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Abstrac t 

The effect s o f  repeatin g a  task-irrelevan t  elemen t  an d insert -
in g intervenin g trial s betwee n th e las t  prim e an d th e prob e 
tria l  i n a  negativ e primin g stud y wer e compare d wit h a  stand -
ar d prime/prob e pai r  A n associativ e mode l  base d o n SA C 
(e.g .  Rede r  &  Schunn ,  1996 ;  Schunn ,  Reder ,  Nhouyvanisvong , 
Richards ,  &  Stroffolino ,  1997 )  wa s abl e t o accoun t  fo r  bot h th e 
decreas e i n respons e time s acros s th e repeate d prime s an d th e 
increas e i n respons e time s whe n th e task-irrelevan t  elemen t  be -
came relevant . 

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

Unti l  recently ,  theorie s o f  attentio n hav e focuse d o n th e ob -

jec t  o f  attention .  Thes e theorie s emphasize d th e facilitator y 

"spotlight "  a t  th e cente r  o f  attention ,  an d th e remainin g area s 

of  visua l  spac e wer e largel y ignore d (e.g. ,  Broadbent ,  1958 ; 

Shiffri n &  Schneider ,  1977) .  Ove r  th e pas t  severa l  years , 

however ,  researcher s hav e develope d evidenc e o f  a n inhibit -

or y effec t  o f  attentio n o n object s tha t  fal l  outsid e th e spotlight . 

I n particular ,  i f  som e par t  o f  a  visua l  displa y (eithe r  a n objec t 

or  a  location )  i s t o b e ignore d a t  som e poin t  i n time ,  response s 

t o tha t  sam e ite m (o r  t o on e tha t  i s sufficientl y similar )  wil l 

be inhibite d (i.e. ,  slowe r  o r  les s accurate )  a t  subsequen t  point s 

i n time .  Thi s inhibitor y effec t  o f  ignorin g a n objec t  ha s bee n 

terme d negativ e primin g (Tipper ,  1985) . 

A typica l  negativ e primin g experimen t  consist s o f  pair s o f 

visua l  displays .  Befor e an y stimul i  ar e displayed ,  participant s 

ar e tol d t o respon d t o a  certai n aspec t  o f  eac h visua l  display . 

For  example ,  participant s migh t  b e tol d t o n a m e th e objec t 

show n i n th e cente r  o f  th e displa y an d t o ignor e an y othe r  ob -

jects .  I n th e first  (o r  prime )  displa y o f  eac h negative-primin g 

pair ,  th e importan t  objec t  i s  th e on e tha t  i s t o b e ignored ,  th e 

one that ,  i n thi s example ,  i s  no t  centrall y located .  A s state d 

above ,  whe n thi s objec t  i s presente d i n th e secon d (o r  probe ) 

display ,  i n th e central ,  to-be-attende d location ,  participant s 

ar e slowe r  t o respon d (o r  les s accurate )  relativ e t o a  contro l 

condition . 

Sinc e thi s phenomeno n wa s first  described ,  tw o principa l 

explanation s hav e bee n propose d t o accoun t  fo r  it .  Th e first 

posit s tha t  th e rol e o f  attentio n i n negativ e primin g i s on e o f 

inhibitio n o r  activ e suppression .  O n e varian t  o f  thi s explana -

tio n i s tha t  whe n a n objec t  o r  locatio n i s ignored ,  th e activa -

tio n o f  it s  cognitiv e representatio n i s suppresse d (Neill ,  1979) . 

A secon d varian t  is ,  instead ,  tha t  althoug h th e representatio n 

of  th e ignore d informatio n ca n remai n active ,  tha t  activatio n 

i s kep t  fro m influencin g one' s respons e (Tippe r  &  Cranston , 

1985) .  Thus ,  accordin g t o thes e theories ,  negativ e primin g oc -

cur s becaus e thi s inhibitio n remain s i n forc e fo r  s o m e perio d 

of  tim e afte r  i t  i s invoked .  Herein ,  thi s wil l  b e referre d t o a s 

th e inhibitor y accoun t  o f  negativ e priming . 

Th e secon d candidat e explanatio n i s tha t  negativ e prim -

in g occur s becaus e o f  association s tha t  for m betwee n in -

stance s o f  a  stimulu s an d thei r  subsequen t  response s a s i n Lo -

gan' s (1988 )  instanc e theor y o f  automaticit y (Neil l  &  Valdes , 

1992 ;  Neill ,  Valdes ,  Terry ,  &  Gorfein ,  1992) .  I n thi s case , 

however ,  th e response s i n question  ar e no t  th e over t  response s 

measure d b y th e experimenter ;  the y ar e internal ,  attentiona l 

responses .  A s par t  o f  th e proces s o f  makin g over t  responses , 

however ,  participants '  ar e hypothesize d t o b e makin g interna l 

response s t o focu s attentio n o n th e stimulu s t o whic h the y ar e 

t o respon d an d consequentl y t o ignor e th e irrelevan t  stimulus . 

Accordin g t o th e instanc e theor y o f  automaticity ,  association s 

ar e the n forme d betwee n eac h o f  th e stimul i  an d th e interna l 

response s the y evoked .  O n th e prob e display ,  w h e n th e previ -

ousl y irrelevan t  stimulu s become s relevant ,  i t  trigger s it s asso -

ciated ,  interna l  ignore-response ,  whic h slow s th e over t  nam -

in g response .  Thi s explanatio n wil l  b e referre d t o a s th e atten -

tiona l  associatio n accoun t  o f  negativ e priming . 

If ,  a s i s asserte d i n th e attentiona l  associatio n hypothesis , 

negativ e primin g i s cause d b y association s forme d betwee n 

ignore d stimul i  an d a n interna l  ignore-response ,  the n re -

peate d presentation s o f  a n ignore d stimulu s ove r  tim e shoul d 

strengthe n thes e associations .  Whil e th e ignore-respons e i s 

th e correc t  interna l  response ,  performanc e shoul d improv e 

(i.e. ,  becom e faste r  an d mor e accurate) .  If ,  afte r  repeatedl y 

bein g presente d a s a n irrelevant ,  an d hence ,  to-be-ignore d ele -

ment  o f  th e display ,  a n ite m become s relevant ,  ther e shoul d b e 

substantia l  evidenc e o f  negativ e priming . 

Moreover ,  sinc e long-ter m associativ e m e m o r y deca y ha s 

bee n show n t o b e wel l  describe d b y a  powe r  functio n (e.g. , 

Anderso n &  Schooler ,  1991), ^  whic h predict s considerabl e 

retentio n eve n afte r  fairl y  lon g period s o f  time ,  thes e repeated , 

ignore d item s shoul d provid e evidenc e o f  negativ e primin g 

^Th e functiona l  for m o f  a  powe r  functio n i s  ct~'' ,  wher e c  i s 
th e initia l  leve l  o f  encoding ,  t  i s  th e amoun t  o f  tim e sinc e th e las t 
presentation ,  an d d  i s th e rat e o f  decay .  Powe r  function s sho w a  rel -
ativel y rapi d initia l  declin e followe d b y a  lon g perio d o f  onl y gradua l 
decline . 

327 

mailto:erickson@cmu.edu
mailto:reder@cmu.edu


at  substantia l  delays .  Also ,  i f  th e se t  o f  item s show n ove r 

th e cours e o f  th e experimen t  ar e sufficientl y distinguishable , 

th e inclusio n o f  eve n a  fairl y larg e numbe r  o f  intervenin g tri -

al s betwee n th e las t  prim e tria l  an d th e subsequen t  prob e tria l 

shoul d hav e a  minima l  effect . 

I t  shoul d b e noted ,  however ,  tha t  thes e prediction s depen d 

upo n a  specifi c  associativ e mode l  tha t  wil l  b e describe d below . 

Whil e discussin g thes e sam e issues ,  M a y ,  Kane ,  an d Hashe r 

(1995 )  mad e substantiall y  differen t  predictions ,  bu t  propose d 

no forma l  mode l  o f  associativ e m e m o r y b y whic h thei r  pre -

diction s coul d b e tested . 

I n thi s pape r  w e tes t  thes e prediction s o f  th e associativ e ac -

coun t  o f  negativ e primin g empirically .  Thi s i s th e first  experi -

ment ,  t o ou r  knowledge ,  t o attemp t  t o buil d u p long-ter m asso -

ciation s b y repeate d presentation s o f  a  task-irrelevan t  stimu -

lu s an d tes t  negativ e primin g wit h larg e number s o f  interven -

in g trials .  W e the n propos e a  forma l  candidat e mode l  o f  th e 

theor y an d determin e whethe r  th e mode l  provide s a n adequat e 

accoun t  o f  th e empirica l  data . 

Negative Priming Experiment 

I n thi s experiment ,  participant s wer e presente d wit h 52 0 

visua l  display s (on e pe r  trial) ,  eac h compose d o f  two ,  two -

digi t  number s situate d on e abov e th e other .  I n eac h display , 

one o f  th e number s wa s presente d i n boldfac e an d th e othe r 

i n a n outlin e font .  Th e participants '  tas k wa s t o report ,  a s 

quickl y an d accuratel y a s possible ,  th e fon t  o f  th e numbe r  wit h 

th e smalle r  magnitude .  Participant s m a d e thei r  response s b y 

pressin g on e o f  tw o button s labele d "Bold "  an d "Outline. " 

Th e first  4 0 trials ,  whic h wer e no t  distinguishe d fro m th e re -

mainin g trials ,  wer e practic e trials .  Th e remainin g trial s wer e 

eac h par t  o f  on e o f  thre e differen t  kind s o f  trials :  immediat e 

negativ e prim e sequences ,  delaye d negativ e prim e sequences , 

and contro l  trials . 

Immediat e negativ e prim e (INP )  sequence s consiste d o f  a 

pai r  o f  contiguou s trials ,  th e prim e tria l  an d th e prob e trial .  I n 

thes e trials ,  a  numbe r  selecte d t o b e th e critica l  numbe r  wa s 

presente d a s th e distracto r  (th e greate r  o f  th e tw o numbers )  i n 

th e th e prim e tria l  an d a s th e targe t  (th e lesse r  o f  th e two )  i n th e 

prob e trial .  Eac h participan t  sa w 3 0 IN P sequence s randoml y 

distribute d acros s th e 48 0 non-practic e trials . 

Delaye d negativ e prim e ( D N P )  sequence s consiste d o f  1 7 

non-contiguou s trials .  Fo r  eac h D N P sequence ,  a  numbe r  wa s 

chose n a s th e critica l  numbe r  fo r  tha t  sequence .  Ove r  th e 

cours e o f  first  1 6 trial s i n th e sequence ,  th e critica l  numbe r  wa s 

presente d a s th e distractor .  Althoug h eac h o f  thes e 1 6 prim e 

trial s wa s separate d fro m th e other s b y a t  leas t  on e trial ,  th e 

media n numbe r  o f  intervenin g trial s wa s 10 .  Thes e interven -

in g trial s wer e no t  specia l  i n an y way .  The y containe d ele -

ment s o f  IN P sequences ,  othe r  D N P sequences ,  an d contro l 

trials .  Th e las t  tria l  i n th e sequence ,  th e prob e trial ,  wa s sep -

arate d fro m th e las t  prim e tria l  b y a t  leas t  fou r  intervenin g tri -

als .  Again ,  th e media n numbe r  o f  intervenin g trial s wa s 10 , 

and thes e trial s were ,  again ,  no t  specia l  i n an y way .  Eac h par -

ticipan t  sa w 2 0 D N P sequences .  S o tha t  th e D N P prob e trial s 

woul d no t  al l  b e presente d nea r  th e en d o f  th e experiment ,  1 0 

D NP sequence s conclude d i n th e first  hal f  o f  th e non-practic e 

trials ,  an d 1 0 D N P sequence s conclude d i n th e secon d half . 

I n contro l  trials ,  tw o number s wer e presente d tha t  wer e 

neve r  use d a s critica l  number s i n eithe r  th e IN P o r  D N P se -

quences .  Participant s sa w 8 0 contro l  trial s throughou t  th e 

non-practic e trials . 

Th e position s o f  th e number s an d th e font s i n whic h the y 

wer e displaye d wa s chose n randoml y o n al l  trials ,  so  tha t  eac h 

number  i n eac h pai r  wa s equall y likel y t o b e displaye d i n 

eithe r  fon t  an d i n eithe r  position . 

Eac h tria l  bega n wit h a  fixation  cros s appearin g o n th e 

scree n fo r  50 0 ms .  The n th e fixation  cros s disappeared ,  an d 

th e stimul i  wer e displaye d unti l  a  respons e ke y wa s depressed . 

Immediatel y followin g th e butto n press ,  th e fixation  cros s 

reappeare d t o begi n th e nex t  trial .  Thus ,  th e response-to -

stimulu s interva l  (RSI )  i s  50 0 m s fo r  th e IN P sequences .  Fo r 

th e D N P sequences ,  w e di d no t  measur e th e RSI s directly ,  bu t 

the y ca n b e estimate d t o b e a t  leas t  6  s  an d hav e a  media n o f 

abou t  1 5 s . 

Results and Discussion 

We exclude d th e dat a fro m on e o f  th e 2 9 participant s fro m ou r 

analyses ,  becaus e h e o r  sh e appeare d t o b e reportin g th e fon t 

of  th e greate r  number .  Th e result s ar e summarize d i n Figur e 1 . 

Immediat e Negativ e Primin g Participant s wer e no t  signi -

ficantly  les s accurat e i n thei r  response s t o immediat e negat -

iv e prob e trial s ( M =  .95 )  tha n t o contro l  trial s ( M =  .96) , 

t{27 )  <  l , p > .10 .  The y did ,  however ,  respon d mor e slowl y 

t o immediat e negativ e prob e trial s ( M =  1104) ^  tha n t o con -

tro l  trial s ( M =  1015) ,  t{27 )  =  4.23 ,  p  <  .001 . 

Delaye d Negativ e Primin g Participants '  response s t o 

delaye d negativ e prob e tfials  wer e als o no t  significantl y les s 

accurat e ( M =  .95 )  tha n thei r  response s t o contro l  trial s 

( M =  .96) ,  «(27 )  =  1.06 ,  p  >  .10 .  Onc e again ,  however , 

the y di d respon d mor e slowl y t o delaye d negativ e prob e 

trial s ( M =  1074.61 )  tha n t o contro l  trial s ( M =  1015.18) , 

«(27 )  =  2.38,p<.05 . 

Figur e 1  show s th e effec t  o f  repeate d primin g i n th e delaye d 

negativ e primin g sequences .  I n tha t  figure,  an d fo r  th e ana -

lyse s tha t  follow ,  th e prime s i n th e D N P sequenc e ar e com -

bine d int o group s o f  two .  Fo r  example ,  i n Figur e 1 ,  th e mea n 

of  participants '  media n respons e time s fo r  th e first  an d secon d 

trial s i n th e D N P sequenc e ar e labele d D l .  Thus ,  th e respons e 

time s fo r  th e 1 6 delaye d negativ e prim e trial s ar e represente d 

by 8  group s o f  tw o trial s each . 

A repeate d measures ,  one-wa y a n o v a o f  thes e eigh t 

delaye d negativ e prim e group s indicate d tha t  th e repetitio n o f 

distractor s i n th e D N P sequence s cause d participant s t o re -

spon d mor e rapidl y a s indicate d b y th e first  degre e polynomia l 

^Onl y trial s i n whic h participant s responde d correctl y wer e in -
clude d i n thes e respons e tim e statistics .  Also ,  respons e tim e mean s 
wer e compute d a s th e mea n o f  participan t  median s t o minimiz e th e 
influenc e o f  respons e tim e outliers .  Th e sam e statistica l  result s wer e 
obtaine d usin g a  variet y o f  transformation s an d trimmin g procedures . 
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Figur e 1 :  Th e bes t  fit  o f  th e associativ e mode l  t o th e empirica l 

data .  Th e stimulu s type s D n an d /  denot e delaye d an d i m m e -

diat e negative/?n'/n e trials ,  respectively ,  th e stimulu s type s D P 

and I P denot e delaye d an d immediat e negativ e prob e trials , 

and stimulu s typ e Ctr l  denote s th e contro l  trials .  Erro r  bar s 

indicat e 9 5 % confidenc e interval s aroun d th e m e a n (Loftu s & 

Masson ,  1994) . 

contras t  F ( l ,  27 )  =  40.65 ,  p  <  .001 .  N o othe r  polynomia l 

contras t  wa s significant . 

I n summary ,  th e participant s exhibite d significan t  negativ e 

primin g i n bot h th e I N P an d D N P condition s a s predicted . 

Further ,  repetitio n o f  th e distracto r  i n th e D N P sequence s 

cause d improve d performance . 

An Associative Model of Negative Priming 

The model we propose to account for these data is an instan-

tiatio n o f  th e SA C mode l  o f  memor y (e.g .  Rede r  &  Schunn , 

1996 ;  Schun n e t  al. ,  1997), ^  whic h ma y b e though t  o f  a s a 

generi c semanti c networ k mode l  o f  memor y mos t  closel y re -

semblin g th e declarativ e memor y structur e i n A C T (Ander -

son ,  1983) .  S a c represent s memorie s bot h a s node s wit h 

short -  an d long-ter m strength s an d a s connection s betwee n 

thes e node s wit h short -  an d long-ter m strengths . 

Althoug h w e ar e usin g a n associativ e mode l  t o accoun t  fo r 

thes e data ,  w e d o no t  wis h t o argu e tha t  al l  instance s o f  negat -

iv e primin g ar e du e t o associativ e processe s (Rede r  &  Weber , 

1998) ,  no r  d o w e wis h t o argu e tha t  th e negativ e primin g i n 

thi s experimen t  i s du e solel y t o associativ e processes .  Rather , 

our  goa l  i s t o sho w tha t  a n associativ e mode l  tha t  incorporate s 

principle s tha t  hav e successfull y accounte d fo r  a  substantia l 

number  o f  memor y phenomen a ca n accoun t  fo r  th e dat a fro m 

thi s experiment .  Thus ,  w e ar e providin g convergin g evidenc e 

tha t  associativ e processe s ca n pla y a n importan t  rol e i n negat -

iv e priming . 

At  th e beginnin g o f  eac h simulatio n o f  th e experiment , 

node s representin g al l  th e two-digi t  number s tha t  ar e t o b e 

shown ar e presume d t o exis t  an d t o b e hav e identical ,  long -

ter m (o r  base-level )  activations ,  whic h w e se t  t o 1.0 . 

A node' s base-leve l  activation ,  B^r ,  ma y increas e o r  de -

creas e accordin g t o th e powe r  functio n 

•Bat  =  Ca t  2 J  ̂ ^ 
-d N (1 ) 

wher e c ^  an d d ^  ar e th e growt h an d deca y constant s fo r 

node s an d t j  i s th e tim e sinc e th e I't h presentation .  Thi s func -

tio n describe s bot h power-la w learnin g o f  practice d memor -

ie s an d power-la w deca y o f  memorie s ove r  tim e (Anderso n & 

Schooler ,  1991) . 

I n additio n t o it s long-term ,  base-leve l  activation ,  eac h nod e 

has a  short-ter m activation ,  a^ ,  tha t  decay s exponentially . 

Thi s deca y ma y b e expresse d a s a  proportiona l  decreas e i n 

short-ter m activatio n a t  eac h tim e ste p 

AaN =  -pNdN , (2 ) 

wher e 0  <  P n ^  1  i s th e short-ter m deca y constan t  fo r  nodes . 

T h e curren t  activation .  A ,  o f  eac h nod e i s merel y th e s u m o f 

th e short-ter m an d base-leve l  activation s 

A =  B n -\-aN . (3 ) 

Activatio n spread s betwee n node s vi a links .  Althoug h eac h 

number  nod e migh t  b e expecte d t o hav e m a n y links ,  fo r  th e 

purpose s o f  thi s simulation ,  w e use d jus t  tw o link s pe r  n u m -

ber  node :  on e t o a n atten d respons e an d th e othe r  t o a n ignor e 

response .  Becaus e othe r  aspect s o f  th e experimenta l  tas k wer e 

randomized ,  link s t o aspect s o f  th e task s suc h a s fon t  o r  posi -

tio n woul d no t  hav e m a d e an y differenc e i n th e mola r  predic -

tion s o f  th e model .  Link s t o node s representin g informatio n 

externa l  t o th e task ,  likewise ,  woul d no t  influenc e th e mola r 

prediction s inasmuc h a s th e number s wer e randoml y assigne d 

t o eac h conditio n fo r  eac h participant . 

Th e lin k betwee n a  numbe r  nod e an d a  respons e nod e i s 

strengthene d whe n tha t  respons e i s  evoke d b y th e presenta -

tio n o f  th e number .  Th e lin k wil l  deca y a s tim e passe s afte r 

th e co-activatio n o f  th e tw o nodes .  Lik e nod e activation ,  lin k 

strengt h i s  compose d o f  tw o parts ,  a  long-term ,  base-leve l 

strengt h an d a  short-ter m strength .  T h e long-ter m componen t 

fo r  th e lin k connectin g nod e s  t o nod e r ,  Bi(a,r) ^  change s ac -

cordin g t o th e powe r  functio n 

Bz,(.,̂ )  =  c ^ E ^ ^ ' ^ (4 ) 

wher e c i  an d d t  ar e th e growt h an d deca y constant s fo r  link s 

and t i  i s th e tim e sinc e th e it h co-occurrence . 

Lik e th e short-ter m activatio n o f  a  node ,  th e short-ter m 

strengt h o f  th e lin k connectin g nod e s  t o nod e r ,  a^g, . ) , 

grow s b y bein g incremente d b y a  constan t  amount ,  whic h w e 

chos e t o se t  t o 100 ,  an d decay s exponentially .  I t  i s  incremen -

te d w h e n a  respons e r  i s m a d e t o th e numbe r  represente d b y 

nod e s .  I t  decay s i n proportio n t o it s activatio n a t  eac h tim e 

ste p accordin g t o th e differenc e equatio n 

^Sa c stand s fo r  Sourc e o f  Activatio n Confusion . ^0,L{s,r )  =  -PLO.L(s,r)- , (5 ) 
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w h e r e 0  <  P i  <  1  i s th e short-ter m deca y constan t  fo r  Hnks . 

T h e curren t  strength ,  S^s,r) .  o f  eac h H n k i s th e s u m o f  th e long -

an d short-ter m strength s 

S(s,t )  -  •BL(»,r )  +(̂ L(i,r) - (6 ) 

Increase s i n th e short-ter m activatio n o f  node s occu r  b y tw o 

means.  First ,  whe n a  numbe r  i s presente d o n a  trial ,  tha t 

number' s short-ter m activatio n i s incremente d b y a  constan t 

amount  (whic h w e chos e t o b e 100) ,  presumably ,  b y som e 

perceptua l  proces s outsid e th e model .  Second ,  eac h numbe r 

node' s tota l  activatio n spread s vi a link s t o it s associate d re -

spons e nodes .  Th e amoun t  o f  activatio n tha t  spread s t o eac h 

respons e nod e depend s o n th e tota l  activatio n o f  th e send -

in g nod e an d o n th e relativ e strength s o f  eac h o f  th e sendin g 

node' s links .  Althoug h i n thi s model ,  eac h respons e nod e onl y 

receive d activatio n fro m a  singl e numbe r  node ,  i n general ,  th e 

chang e i n a  respons e nod e r' s short-ter m activation ,  A o r ,  i s 

compute d b y summin g acros s al l  th e node s tha t  sen d activa -

tio n t o i t  accordin g t o th e equatio n 

a -  =  E a , % l . 
T, iS{s^ ) 

(7 ) 

wher e A g i s th e activatio n o f  eac h sendin g nod e a s define d i n 

Equatio n 3 ,  5(,,r )  i s  th e strengt h o f  th e lin k betwee n nod e s 

an d nod e r ,  an d ̂ ,  •S'(s,t )  i s  th e su m o f  th e strength s o f  th e 

link s fro m nod e s  t o an y nod e i ,  bot h a s define d i n Equatio n 6 . 

Becaus e ther e wa s n o effor t  t o systematicall y manipulat e th e 

number  o f  response s associate d wit h eac h numbe r  nod e i n thi s 

experiment ,  thi s normalizatio n o f  lin k strength s i n Equatio n 7 

i s no t  essentia l  t o accoun t  fo r  th e negativ e primin g dat a w e 

obtained .  Nevertheless ,  i t  i s a  ke y elemen t  i n th e mechanis m 

employe d b y Anderso n (1993 )  t o accoun t  fo r  th e phenomeno n 

k n o w n a s th e fa n effec t  (e.g. ,  Anderson ,  1974) .  Hence ,  i t  i s 

importan t  i n othe r  negativ e primin g experiment s tha t  us e stim -

ul i  wit h variabl e number s o f  association s (Erickso n &  Reder , 

1998) . 

Once activatio n ha s sprea d fro m th e numbe r  node s t o th e 

attentional-respons e nodes ,  a  measur e o f  facilitatio n i s com -

pute d b y examinin g th e activatio n o f  th e fou r  respons e node s 

associate d wit h th e tw o number s tha t  wer e presente d o n th e 

curren t  trial .  Recal l  tha t  th e participants '  tas k i s t o repor t  th e 

fon t  o f  th e lesse r  number .  Thei r  performanc e shoul d b e fa -

cilitate d b y th e associativ e system ,  then ,  i f  i t  biase s th e atten -

tiona l  syste m t o atten d t o th e lesse r  numbe r  an d t o ignor e th e 

greate r  number .  Th e associativ e syste m wil l  produc e a  facil -

itator y bia s t o atten d t o th e lesse r  numbe r  t o th e degre e tha t 

th e atten d respons e associate d wit h tha t  numbe r  i s active ;  con -

versely ,  i t  wil l  produc e a n inhibitor y bia s t o th e exten t  tha t  th e 

associate d ignor e respons e i s active .  Thi s m a y b e expresse d 

as 

•fsmal l  =  -i4small,att .  " "  -̂ small.ign. ,  (o ) 

wher e Fsmai i  i s  th e degre e o f  facilitator y bia s fo r  th e lesse r 

number ,  an d Asmaii,att .  an d Asmaii.ign .  ar e th e respectiv e ac -

tivation s o f  th e atten d an d ignor e node s associate d wit h th e 

lesse r  number .  Likewise ,  th e associativ e syste m wil l  produc e 

a facilitator y bia s t o ignor e th e greate r  numbe r  t o th e degre e 

tha t  th e ignor e respons e associate d wit h tha t  numbe r  i s activ e 

and inhibite d t o th e exten t  tha t  th e associate d atten d respons e 

i s active .  Thi s m a y b e expres.se d 

Fiarg e =  ^ 1 arge.ig n - A large,att .  i (9 ) 

wher e Fiarg e i s th e degre e o f  facilitator y bia s fo r  th e greate r 

n u m b e r ,  an d ̂ large.ign .  an d .4|arge,at t  ar e th e respectiv e ac -

tivation s o f  th e ignor e an d atten d node s associate d wit h th e 

greate r  number .  N o t e tha t  thes e "facilitator y biases, "  Fsize , 

whe r e siz e i s eithe r  larg e o r  small ,  m a y tak e o n bot h positiv e 

an d negativ e values .  W h e n Fsiz e <  0 ,  i t  m a y ,  o f  course ,  b e 

though t  o f  a s eithe r  a  "negativ e facilitation "  o r  a n inhibition . 

T h e tota l  a m o u n t  o f  facilitatio n provide d b y th e associativ e 

system ,  Ftotai .  i s th e s u m o f  th e facilitatio n provide d b y th e 

association s wit h eac h n u m b e r ,  Ftota i  =  Fsmai i  +  Farge -  T o 

conver t  tha t  t o th e influenc e o f  th e associativ e syste m o n par -

ticipants '  respons e times ,  Ftota i  w a s simpl y multiplie d b y a 
constant ,  a . 

At  thi s point ,  howeve r ,  th e m o d e l  onl y predict s deviation s 

f ro m s o m e base-lin e respons e time .  W e assum e tha t  ther e ex -

is t  othe r  system s tha t  proces s th e sensor y input ,  compar e th e 

t w o n u m b e r s ,  direc t  attentio n towar d th e lesse r  number ,  accu -

mulat e e n o u g h informatio n t o decid e i n wh ic h fon t  th e lesse r 

n u m b er  i s displayed ,  an d m a k e th e appropriat e response .  Al -

thoug h m o r e detaile d mode l in g o f  thes e system s migh t  be -

c o m e necessar y i f  w e w e r e t o attemp t  t o accoun t  fo r  thes e dat a 

at  a  trial-by-tria l  o r  a  distributiona l  level ,  a t  th e leve l  o f  rep -

resentatio n s h o w n i n Figur e 1 ,  w e ca n m a k e substantia l  sim -

plifyin g assumptions . 

Becaus e ou r  associativ e syste m onl y predict s facilitatio n 

an d inhibitio n aroun d a  base-lin e respons e time ,  w e assume d 

tha t  thes e othe r  system s w e r e responsibl e fo r  generatin g th e 

base-lin e respons e time .  Moreove r ,  becaus e th e dat a w e wer e 

tryin g t o fit  we r e distribute d acros s m a n y trials ,  w e allowe d 

fo r  s o m e systemati c variatio n i n th e base-lin e respons e time s 

ove r  th e cours e o f  th e experiment .  I n particular ,  w e assume d 

tha t  th e base-lin e respons e time s w o u l d decreas e accordin g t o 

th e powe r  la w o f  practic e (e.g .  Newel l  &  Rosenbloom ,  1981) , 

whic h predict s tha t  respons e time s shoul d decreas e ove r  th e 

cours e o f  th e experimen t  accordin g t o th e (now-familiar )  for -

mul a 

Tp =  T o N - \  (10 ) 

wher e T p i s th e respons e tim e fo r  a  give n trial ,  T o i s th e initia l 

respons e time ,  N  i s th e tria l  number ,  an d 7  i s th e rat e a t  whic h 

performanc e time s change . 

We fi t  thi s functio n t o th e mea n o f  participants '  media n re -

spons e time s fro m practic e an d contro l  trial s groupe d int o 1 3 

block s o f  4 0 trials' *  allowin g T q an d 7  t o var y freely .  Th e bes t 

fitting  value s o f  T o =  1486.4 5 an d 7  =  0.0590 ,  yielde d 

r 2 =  .4194 . 

''Althoug h eac h bloc k range d ove r  4 0 trial s total ,  recal l  tha t  onl y 
80/48 0 =  1/ 6 o f  th e non-practic e trial s wer e contro l  trials .  Thus , 
th e expecte d numbe r  o f  trial s pe r  participan t  pe r  bloc k wa s onl y 6.6 . 
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Tabl e 1 :  Paramete r  value s use d t o fit  sa c t o th e negativ e prim -

in g data . 

Paramete r 

a 

cn 
dN 
PN 
cl 
di 
PL 
SSE 
r^ 

Mo 
0.0000 * 

38,884.4 2 

.121 7 

Ml 
0.179 5 

7.5242 * 

0.175 * 

0.1442 * 

1.3235 * 

0.12 * 

0.1442 * 

2,347.0 5 

.899 1 

Eqn. 

11 
1 
1 
2 
4 
4 
5 

Note :  Value s marke d wit h a  *  wer e hel d constant . 

S S E indicate s th e su m square d erro r  betwee n th e 

model  prediction s an d th e empirica l  dat a ove r  1 2 differ -

ent  conditions ,  r ^  indicate s th e square d Pearso n correl -

atio n coefficien t  compute d betwee n mode l  prediction s 
and th e empirica l  data . 

By combinin g thi s fit  o f  th e powe r  la w o f  practic e t o th e 

contro l  tria l  dat a wit h th e predicte d facilitatio n provide d b y 

th e associativ e system ,  th e model' s final  respons e tim e predic -
tio n i s 

R T =  1486.4 5 AT-oosg o ̂  ̂ ^̂ ^̂ ^̂ ^  ^jj ^ 

where RT is the predicted response time, N is the trial num-

ber ,  a  i s th e associativ e syste m scalin g constant ,  an d Ftota i 

i s th e tota l  amoun t  o f  facilitatio n provide d b y th e associativ e 
system . 

Simulations 

Rather than estimate all the parameters in the model freely, 

we converte d one s tha t  ha d appeare d i n th e implementatio n 

of  SA C b y Schun n e t  al .  (1997 )  t o value s appropriat e fo r  th e 

time-scal e i n thi s experiment .  Thi s conversio n wa s neces -

sar y becaus e th e averag e duratio n o f  eac h tria l  i n thei r  exper -

imen t  wa s abou t  15. 5 s  wherea s th e averag e duratio n o f  eac h 

tria l  i n ou r  negativ e primin g experimen t  wa s abou t  1. 5 s .  W e 

set  th e ne w exponentia l  deca y paramete r  fo r  short-ter m lin k 

strengths ,  pi ,  t o b e th e sam e a s th e exponentia l  deca y para -

mete r  fo r  short-ter m nod e activation ,  p ^ ,  fo r  th e sak e o f  parsi -

mony.  Thus ,  althoug h sac' s behavio r  i s governe d b y severa l 

differen t  parameters ,  onl y on e parameter ,  a ,  wa s allowe d t o 

var y i n fitting  th e data .  A s stated ,  th e othe r  parameter s wer e 

previousl y determine d i n a n entirel y differen t  paradigm .  Th e 

paramete r  value s alon g wit h th e equatio n numbe r  wher e the y 

ar e defined ,  an d fit  statistic s ar e show n i n Tabl e 1 . 

We simulate d th e experimen t  b y presentin g th e exac t  sam e 

sequenc e o f  trial s see n b y experimenta l  participant s t o th e 

model .  Thi s i s importan t  bot h becaus e th e interva l  betwee n 

presentation s o f  a  stimulu s influence s th e model' s prediction s 

and becaus e th e predicte d response s time s i n eac h conditio n 

depende d o n th e exac t  positio n o f  eac h tria l  du e t o th e powe r 

la w o f  practice . 

To sho w tha t  th e propose d associativ e syste m base d o n S A C 

was importan t  t o accoun t  fo r  th e data ,  w e fixed  a  =  0. 0 

and ra n th e simulatio n t o evaluat e h o w wel l  th e dat a coul d 

be accounte d fo r  b y th e powe r  la w o f  practic e alone .  Th e 

fit  wa s quit e poor ,  onl y accountin g fo r  1 2 % o f  th e variance . 

Moreover ,  thi s fit  predicte d value s tha t  wer e to o slow ,  o n av -

erag e 40. 3 m s to o slow . 

We the n fit  th e complet e mode l  t o th e dat a b y allowin g q  t o 

var y freel y an d minimizin g th e su m o f  square d erro r  ( S S E ) . 

Th e predicte d respons e time s ar e show n togethe r  wit h th e dat a 

i n Figur e 1 .  Considerin g tha t  thi s fit  onl y adde d a  singl e fre e 

parameter ,  th e improvemen t  i s remarkable .  Th e mode l  ac -

counte d fo r  9 0 % o f  th e varianc e i n th e dat a an d showe d clear , 

qualitativ e negativ e primin g effects . 

General Discussion 

Thi s researc h make s tw o contribution s t o th e negativ e primin g 

literature .  First ,  t o ou r  knowledge ,  thi s  i s th e first  researc h tha t 

has systematicall y manipulate d th e repetitio n o f  a n ignore d 

ite m i n a  negativ e primin g experimen t  an d ha s show n negat -

iv e primin g o f  familia r  stimul i  afte r  th e completio n o f  larg e 

number s o f  intervenin g trial s (u p t o 90) .  Second ,  t o ou r  know -

ledge ,  thi s  i s th e first  attemp t  t o flesh  ou t  a  specific ,  forma l  as -

sociativ e mode l  o f  attentio n tha t  account s fo r  R T pattern s i n 

a negativ e primin g paradig m (cf .  Houghto n &  Tipper ,  1994 ; 

Houghton ,  Tipper ,  Weaver ,  &  Shore ,  1996) . 

Althoug h th e bul k o f  thi s pape r  ha s bee n spen t  describin g 

h o w attentiona l  associatio n ca n accoun t  fo r  negativ e primin g 

data ,  w e reiterat e tha t  w e d o no t  wis h t o clai m tha t  thi s  i s th e 

exclusiv e sourc e o f  negativ e primin g effects .  M u c h a s othe r 

author s hav e describe d (Houghto n e t  al. ,  1996 ;  M a y e t  al. , 

1995 ;  Tippe r  &  Milliken ,  1996) ,  i t  seem s likel y tha t  atten -

tiona l  associatio n an d inhibitio n bot h contribut e t o negativ e 

priming . 

Nevertheless ,  b y combinin g th e result s fro m ou r  empirica l 

stud y wit h a  successfu l  forma l  mode l  o f  th e data ,  w e hav e 

provide d substantia l  evidenc e tha t  associativ e processe s pla y 

an importan t  rol e i n negativ e primin g a s propose d b y Neil l  an d 

hi s colleague s (Neill ,  1979 ;  Neil l  &  Valdes ,  1992 ;  Neil l  e t  al. , 

1992) . 

I n summary ,  w e foun d comparabl e negativ e primin g effect s 

fo r  sequence s o f  bot h immediat e an d delaye d prim e an d prob e 

trials .  Thes e result s wer e compatibl e wit h a n associativ e vie w 

of  negativ e priming .  W e showe d tha t  a n associativ e model ,  a 

varian t  o f  SAC ,  coul d accoun t  fo r  thes e data .  Althoug h w e d o 

not  clai m tha t  thi s mode l  provide s a  complet e accoun t  o f  neg -

ativ e priming ,  w e sugges t  tha t  i t  provide s a n importan t  ste p i n 

th e proces s o f  generatin g forma l  model s o f  thi s phenomenon . 
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