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A Connectionis t  Investigatio n o f  Developmenta l  Effect s i n Stroo p Interferenc e 

Philip .  J .  Rudlin g (p .  j  .  rudling@exeter.ac.uk ) 
Departmen t  o f  Psychology ,  Universit y  o f  Exeter , 

Perr y Rd ,  Exeter ,  EX 4 4QG,  UK . 

Denis Marescbai (d.inaresctial@exeter.ac.uk)^ 
Departmen t  o f  Psychology ,  Universit y  o f  Exeter , 

Perr y Rd ,  Exeter ,  EX 4 4QG,  UK . 

Abstrac t 

When naming the ink color of color words, adults and chil-
dre n sho w Stroo p interferenc e (Stroo p 1935) .  Cohen ,  Dunba r 
and McClellan d (1990 )  produce d a  connectionis t  mode l  tha t 
accounte d fo r  man y o f  th e Stroo p phenomen a withi n adults . 
Thi s pape r  show s ho w th e paradig m ca n b e extende d t o sho w 
th e developmen t  o f  th e interferenc e i n childre n a s the y lea m 
t o read .  W e trai n a  networ k takin g int o accoun t  th e amoun t  o f 
readin g practic e an d attentiona l  skill s  tha t  woul d befi t  a 
youn g chil d t o giv e a  predictio n o f  th e developmen t  o f  th e 
Stroo p effect .  Thes e prediction s ar e the n teste d usin g a  pic -
ture-namin g Stroo p stud y wit h tw o group s o f  8  yea r  old s o f 
differin g readin g ability .  Th e result s suppor t  th e model ,  sug -
gestin g childre n initiall y  sho w revers e Stroo p interferenc e 
tha t  wit h practic e become s norma l  Stroo p interference . 

Introduction 

Thi s pape r  explore s whethe r  a  connectionis t  mode l  ca n 

accoun t  fo r  developmenta l  phenomen a i n th e classi c Stroo p 

interferenc e tas k (Stroo p 1935) .  Cohen ,  Dunba r  an d 

McClellan d (1990 )  describ e a  connectionis t  mode l  tha t  ac -

count s fo r  muc h o f  th e Stroo p relate d phenomena .  Thi s in -

clude s th e emergenc e o f  interferenc e a s a  resul t  o f  learning . 

A behavio r  tha t  require d attentiona l  contro l  become s mor e 

automati c throug h learnin g an d interfere s wit h les s wel l 

leame d tasks .  Althoug h th e mode l  account s fo r  m a n y as -

pect s o f  reading/colo r  namin g interferenc e i n adults ,  i t  i s no t 

clea r  tha t  i t  adequatel y model s th e developmen t  o f  Stroo p 

interferenc e durin g childhoo d (i.e. ,  a s th e chil d learn s t o 

read )  becaus e i t  doe s no t  tak e int o accoun t  change s i n in -

formatio n processin g capacit y tha t  occu r  durin g childhood . 

One can make a distinction between learning and devel-

opment  (e.g. ,  Liben ,  1987 ;  Boden ,  1989) .  Developmen t 

involve s a  chang e i n processin g capacit y o f  a  cognitiv e 

system .  Thi s m a y includ e a n increas e i n representationa l 

capacit y o r  simpl y a  chang e i n th e efficienc y o f  th e infor -

matio n processin g system .  I t  i s  generall y believe d t o b e 

maturationall y controlle d o r  a t  leas t  strongl y dependen t  o n 

interna l  processes .  A t  a  biologica l  level ,  th e initia l  burs t  o f 

synaptogenesi s betwee n 0  an d 2  year s o f  ag e mark s a  devel -

opmenta l  o r  "experience-expectant "  proces s (Greenough , 

Black ,  &  Wallace ,  1987) .  Thi s i s a  maturationa l  controlle d 

proces s b y whic h n e w structure s (ne w connections )  ar e be -

in g pu t  i n plac e t o enabl e comple x learnin g t o tak e place .  A t 

a behaviora l  leve l  i n children ,  thi s migh t  manifes t  itsel f  i n 

term s o f  increase s i n processin g speed ,  bette r  contro l  o f 

attention ,  o r  bette r  contro l  o f  m e m o r y (Weiner t  an d Schnei -

der ,  1995) . 

Learning involves tuning existing structures in response 

t o idiosyncrati c environmenta l  pressures .  Thi s m a y involv e 

developin g n e w interna l  representation s o f  a  proble m o r 

buildin g associativ e link s i n memory .  A t  a  biologica l  level , 

th e tunin g o f  synapse s i n respons e t o neura l  activit y mark s a 

learnin g o r  "experience-dependant "  proces s (Greenough , 

Black ,  &  Wallace ,  1987) .  I t  i s  a  proces s tha t  i s  predomi -

nantl y dependen t  o n th e environmen t  an d wil l  var y from 

individua l  t o individua l  dependin g o n experience .  A t  a  be -

haviora l  leve l  i n childre n thi s migh t  manifes t  itsel f  i n term s 

of  difference s i n factua l  knowledg e o f  colo r  name s o r  read -

in g ability . 

The picture of Stroop interference painted by MacLeod 

and Dunba r  (1988 )  i s  consisten t  wit h a  learnin g account . 

The y repor t  o n experiment s showin g th e continuou s natur e 

of  automaticit y an d it s dependenc y o n th e learnin g experi -

ence .  Thi s accoun t  form s th e basi s o f  th e Cohe n e t  a l  model . 

However ,  durin g earl y childhoo d m u c h mor e i s goin g on . 

Whil e simpl e task s lik e readin g o r  colo r  namin g ar e bein g 

leamed ,  th e chil d i s developin g alon g a  whol e hos t  o f  di -

mension s tha t  m a y affec t  th e performanc e o f  readin g an d 

colo r  naming .  Suc h dimension s includ e th e abilit y t o sup -

pres s erroneou s response s (inhibitio n o f  response )  o r  th e 

abilit y t o atten d t o a  tas k fo r  longe r  period s o f  tim e (fo -

cusse d attention) . 

The purpose of this paper is to adapt the Cohen el al. 

model  b y incorporatin g som e developmenta l  change s i n 

'  N o w a t  th e Departmen t  o f  Psychology ,  Birkbec k College ,  Universot y o f  London ,  Male t  St .  London ,  W C I E 7HX ,  Uk . 
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Gerstadt ,  Hong ,  an d D iamon d (1994 )  use d a  simpl e counter -

factua l  pictur e tas k t o tes t  Stroo p interferenc e i n ver y youn g 

children .  The y foun d tha t  childre n unde r  th e ag e o f  6  coul d 

remember  th e counterfactua l  rule s o f  th e tas k bu t  faile d t o 

inhibi t  th e wron g respons e durin g testing .  Thi s wa s ac -

counte d fo r  b y appealin g t o th e developmen t  o f  focusse d 

and sustaine d attentio n durin g childhood .  A  purel y learnin g 

model  o f  th e Stroo p effec t  woul d b e vali d fo r  adult s o r  pos -

sibl y olde r  childre n a s th e processe s underlying  th e acquisi -

tio n o f  n e w skill s  ar e relativel y stable .  I n contrast ,  a  devel -

opmenta l  mode l  mus t  tak e accoun t  o f  othe r  change s tha t  ar e 

occurrin g i n children . 

Thi s aspec t  o f  developmen t  wa s modele d b y blurrin g th e 

activatio n o n th e tas k nod e i n a  grade d fashio n o n th e test -

in g trials ;  i.e .  simulatin g tas k confusio n i n earl y networks . 

As wit h Gerstad t  e t  a/' s  younge r  children ,  th e networ k i s 

capabl e o f  completin g th e task s i n contro l  condition s (i.e . 

th e trainin g set )  bu t  finds  i t  difficul t  t o carr y ou t  th e re -

spons e i n th e testin g pheise .  Th e networ k wa s traine d with -

out  addin g nois e t o th e input s bu t  teste d wit h th e additio n o f 

noise .  Th e followin g testin g regim e wa s devise d t o captur e 

th e developmen t  o f  focusse d an d sustaine d attention :  a t  1 0 

epoch s 5 0 % rando m nois e wa s adde d (value s rangin g be -

twee n 0.7 5 t o 1.25) ,  afte r  2 5 epoch s tes t  wit h 1 0 % nois e 

(0.9 5 t o 1.05 )  an d a t  4 0 epoch s n o nois e wa s added . 

10 Epoch s 

•Name 
•Read 

contro l  conflic t  congruen t 

25 Epoch s 
1 -

a. 
LU 
0.5 -

o5 

40 Epoch s 

,~„,„ i  ^^,1. ^  ,  ,  contro l  conflic t  congruen t 
contro l  conflic t  congruen t  ^ 

Figur e 3 :  Th e developin g networ k result s 

Figure 3 shows the performance of the new model (av-

erage d ove r  n=1 0 differen t  networks) .  Thes e network s wer e 

ru n wit h th e sam e learnin g rate ,  m o m e n t u m ,  an d initia l 

weigh t  rang e a s th e replicatio n model s above .  Thes e simu -

lation s sho w a  progressio n from  a  revers e Stroo p effec t 

patter n t o th e mor e usua l  Stroo p profile .  Tha t  is ,  ther e i s a n 

initia l  perio d i n whic h readin g i s slowe r  tha n namin g (i.e. , 

erro r  fo r  readin g i s highe r  tha n erro r  fo r  naming )  an d nam -

in g interfere s wit h reading .  Althoug h a t  1 0 epoch s ther e i s a 

larg e amoun t  o f  erro r  i n bot h tas k responses ,  ther e i s a  sligh t 

amount  o f  interferenc e i n th e conflic t  condition s an d posi -

tiv e interferenc e o n congruen t  trials .  (Thi s interferenc e ca n 

be increase d i f  les s nois e i s  adde d t o th e tas k deman d 

nodes) .  B y 2 5 epoch s th e classi c Stroo p profil e i s apparent . 

Furthe r  trainin g jus t  bring s bot h erro r  curve s lowe r  whil e 

preservin g th e shap e o f  th e interaction . 

The model makes a strong prediction. It suggests that, in 

children ,  th e developmen t  o f  Stroo p interferenc e wil l  first 

pas s throug h a  phas e o f  revers e interferenc e befor e shiftin g 

t o th e classi c interferenc e curv e a s children' s readin g be -

comes mor e automate d wit h practice .  Th e revers e interfer -

enc e shoul d b e foun d i n poo r  reader s o f  a  younge r  ag e (i.e. , 

whos e informatio n processin g capacit y m a y b e laggin g be -

hin d tha t  o f  olde r  children) . 

Testing the Model's Predictions 

The followin g pictur e namin g Stroo p stud y wa s carrie d 

out  t o tes t  th e model' s predictions .  A  pictur e namin g rathe r 

tha n a  colo r  namin g tas k wa s use d i n orde r  t o increas e th e 

rang e o f  stimul i  tha t  coul d b e presented .  Thi s ensure d tha t 

th e younge r  xihildre n woul d maintai n thei r  attentio n o n th e 

tas k longe r 

Participants :  Forty-fiv e norma l  health y childre n wer e 

teste d (1 5 male ,  3 0 female) .  The y cam e from  tw o primar y 

school s i n Exeter ,  U K .  Th e childre n wer e separate d int o tw o 

group s accordin g t o thei r  readin g abilitie s (media n split) . 

Thos e wit h a  Britis h Abilit y  Readin g Scal e ( B A R S )  scor e 

les s tha n 12 0 (2 2 children )  an d thos e scorin g mor e tha n 12 2 

(2 2 children) .  Grou p 1  (poore r  readers )  ha d a  mea n ag e o f 

7. 8 year s an d readin g scor e 8 2 (standar d deviatio n o f  18) , 

grou p 2  (bette r  readers )  ha d mea n age s an d readin g score s 

of  8. 5 an d 15 8 (standar d deviatio n 21 )  respectively .  On e 

chil d wa s unabl e t o rea d wel l  enoug h t o complet e th e exer -

cise .  Not e tha t  th e tw o group s differe d i n ag e b y abou t  1 

yea r  (t42=3.40 3 p<.01 )  providin g scop e fo r  change s i n se -

lectiv e attentio n an d no t  jus t  readin g ability . 

Materials: The experiment was carried out using A4 

card s wit h stimul i  printe d o n them .  Thes e wer e hel d i n a 

ring-boun d folder .  Eac h shee t  hel d si x stimul i  ( 3 b y 2  land -

scap e orientation )  containin g picture s an d labels .  Ther e 

wer e 10 8 stimulu s picture/word s (an d a  furthe r  6  practic e 

items) .  Th e word s wer e take n from  a  popula r  Britis h child' s 

boo k " M y first  100 0 word s i n English" .  Th e object s cam e 

from  6  broa d categories ,  an d eac h car d containe d a n ite m 

from  eac h o f  thes e categories ;  far m animals,  food ,  house -

hol d objects ,  zo o animals ,  transpor t  an d children' s objects . 

Each ite m selecte d ha d a  simpl e phoneti c nam e unde r  eigh t 

letter s lon g an d a  prototypica l  colo r  pictur e take n from  a 
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informatio n processing .  Th e adapte d mode l  i s the n teste d 

agains t  children' s performanc e o n a  Stroo p interferenc e 

task .  Th e resul t  o f  thi s pape r  unfold s a s follows .  First ,  th e 

Stroo p literatur e i s briefl y reviewe d wit h a n ey e o n devel -

opmenta l  effects .  Nex t  th e Cohe n e t  al .  mode l  i s describe d 

and th e result s replicated .  Thi s mode l  i s  the n adapte d t o tak e 

accoun t  o f  informatio n processin g change s i n childhood . 

The ne w mode l  make s a n explici t  predictio n o f  reverse d 

Stroo p interferenc e i n earl y childhood .  Th e predictio n i s 

teste d an d th e implication s o f  th e ne w mode l  fo r  under -

standin g connectionis t  model s o f  developmen t  ar e dis -

cussed . 

Stroop Interference in Children 

The Stroo p effec t  concern s th e non-symmetrica l  inter -

ferenc e o f  a n automati c proces s o n a  controlle d process .  Fo r 

example ,  i f  th e instructio n give n i s t o nam e th e in k colo r 

(red )  an d th e wor d spell s "green" ,  namin g tha t  in k colo r  ca n 

tak e significantl y longe r  tha n a  contro l  colo r  namin g condi -

tion .  Thi s interferenc e i s no t  presen t  whe n readin g a  wor d i n 

an incongruen t  in k colo r  (althoug h Stroo p di d acknowledg e 

th e existenc e o f  suc h interferenc e i n specia l  circumstances ; 

thi s i s  know n a s th e revers e Stroo p effect) .  Ther e hav e bee n 

many othe r  Stroo p typ e interferenc e phenomen a (fo r  exam -

pl e Picture-Wor d interferenc e b y Dyer ,  1973 )  tha t  ca n al l  b e 

describe d b y thi s automatic/controlle d proces s explanation . 

(Se e MacLeo d 199 0 fo r  a  detaile d revie w o f  th e Stroo p lit -

erature) . 

Withi n th e empirica l  literature ,  th e developmenta l  as -

pect s o f  th e Stroo p effec t  hav e bee n reasonabl y wel l  docu -

mented .  Th e mai n finding  i s tha t  thi s interferenc e i s appar -

ent  fro m a n earl y ag e an d quickl y reache s a  m a x i m u m afte r 

tw o o r  thre e year s schooling .  Thi s leve l  o f  interferenc e the n 

fall s slightly ,  thoug h remain s highl y significan t  throughou t 

adul t  lif e unti l  ol d ag e whe n interferenc e increase s agai n 

(MacLeo d 1990 ,  Ehr i  an d Wilc e 1979) .  Th e sam e patter n i s 

tru e o f  th e pictur e namin g Stroo p analogu e (Ehr i  1976) .  I t 

has als o bee n notice d tha t  poo r  (i.e .  younger )  reader s sho w 

littl e interferenc e althoug h earl y o n i n thei r  development , 

and suggeste d tha t  childre n m a y pas s thoug h a  "reverse " 

Stroo p effec t  phas e whe n presente d wit h a  simplifie d Stroo p 

typ e tas k (Arochov a 1971) .  Give n tha t  th e mor e automati c 

(practised )  proces s interfere s wit h th e controlle d proces s 

and th e fac t  tha t  childre n ca n colo r  nam e quit e accuratel y 

befor e the y lear n t o read ,  i t  seem s reasonabl e t o sugges t 

that ,  whe n a  chil d first  learn s t o read ,  colo r  namin g i s th e 

more automati c proces s an d therefor e give s ris e t o a  revers e 

Stroo p effect .  Finally ,  Corbit t  (1978 )  showe d tha t  th e 

amount  o f  interferenc e wa s relate d t o th e readin g abilit y  an d 

not  jus t  th e chronologica l  ag e pe r  se . 

Th e Cohen ,  D u n b a r  an d McClellan d Mode l 

The mode l  employe d b y Cohe n e t  a l  consiste d o f  inter -

connecte d node s i n thre e layers .  Th e inpu t  laye r  containe d 

node s representin g th e colo r  o f  wor d an d conten t  o f  th e 

wor d (i.e .  re d an d green )  an d tw o tas k node s tha t  informe d 

th e networ k o f  th e tas k t o b e carrie d ou t  (rea d th e wor d o r 

name th e color) .  Th e outpu t  laye r  containe d tw o nodes ,  on e 

fo r  th e outpu t  "red" ,  th e othe r  "green" .  Betwee n th e inpu t 

and outpu t  node s ther e i s a  hidde n laye r  o f  node s organize d 

as tw o tas k pathway s (colo r  namin g an d wor d reading )  fo r 

th e color s re d an d green .  Th e architectur e i s show n i n Fig -

ur e I .  Not e tha t  thi s networ k coul d b e employe d fo r  an y tw o 

conflictin g tasks ,  fo r  exampl e th e picture-wor d Stroo p task . 

The networ k wa s the n traine d o n readin g an d colo r  namin g 

task s a t  a  rati o o f  10: 1 (reflectin g th e fac t  tha t  w e rea d mor e 

ofte n tha n w e nam e colors) . 

"Red "  "Green " 

O u t p u t 

Hiildei i 

I npu t s 

Red Gree n 
Colou r 
N a m mg 

Red Gree n 
W o rd 
Readin g 

Figur e 1 :  Th e Networ k Architectur e 

The model makes a number of simplifications. Two of 

thes e ar e architectura l  assumptions .  Firs t  o f  all ,  thi s i s a 

feed-forwar d backpropagatio n model ;  informatio n flows 

one wa y (fro m inpu t  t o output) .  I t  m a y b e mor e realisti c t o 

loo k a t  a  recurren t  typ e architectur e wher e th e outpu t  m a y 

influenc e th e respons e o f  followin g decisions .  Secondly ,  i t 

i s  assume d th e outpu t  o f  suc h a  mode l  ca n b e translate d int o 

reactio n tim e dat a comparabl e t o tha t  i n empirica l  studies . 

To conver t  thes e outpu t  activation s int o reactio n times , 

Cohen e t  a l  us e a  metho d o f  addin g smal l  amount s o f  sto -

chasti c nois e t o th e actua l  output s t o driv e the m toward s a 

targe t  output .  Th e numbe r  o f  cycle s require d t o d o thi s i s 

mapped ont o reactio n times . 

T wo furthe r  assumption s tha t  reflec t  th e authors '  belief s 

abou t  th e natur e o f  th e tas k ar e buil t  int o th e network .  First , 

th e weight s fro m th e "task "  unit s t o th e hidde n laye r 

weight s ar e fixed.  Th e ide a i s t o ensur e tha t  th e tas k de -

mands remai n clear ;  i.e .  onl y th e tas k tha t  i s bein g de -

manded (readin g o r  colo r  naming )  ha s an y impac t  o n th e 

hidde n units ,  an d tha t  impac t  i s alway s constant .  Secondly , 

althoug h th e weight s ar e initiall y  randomized ,  th e weight s 

betwee n th e inpu t  unit s an d th e hidde n laye r  ar e se t  deliber -

atel y large r  tha n th e weight s fro m th e hidde n laye r  t o outpu t 
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units .  Thi s capture s th e assumptio n tha t  w h e n childre n lear n 

t o rea d an d first  encounte r  th e Stroo p typ e situations ,  the y 

hav e lon g sinc e acquire d s o m e representatio n o f  th e stimul i 

(e.g. ,  a  colo r  o r  a  word )  an d ar e primaril y learnin g th e re -

spons e tas k (embodie d i n th e hidde n uni t  t o outpu t  laye r 

weights) . 

The aims within the next two sections are to: (1) repli-

cat e th e C o h e n e t  al .  Model ,  (2 )  adap t  th e mode l  b y provid -

in g a  trainin g se t  wit h a n increasin g vocabulary ,  an d (3 ) 

adap t  th e mode l  t o captur e change s i n focusse d attentio n 

an d inhibitio n o f  respons e durin g childhood . 

Replicating the Cohen el aL Model 

Th e networ k (Figur e 1 )  w a s initiall y  se t  u p exactl y a s 

state d i n th e Cohe n e t  a l  paper ;  includin g th e initia l  ran -

domisin g o f  weight s (wit h hidde n t o outpu t  weight s weake r 

tha n inpu t  t o hidde n weights) ,  an d wit h th e tas k selectio n 

weight s fixed.  T h e networ k w a s the n traine d wit h th e rati o 

o f  readin g item s t o namin g item s a t  10:1 .  Afte r  trainin g fo r 

100 0 epoch s (learnin g rate=0.3 ,  momen tum=0 .3 ) ,  th e net -

wor k w a s teste d wit h 1 2 item s fo r  bot h th e readin g an d 

namin g task s i n th e control ,  conflictin g an d congruen t  con -

ditions . 

Simulatio n Dat a 

1 T 

Empirica l  Dat a 

a:  0. 5 

contro l  conf w congruen t contro l  conflic t  congruen t 

Figur e 2 :  C o m p a r i n g simulatio n result s wit h empirica l 

stud y data . 

Cohen et al. used a stochastic iterative method to con-

ver t  erro r  score s int o reactio n times .  Thi s aspec t  o f  th e 

origina l  m o d e l  ha s bee n criticize d b y M e h w o r t ,  Braun ,  an d 

Heathcot e (1992 )  becaus e i t  fail s t o captur e th e distributio n 

o f  reactio n time s i n rea l  subjects .  Hence ,  w e di d no t  imple -

m e nt  thi s par t  o f  th e mode l .  Reactio n time s ar e assume d t o 

b e linearl y relate d t o erro r  score s (c f  Seidenbur g an d 

McClel land ,  1989 ;  fo r  a  simila r  assumption) .  I n mode l s 

wit h t w o outpu t  unit s (suc h a s thi s  one) ,  a  winne r  tak e al l 

constrain t  satisfactio n m e c h a n i s m s tha t  add s a  constan t 

a m o u nt  t o eac h outpu t  uni t  pe r  cycl e w o u l d tak e a  n u m b e r 

o f  cycle s proportiona l  t o th e absolut e erro r  t o reac h equilib -

r iu m (Fe ldma n an d Ballard ,  1982) .  I n th e result s be low ,  w e 

repor t  th e absolut e erro r  o f  th e networ k (th e absolut e valu e 

o f  th e differenc e be twee n th e targe t  an d output )  an d s h o w 

tha t  ther e i s a  qualitativ e fit  wit h th e h u m a n reactio n tim e 

data . 

Figur e 2  s h o w s th e result s o f  th e m o d e l  replication .  A s 

reporte d b y C o h e n e t  al ,  w e find  a  clea r  qualitativ e fit  be -

twee n th e performanc e o f  th e m o d e l  an d th e result s o f  th e 

empirica l  stud y reporte d i n D u n b a r  an d M a c L e o d (1984) . 

Thi s confirm s tha t  th e m o d e l  - -  includin g it s  fixed  an d con -

fined  weight s assumption s -  capture s th e shap e o f  th e effec t 

foun d i n th e empirica l  studies . 

Modelling the Effect of Development on Stroop 

Interferenc e 

T h e C o h e n e t  a l  m o d e l  focusse d o n th e developmen t  o f 

th e Stroo p effec t  a s th e resul t  o f  t w o skill s  learne d simulta -

neously ,  bu t  needin g s o m e kin d o f  initia l  weigh t  constrain t 

t o achiev e a  g o o d fit  t o empirica l  data .  Thi s ca n b e inter -

prete d a s th e acquisitio n o f  th e Stroo p interferenc e i n adult s 

(se e especiall y simulatio n 6  i n C o h e n e t  a l  1990) .  However , 

childre n usuall y lear n t o n a m e color s b y th e ag e o f  thre e an d 

star t  learnin g t o rea d w o r d s a  coupl e o f  year s later .  Hence , 

learnin g t o n a m e color s i s  wel l  u n d e r w a y befor e learnin g t o 

rea d eve n begins . 

T o addres s thi s issue ,  th e nex t  se t  o f  simulation s remov e 

th e assumption s tha t  colo r  an d w o r d representation s wer e 

bette r  develope d tha n respons e abilities ,  an d varie s th e ra -

tio s o f  readin g t o n a m i n g durin g training .  Thi s networ k wa s 

initiall y  seede d wit h completel y r a n d o m weights ,  unlik e 

C o h e n e t  a/' s  constrain t  o f  large r  initia l  weight s fro m th e 

input s t o th e hidde n units .  T o simulat e th e growt h i n vo -

cabular y an d th e increas e i n readin g practic e a s th e chil d 

get s older ,  th e naming/readin g trainin g se t  ratio s wer e in -

crease d ove r  time . 

The two new parameters introduced here are the ratio of 

naming/reading ,  an d th e rat e o f  increasin g tha t  ratio .  Cohe n 

et  a l  stat e tha t  ratio s betwee n 5: 1 an d 20: 1 giv e th e sam e 

Stroo p lik e profil e an d settle d o n 10: 1 a s a  reasonabl e value . 

T h e y poin t  ou t  tha t  th e who l e m o d e l  wo rk s unde r  th e as -

sumptio n tha t  w o r d readin g i s a  m o r e frequen t  tas k i n adult s 

tha n colo r  naming ,  althoug h admittedl y ther e i s n o evidenc e 

t o pu t  a  n u m b e r  o n it .  Fo r  thes e simulations ,  th e trainin g 

regim e ratio s were :  0: 1 (readin g t o colo r  n a m i n g )  fro m ep -

och s 1- 5 ,  1: 1 fro m epoch s 6-1 0 at ,  10:1 ,  fro m epoch s 11 -

2 5 ,  an d 50: 1 fro m epoch s 26-40 .  Eac h epoc h consist s o f  10 0 

trainin g presentation s o f  a  randoml y selecte d exampl e fro m 

th e trainin g set . 

A fiirther point is that it cannot be assumed that the abil-

it y t o encod e th e tas k requirement s o r  th e abilit y t o maintai n 

a representatio n o f  th e tas k requiremen t  ha s full y develope d 

b y th e tim e readin g an d n a m i n g interferenc e begi n t o ap -

pear .  A s discusse d above ,  m a n y componen t s o f  informatio n 

processin g continu e t o develo p durin g childhoo d (se e 

Weinen t  an d Scheide r  199 6 fo r  a  review) .  Fo r  example . 
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CorelDraw 3 clipar t  collection .  Th e item s withi n eac h grou p 

wer e ranke d accordin g t o wo r d lengt h an d distribute d acros s 

eac h car d accordingl y t o ensur e al l  card s containe d word s o f 

th e sam e overal l  difficulty . 

Task completion times were measured with a hand-held 

digita l  chronometer .  A  numbe r  o f  childre n wer e vide o tape d 

t o provid e cross-validatio n o f  recorde d times . 

Procedure: The experiment took place in a small, well-

li t  roo m withi n th e children' s schoo l  an d eac h chil d teste d 

on thei r  own .  Eac h chil d w a s seate d a t  a  des k an d give n a 

ver y genera l  introductio n t o pu t  the m a t  ease .  Th e partici -

pant s wer e the n require d t o rea d from  th e B A R S inde x t o 

locat e thei r  readin g abilities . 

There are two main tasks: word reading and picture 

naming .  Thes e task s wer e kep t  separat e s o th e chil d di d no t 

get  confuse d ove r  wha t  w a s done .  Eac h tas k ha s thre e con -

ditions :  contro l  (eithe r  wor d o r  pictur e o n o w n ) ,  conflictin g 

(wor d presente d wit h semanticall y relate d picture ,  o r  vic e 

versa) ,  an d congruen t  (matchin g wor d an d picture) .  Eac h 

conditio n wa s carrie d ou t  twic e fo r  bot h tasks .  Th e tes t  con -

siste d o f  10 8 trial s i n total .  Th e numbe r  o f  trail s wa s kep t 

lo w t o preven t  boredo m o r  fatigue ,  especiall y wit h younge r 

children .  Clea r  instruction s includin g a  practic e wer e give n 

when th e tas k change d from  readin g t o namin g (o r  vic e 

versa) . 

The basic instruction was to "name the picture (or word) 

as quickl y a s possibl e withou t  makin g a  mistake ;  tr y t o 

thin k befor e yo u speak .  I f  yo u canno t  rea d o r  n a m e a  word , 

go ont o th e nex t  one" .  Eac h subjec t  w a s give n 6  practic e 

items .  I f  th e subjec t  w a s no t  abl e t o complet e th e tas k the y 

were  give n th e optio n t o repea t  th e practic e unti l  the y wer e 

performin g satisfactorily .  Befor e th e experimenta l  trail s 

eac h subjec t  wa s aske d i f  the y wher e read y t o proceed . 

The experimenter supervised each trial, operated the 

digita l  chronomete r  an d m a d e a  not e o f  ever y erro r  m a d e b y 

th e participants .  T h e trial s o n whic h th e childre n m a d e er -

ror s o n mor e tha n tw o word s wer e exclude d from  furthe r 

analysis . 

Experimental Results 

The m e a n reactio n time s fo r  eac h grou p ar e show n i n 

Figur e 4 .  Thes e result s confir m th e mode l  predictio n tha t 

th e poore r  (younger )  reader s displa y th e revers e Stroo p ef -

fec t  an d th e bette r  (older )  reader s displa y th e standar d 
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contro l  conflic t  congruen t contro l  conflic t  congruen t 

Stroo p interference . 

Figur e 4 :  M e a n respons e time s fo r  th e pictur e namin g 

tas k 

T o confir m this ,  th e dat a wer e analyze d usin g a  repeate d 

measure s A N O V A wit h thre e factor s (Condition ,  Task ,  an d 

readin g Group) .  Th e A N O V A reveale d a  significan t  thre e 

w ay interactio n o f  Condition ,  Tas k an d Grou p F;g.̂ = 16.9 3 

p<.O0I .  T o explor e thi s interaction ,  a  two-wa y A N O V A w a s 

carrie d ou t  withi n eac h group .  A  significan t  interactio n o f 

Conditio n b y Tas k w a s foun d fo r  bot h th e reade r  group s 

(/^z«=8.5 5 p<.00 1 an d F^^j=I3.9 6 p<.OO I  fo r  th e poore r 

an d bette r  reader s respectively) .  Bot h group s wer e experi -

encin g s o m e kin d o f  task/conditio n interference . 

There was a significant effect for Task within each 

Grou p (F,i/=15.2 8 p<.00 1 an d F/j,y=252.3 I  p<.OO I  fo r 

grou p 1  an d 2  respectively )  confirmin g tha t  th e poore r  read -

er s i n grou p 1  too k longe r  t o rea d tha n t o n a m e th e pictures , 

an d th e bette r  reader s i n grou p 2  too k longe r  t o n a m e th e 

picture s tha n t o read .  Collapsin g acros s tasks ,  w e se e tha t 

ther e i s a  significan t  differenc e i n readin g respons e time s 

(F/^j = 130.3 6 p<.001 )  betwee n th e poo r  an d goo d reader s 

(a s woul d b e expected )  bu t  tha t  ther e ar e als o significan t 

namin g respons e time s {F ,  4^=5.1 6 p<.05 )  demonstratin g a 

smal l  increas e i n processin g spee d associate d wit h th e ag e 

difference s betwee n th e tw o groups . 

Further paired T-tests showed a longer response time for 

th e conflictin g readin g word s (compare d wit h th e m e a n o f 

th e contro l  an d congruen t  conditions )  withi n th e poore r 

readin g grou p (t2]=6.7 5 p<.001) .  A  simila r  tes t  showe d tha t 

th e bette r  readin g grou p wer e significantl y slowe r  wit h 

namin g th e conflictin g picture s (/2/=V.1 4 p<.001) . 

Conclusion 

The result s o f  th e empirica l  stud y confir m th e predic -

tion s mad e b y th e connectionis t  model ;  namely ,  tha t  ther e i s 

a revers e Stroo p interferenc e givin g wa y t o th e classi c 

Stroo p durin g th e developmen t  o f  Stroo p effects .  Thes e 

result s ar e consisten t  wit h th e findings  o f  Arochov a (1971 ) 

who suggeste d ther e ma y b e revers e Stroo p interferenc e 

wit h pre-schoo l  childre n wit h lette r  namin g typ e task s an d 

th e Ehr i  an d Wilce' s (1979 )  demonstratio n tha t  Stroo p inter -

ferenc e become s ver y pronounce d afte r  a  coupl e o f  year s o f 

schooling . 

One clear distinction between the model and the empiri-

cal  stud y i s tha t  th e networ k i s base d o n a  tw o colo r  Stroo p 

tas k an d th e empirica l  result s ar e base d o n a  multipl e pictur e 

namin g task .  However ,  i t  woul d b e straigh t  forwar d t o ex -

ten d th e developmenta l  mode l  t o includ e muhipl e re -

sponses ,  a s wa s don e b y Cohe n e t  al . 
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Thi s wor k suggest s tha t  mor e attentio n shoul d b e pai d t o 

th e distinctio n betwee n learnin g an d development .  Whil e 

learnin g i s a n integra l  par t  o f  wha t  happen s durin g child -

hood ,  man y maturationa l  an d developmenta l  processe s ar e 

als o presen t  durin g childhood .  Fin e graine d model s o f  chil d 

developmen t  shoul d incorporat e change s i n informatio n 

processin g a s wel l  a s change s i n knowledge . 

One shortcoming of this model is its failure to capture 

th e declin e i n th e Stroo p effec t  afte r  reachin g optimu m in -

terference .  Ther e ar e tw o possibl e explanation s fo r  this . 

Firstl y (an d probabl y th e mos t  likely) ,  b y th e ag e o f  1 1 chil -

dre n hav e mastere d othe r  skill s  tha t  affec t  thei r  performanc e 

on Stroo p task s suc h a s th e abilit y  t o monito r  an d con -

sciousl y chang e thei r  response . 

One way to overcome this problem within the model is 

t o chang e th e rati o o f  readin g t o namin g i n th e trainin g set . 

I f  th e rati o o f  readin g t o namin g i s allowe d t o progres s s o 

tha t  readin g doe s no t  massivel y excee d namin g (i.e .  kep t  a t 

a m a x i m u m o f  10:1) ,  th e networ k i s abl e t o mak e bette r 

progres s i n learnin g th e namin g task .  Th e resul t  o f  thi s i s 

tha t  th e erro r  (an d s o predicte d reactio n time )  fo r  th e colo r 

namin g tim e i s reduced ,  lessenin g th e Stroo p effect .  Con -

versely ,  i f  th e rati o i s allowe d t o cree p u p t o 1000:1 ,  ther e 

wil l  b e larg e amount s o f  erro r  i n th e colo r  tas k a s th e net -

wor k become s optimize d t o carryin g ou t  th e readin g task . 

Hence ,  th e final  amoun t  o f  Stroo p interferenc e i n thes e 

model s ca n b e adjuste d b y adaptin g th e trainin g ratio . 

In summary, this paper has (1) replicated the results of a 

publishe d mode l  o f  Stroo p interference ,  (2 )  extende d th e 

model  t o embod y constraint s fro m cognitiv e development , 

and (3 )  teste d an d confirme d th e prediction s o f  th e extende d 

model  o n youn g children .  Thi s projec t  continue s t o argu e 

fo r  th e validit y o f  connectionis t  method s a s a  seriou s mean s 

of  addressin g cognitiv e developmen t  i n children . 

References 

Arochova, O. (1971) The use of a modified Stroop test in 

pre-schoo i  children .  Psychologi a a  Patopsycholgia ,  6 , 

261-26 6 (Fro m Psychologica l  Abstracts ,  1972 ,  48 ,  ab -

strac t  numbe r  11282) . 

Boden ,  M .  (1989) .  Compute r  model s o f  mind .  Cambridge , 

U K:  Cambridg e Universit y Press , 

Cohen,  J .  D. ,  Dunbar ,  K .  &  McClelland ,  J .  L .  (1990 )  O n 

th e contro l  o f  automati c processes :  a  paralle l  distribute d 

processin g accoun t  o f  th e Stroo p effect .  Psychologica l 

Review .  97,332-361 . 

Corbitt ,  J .  R .  (1978 )  "Cognitiv e organizatio n fo r  word s an d 

color s a s relate d t o readin g abilit y  level :  a  developmenta l 

approach" .  (Docto r  dissertation .  Universit y o f  Wyomin g 

1977) ,  Dissertatio n abstract s International .  38 ,  4501-B . 

Dunbar ,  K . & MacLeod ,  C .  M .  (1984 )  A  hors e rac e o f  a  dif -

feren t  color :  Stroo p interferenc e pattern s wit h trans -

forme d words .  Journa l  o f  Experimenta l  Psychology :  Hu -

man Perceptio n an d Performance .  10 .  622-639 . 

Dyer ,  F .  N .  (1973 )  Th e Stroo p phenomeno n an d it s us e i n 

th e stud y o f  perceptual ,  cognitiv e an d respons e processes . 

Memory an d Cognition ,  1 ,  106-12 0 

Ehri ,  L .  C .  (1976 )  D o word s reall y interfer e i n namin g pk -

tares T Chil d Development .  47 ,  502-505 . 

Ehr i  L .  C .  &  Wilc e L .  S .  (1979 )  Doe s wor d trainin g increas e 

or  decreas e interferenc e i n a  Stroo p task ? Journa l  o f  Ex -

perimenta l  Chil d Psychology .  27 ,  352-364 . 

Feldman ,  J .  A .  &  Ballard ,  D .  H .  (1982) .  Connectionis t  mod -

el s an d thei r  properties .  Cognitiv e Science .  6 ,  205-254 . 

Gerstadt ,  C .  L. ,  Hong ,  Y .  J. ,  &  Diamond ,  A .  (1994 )  Th e 

relationshi p betwee n cognitio n an d action :  performanc e 

of  childre n 3_- 7 year s ol d o n a  Stroo p lik e day-nigh t  test . 

Cognition .  53 ,  129-153 . 

Greenough ,  W .  T. ,  Black ,  J .  E. ,  &  Wallace ,  C .  S .  (1987) . 

Experienc e an d Brai n Development .  Chil d Development , 

58 ,  539-559 . 

Liben ,  L .  S .  (1987) .  Developmen t  an d Learning :  Conflic t  o r 

Congruence ? Hillsdale ,  NJ :  Earlbaum . 

MacLeod ,  C .  M .  (1990 )  Hal f  a  centur y o f  Researc h o n th e 

Stroo p Effect :  a n Integrativ e Review .  Psychologica l  Bul -

leti n 109 ,  163-203 . 

MacLeod ,  C .  M .  &  Dunba r  K .  (1988 )  Trainin g an d Stroo p 

lik e interference :  Evidenc e fo r  a  continuu m o f  automatic -

ity .  Journa l  o f  Experimenta l  Psychology :  Learning , 

Memory an d Cognition ,  14 ,  126-135 . 

Mehwort ,  D .  J .  K. ,  Braun ,  J .  G. ,  &  Heathcote ,  A .  (1992 ) 

Respons e tim e distribution s an d th e Stroo p Task :  a  tes t  o f 

th e Cohen ,  Dunba r  an d McClellan d (1990 )  Model ,  Jour -

nal  o f  Experimenta l  Psychology :  H u m a n Perceptio n an d 

Performance .  18 ,  872-882 . 

Seidenburg ,  M .  S. ,  &  McClellan d J ,  L .  (1989 )  A  distributed , 

Developmenta l  Mode l  o f  wor d recognitio n an d naming . 

Psychologica l  review ,  96 ,  523-568 . 

Stroop ,  J .  R .  (1935 )  Studie s o f  interferenc e i n seria l  verba l 

reactions .  Journa l  o f  Experimenta l  Psychology ,  18 ,  643 -

662 . 

Weinert ,  F .  E .  &  Schiede r  (1996) .  Memory ,  performance . 

an d competencies .  Issue s i n growt h an d development . 

Mahwah,  NJ :  LEA . 

910 


	cogsci_1998_905-910



