wa s repeate d te n times ,  wit h dif -

feren t  nois e vector s (uncorrelate d nois e wit h mea n 

zer o an d standar d deviatio n o f  0.01 )  adde d t o th e in -

put .  O n eac h primin g trial ,  tw o measure s wer e taken : 

1)  a  pre-semanti c wor d recognitio n task :  ho w quickl y 

th e orthographi c inpu t  unit s reache d equilibrium ,  an d 

2)  a  semanti c retrieva l  task :  ho w quickl y th e seman -

ti c unit s reache d equilibrium .  A  grou p o f  unit s wa s 

considere d t o hav e reache d equilibriu m whe n n o uni t 

change d it s stat e b y mor e tha n 0.005 .  Reactio n time s 

t o respon d t o target s wer e measure d a s percentage s o f 

averag e wor d baselin e scores ,  accordin g t o th e equa -

tio n F T =  (C 6 - C p ) *  100/C6 ,  wher e C  i s th e numbe r 
of  cycle s t o reac h equilibrium ,  p  subscript s denot e 

post-primin g scores ,  an d 6 s denot e baselin e scores . 

Erro r  rate s wer e als o recorded.' * 

Results 

The error rates were 3% for Identical primes, 31% for 

F o r m & S e m a n t i c primes ,  1 2 % fo r  Semant i c primes , 

an d 3 2 % fo r  F o r m primes .  T h e m e a n percentag e 

change s i n reactio n time s an d correspondin g standar d 

error s o n correc t  trial s fo r  al l  condition s ar e s h o w n i n 

Figur e 2 .  T h e m a i n effect s o f  pr im e typ e an d tes t  typ e 
wer e bot h highl y significan t  ( p <  0.0001) .  Repetitio n 
prime s (identica l  pr ime s an d targets )  ha d b y fa r  th e 

larges t  effect :  ther e w a s consistentl y stron g positiv e 

primin g o n bot h th e pre-semanti c an d semanti c tests . 

I n th e forme r  cas e primin g produce d o n averag e a  7 % 

reductio n i n respons e time ,  an d i n th e latte r  cas e a 
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tw o standar d deviation s o f  th e mea n unprime d pre-senuuiti c  o r 
semanti c reactio n time s (average d ove r  words ,  wit h te n nois y 
presentation s o f  eac h unprime d word) ,  wer e treate d a s error s 
and wer e no t  include d i n th e primin g measures . 
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2 :  Form&Se m 3  :  Semanti c 4 :  For m 1:  Identit y 

F igu r e 2 :  M e a n R T (wit h standar d erro r  bars )  versu s 
pr im e type .  R T i s average d acros s trials ,  an d i s measure d 
as a  percentag e chang e fro m baseline .  A  positiv e m e a n 
R T reflect s a  decreas e i n settlin g time . 

1 6 % reduction . 

T h e interactio n betwee n prim e an d tes t  typ e wa s 
als o highl y significan t  ( p <  0.0001) .  Post-ho c 

Newman-Keul s comparison s o f  th e mean s reveale d 

tha t  fo r  th e first  thre e prim e types ,  ther e wa s sig -

nificantl y greate r  primin g o n th e semanti c tha n th e 

pre-semanti c tes t  { p <  0.001) .  Fo r  For m primes ,  th e 

revers e patter n wa s seen :  m e a n primin g o n th e se -
manti c tes t  wa s negative ,  wit h significantl y greate r 

m e an (positive )  primin g o n th e pre-semanti c tes t 

( p <  0.001) .  Significantl y les s primin g wa s foun d fo r 

Form&Semanti c prime s compare d t o purel y Seman -

ti c prime s o n bot h tasks ,  an d i n fac t  i n th e forme r 

case ,  primin g o n th e pre-semanti c tas k wa s actuall y 

negative . 

Discussion and conclusions 

As predicted, priming with an orthographically sim-

ila r  w o r d w a s foun d t o produc e a n advantag e o n th e 

pre-semanti c tes t  relativ e t o th e semanti c tes t  o n cor -
rec t  trials .  T h e revers e effec t  w a s see n fo r  th e othe r 

thre e pr im e types :  w h e n th e pr im e w a s identiczi l  t o 
or  semanticall y relate d t o th e target ,  positiv e prim -

in g effect s wer e greate r  o n th e semanti c test .  T h e 

m u c h large r  overal l  erro r  rate s fo r  F o r m prime s an d 

F o r m & S e m a n t i c pr ime s indicat e tha t  form-primin g 

impede s th e network' s abilit y t o m a p t o th e correc t 

semanti c attractor . 

S o m e w h at  counter-intuitively ,  w h e n th e pr im e w a s 

relate d t o th e targe t  w o r d i n bot h fo r m an d s e m a n -

tics ,  ther e w a s m u c h les s semanti c primin g tha n fo r 
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purel y semanti c primes ,  an d i n fac t  ther e wa s neg -

ativ e primin g o n th e pre-semanti c tas k i n th e for -

m er  case .  W e conjecture d tha t  th e networ k woul d 

hav e difficult y m a p p i n g word s whic h ar e simila r  a t 

th e inpu t  leve l  ont o correc t  semanti c attractors ;  fur -

ther ,  th e primin g manipulatio n migh t  hav e exacer -

bate d thi s difficult y b y bringin g th e targe t  word' s or -

thographi c attracto r  eve n close r  t o tha t  o f  th e prime . 

I f  th e network' s initia l  condition s i n semanti c spac e 

wer e n o w close r  t o a  blen d o f  tw o competin g seman -

ti c attractors ,  i t  shoul d tak e longe r  t o settle .  Thi s 

explanatio n als o account s fo r  th e hig h overal l  erro r 

rate s fo r  bot h F o r m & S e m a n t i c an d F o r m primes . 

O ur  networ k ha s th e abilit y t o m a p no t  onl y fro m 

orthograph y t o sem8intic s t o phonology ,  bu t  als o t o d o 

th e revers e mapp ing ;  i n futur e work ,  thi s wil l  allo w u s 

t o investigat e whethe r  ther e i s cross-moda l  transfe r  i n 

th e VEiriou s primin g effect s w e hav e described . 

O ur  simulation s m a k e s o m e nove l  prediction s 

abou t  h u m a n performanc e unde r  th e variou s prim -

in g conditions .  W e ar e currentl y investigatin g th e 

questio n o f  whethe r  h u m a n subject s woul d exhibi t 

qualitativel y simila r  interactio n effect s o f  tes t  typ e 

an d pr im e type . 

Previou s connectionist  account s o f  primin g hav e 

relie d almos t  solel y upo n th e interactiv e activatio n 

model  o f  wor d perceptio n (McClellan d an d Rume l -

hart ,  1981 )  t o explai n inhibitor y primin g effect s (as -

sumin g mutua l  inhibitio n betwee n competin g wor d 

detectors) .  W e hav e propose d a  differen t  vie w o f 

priming ,  base d o n th e Hinton-Shallic e mode l  o f  wor d 

recognitio n a s a  proces s o f  settlin g int o a n attracto r 

i n semanti c space .  W e hav e adde d t o thi s mode l  th e 

abilit y t o simultaneousl y settl e t o a  stabl e interpre -

tatio n i n orthographi c space .  Thi s combine d mode l 

appear s t o hav e predictiv e power ,  an d warrant s fur -

the r  investigation . 
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