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Abstrac t 

Specificity effects of practice on the classic 

Stroo p color-wor d tas k wer e explore d usin g 

tw o differen t  practic e tasks ,  practic e o n th e 

Stroo p tas k itsel f  an d practic e o n simpl e colo r 

naming .  Clea r  evidenc e fo r  specificit y effect s 

was found ,  an d thi s specificit y persiste d acros s 

a one-mont h delay .  Stroo p practice ,  bu t  no t 

color-namin g practice ,  le d t o a  patter n o f 

improvemen t  pointin g t o a n advantag e fo r 

practice d stimul i  ove r  unpractice d stimul i  o n 

bot h Stroo p an d color-namin g test s bu t  a 

disadvantag e fo r  practice d stimul i  o n readin g 

an d "reverse-Stroop "  tests .  Th e advantag e fo r 

practice d stimul i  wa s maintaine d o n version s 

of  th e Stroo p tes t  tha t  use d orthographi c 

manipulation s o f  th e stimuli .  Thi s patter n o f 

specificit y i s inconsisten t  wit h practic e a s 

specifi c  t o th e wor d forms .  I t  i s consisten t  wit h 

practic e a s specifi c  t o colors ,  t o semanti c 

meaning s o f  th e words ,  o r  t o a  combinatio n o f 

thes e two . 

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

One of the most studied phenomena of the last 

tw o decade s i s th e Stroo p effec t  (Stroop ,  1935) . 

It s popularit y a s a  researc h tas k i s du e bot h t o 

it s implication s fo r  automati c processin g (e.g. , 

A n d e r s o n ,  1992 )  an d it s us e i n 

neuropsychologica l  testin g (e.g. ,  Connor , 

Franzen ,  &  Sharp ,  1988) .  I n th e Stroo p color -

wor d interferenc e task ,  subject s ar e aske d t o 

1 Thi s researc h wa s supporte d i n par t  b y 

A r my Researc h Institut e Contrac t  M D A 9 0 3 -

90-K-0066 . 

name th e colo r  o f  th e in k i n whic h colo r  word s 

ar e printed .  Th e in k colo r  an d th e wor d d o no t 

correspond .  Fo r  example ,  give n th e wor d 

purpl e printe d i n re d ink ,  th e appropriat e 

respons e i s "red. "  Despit e th e larg e an d 

increasin g bod y o f  researc h o n th e Stroo p effec t 

(se e Dyer ,  1973 ;  Jense n &  Rohwer ,  1966 ; 

MacLeod ,  1991) ,  th e presen t  stud y i s th e first 

t o examin e th e exten t  t o whic h practic e eithe r 

on th e color-wor d interferenc e tas k o r  o n a 

simpl e color-namin g tas k i s specifi c  t o th e 

particula r  color s use d durin g training . 

Althoug h no t  investigate d i n th e classi c 

Stroo p tas k itself ,  specificit y o f  trainin g ha s 

bee n explore d i n nonstandar d version s o f  th e 

Stroo p task .  Fo r  example ,  i n a  digi t  countin g 

task ,  Reisberg ,  Baron ,  an d Kemle r  (1980 ) 

traine d subject s t o ignor e a  pai r  o f  digit s (e.g. , 

2 an d 4 )  an d foun d tha t  thi s trainin g di d no t 

transfe r  perfectl y t o ignorin g othe r  digit s no r 

di d i t  transfe r  t o ignorin g homophoni c word s 

(e.g. ,  tf i  an d for) .  Som e transfe r  wa s obtained , 

however ,  t o th e tas k o f  ignorin g th e digit s 

printe d a s words .  M6nard-Butea u an d 

Cavanag h (1984 )  use d a  Stroo p tas k wit h 

incongruousl y colore d objects .  Subject s 

practice d namin g th e in k colo r  o f  a  wor d 

representin g a n incongruousl y colore d objec t 

(e.g. ,  th e wor d carro t  printe d i n gree n ink) . 

The y foun d tha t  thi s trainin g di d no t  transfe r 

t o a  versio n o f  thei r  tas k wit h drawing s o f  th e 

object s rathe r  tha n words . 

Our  stud y involve d th e classi c Stroo p task , 

wit h trainin g i n tw o differen t  situations .  Th e 

color-patc h trainin g conditio n involve d practic e 

i n simpl y namin g colo r  patches .  Th e Stroo p 

trainin g conditio n involve d practic e i n namin g 

th e color s o f  incongruen t  colo r  words .  Al l 

subject s wer e teste d i n a  pretes t  prio r  t o 
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trainin g a s wel l  a s i n a  posttes t  afte r  trainin g 

and i n a  retentio n tes t  afte r  a  month-lon g 

delay .  Eac h tes t  sessio n include d a  se t  o f  test s 

relate d t o Stroo p interference :  on e tes t  eac h o n 

readin g an d o n simpl e color-patc h namin g plu s 

a Stroo p tes t  an d a  tes t  wit h Stroo p stimul i 

but  requirin g readin g response s ("revers e 

Stroop") .  Additiona l  orthographi c 

manipulatio n version s o f  th e Stroo p test ,  on e 

i n whic h th e letter s o f  th e colo r  word s wer e 

brackete d b y asterisk s an d on e i n whic h th e 

letter s wer e i n uppercas e rathe r  tha n 

lowercas e letters ,  provide d a n indicatio n o f 

specificit y t o th e wor d form .  Anothe r  measur e 

of  specificit y wa s provide d b y th e us e o f  tw o 

differen t  colo r  sets .  Althoug h th e 

experimenta l  subject s traine d o n onl y on e colo r 

set  (wit h th e se t  counterbalance d acros s 

subjects) ,  al l  subject s wer e teste d o n bot h colo r 

sets . 

I t  wa s anticipate d tha t  specificit y o f 

trainin g effect s woul d lea d to :  (a )  les s 

improvemen t  o n th e orthographi c 

manipulation s tha n o n th e norma l  Stroo p tes t 

and (b )  les s improvemen t  o n th e untraine d 

colo r  se t  tha n o n th e traine d set .  O n th e basi s 

of  ou r  previou s studie s showin g extremel y goo d 

retentio n o f  procedura l  skill s  (Heal y e t  al. , 

1992) ,  w e als o predicte d relativel y littl e 

evidenc e o f  forgettin g acros s th e one-mont h 

dela y interval .  O f  greates t  interes t  i s  whethe r 

any specificit y effect s persis t  acros s thi s lon g 

retentio n interval . 

M e t h o d 

Subject s 

Si x femal e student s fro m th e Universit y o f 
Colorad o participate d fo r  pajonen t  a t  th e rat e 

of  $5.0 0 pe r  hour .  Eac h wa s assigne d t o a 

trainin g conditio n an d a  traine d colo r  se t  o n 

th e basi s o f  he r  tim e o f  arriva l  fo r  testin g 

accordin g t o a  fixed  rotation .  Al l  subject s 

demonstrate d norma l  colo r  vision . 

Des ig n 

During the pretest, posttest, and retention 

sessions ,  1 5 test s wer e administered ,  1 2 o f 

whic h wer e th e focu s o f  thi s investigation .  Th e 

12 foca l  test s wer e divide d int o tw o categorie s 

whic h partl y overlapped :  (a )  8  colo r 

interferenc e measures ,  an d (b )  6  orthographi c 

colo r  interferenc e measures .  A  mixed-factoria l 

desig n wa s employe d fo r  th e 8  colo r 

interferenc e measures ,  wit h on e between -

subject s factor ,  trainin g condition ,  an d thre e 

within-subject s factors ,  tes t  tim e (pretest , 

posttest ,  retentio n test) ,  colo r  se t  (trained , 

untrained) ,  an d tes t  type .  Th e fou r  tes t  type s 

were :  (a )  readin g colo r  word s displaye d i n 

whit e o n a  blac k background ,  (b )  color-patc h 

naming ,  (c )  namin g color s o f  incongruou s 

word s (Stroop) ,  an d (d )  reading  incongruou s 

colo r  word s (revers e Stroop) .  A  secon d mixed -

factoria l  desig n wa s employe d fo r  th e 6 

orthographi c colo r  interferenc e measures ,  wit h 

one between-subject s factor ,  trainin g 

condition ,  an d thre e within-subject s factors , 

tes t  time ,  colo r  set ,  an d orthographi c tes t  typ e 

(standard ,  asterisks ,  uppercase) . 

A p p a r a t u s 

A DTK Data-1000 personal computer with a 

Zenit h Dat a System s colo r  monito r  wa s 

employe d fo r  trainin g an d tests .  A  M E L 

(Schneider ,  1988 )  Versio n 5. 0 voic e key-butto n 

box an d a n Electre t  microphon e wer e use d fo r 

measurin g th e subjects '  verba l  respons e 

latencie s an d fo r  recordin g th e experimenter' s 

indication s o f  respons e accuracy . 

Material s 

Test materials were identical for pretest, 

posttest ,  an d retentio n test ,  an d consiste d o f 

12 relevan t  tests ,  eac h consistin g o f  2 4 trials . 

The task s wer e presente d i n a  fixed  order : 

color-patc h naming ,  Stroop ,  asteris k Stroop , 

uppercas e Stroop ,  reading ,  an d revers e Stroop , 

wit h eac h tas k bein g first  teste d o n th e traine d 

colo r  set ,  the n o n th e untraine d colo r  set .  Th e 

colo r  stimul i  fro m Se t  1  were :  pink ,  blue ,  an d 

orange .  Th e color s fro m Se t  2  were :  purple , 

green ,  an d red .  Stroo p test s an d trainin g use d 

al l  si x possibl e incongruou s stimul i  fro m a  set . 

One o f  th e tw o subject s i n eac h conditio n wa s 
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traine d o n Se t  1 ,  an d th e othe r  wa s traine d o n 

Set  2 . 

Ther e wer e tw o condition s o f  training : 

color-patc h an d Stroop .  Thes e condition s o f 

trainin g correspon d t o th e test s o n color-patc h 

namin g an d o n Stroop ,  respectively .  Eac h 

trainin g sessio n consiste d o f  24 0 trials .  Fou r 

version s o f  th e trainin g stimulu s sequenc e 

wer e constructed ,  whic h differe d onl y i n th e 

pseudorando m orde r  o f  th e stimuli .  Th e fou r 

version s wer e show n i n a  fixed  rotation ,  wit h 

ever y versio n show n onc e i n eac h successiv e 

set  o f  fou r  sessions . 

P r o c e d u r e 

The pretest was administered in the first 

experimenta l  session .  Trainin g too k plac e 
durin g th e secon d throug h thirteent h sessions , 

on successiv e weekdays .  Durin g th e 

fourteent h session ,  subject s wer e give n th e 

posttest ,  an d the y returne d on e mont h late r  fo r 

th e retentio n test .  Al l  instruction s an d trial s 

wer e sel f  paced .  Throughou t  al l  tes t  an d 
trainin g trials ,  subject s wer e give n a  warnin g 

messag e wheneve r  thei r  voca l  respons e wa s 

not  registere d b y th e voic e key .  An y respons e 

not  registere d b y th e voic e ke y wa s discarde d 

fro m th e dat a analyses . 

Th e instruction s fo r  eac h tes t  wer e show n 

on th e compute r  screen .  Fo r  eac h tes t  th e 

instruction s describe d th e stimul i  t o b e 

presente d an d th e expecte d response .  Fo r  th e 

test s involvin g incongruou s colo r  words ,  th e 

instruction s include d a  singl e exampl e fro m 

th e appropriat e colo r  set .  Al l  instruction s 

directe d subject s t o respon d a s accuratel y an d 

as quickl y a s possible .  Th e procedur e o n a 

give n tes t  tria l  wa s a s follows :  First ,  th e 

subjec t  presse d th e spac e bar ,  afte r  whic h th e 

scree n becam e blan k fo r  30 0 m s ,  the n th e 

stimulu s appeare d o n th e screen .  Th e subjec t 

responded ,  the n th e experimenter ,  wh o sa t 

behin d th e subject ,  indicate d th e accurac y o f 

th e subject' s voca l  respons e b y pressin g eithe r 

a "correct "  o r  a n "incorrect "  ke y o n th e butto n 

box .  Th e trainin g procedur e wa s th e sam e a s 

th e procedur e use d fo r  th e test s excep t  tha t 

feedbac k wa s provided ,  bot h o n accurac y an d 

reactio n time ,  an d verba l  protocol s wer e 

collecte d afte r  th e first  an d las t  1 2 trial s o f 

eac h session . 

R e s u l t s 

Performance on the color interference tests, 

average d acros s th e thre e trainin g conditions , 

i s  displaye d i n Figur e 1  i n term s o f  lo g correc t 

reactio n time s a s a  functio n o f  tes t  tim e 

(pretest ,  posttest ,  retentio n test )  an d tes t  typ e 

(reading ,  revers e Stroop ,  color-patc h naming , 

Stroop) .  A s i n previou s research ,  reactio n 

time s wer e faste r  fo r  th e tes t  type s involvin g 

readin g tha n thos e involvin g colo r  namin g an d 

wer e slowe r  fo r  th e tes t  type s involvin g 

incongruou s stimul i  tha n fo r  thos e tha t  di d no t 

(E(3 ,  9 )  =  27.56 ,  MSf i  =  .0041 ,  d  <  .001 ,  o n a n 

analysi s o f  th e pretes t  an d posttest ;  £(3 ,  9 )  = 
21.84 ,  MSfi ^  =  .0036 ,  fi. <  .001 ,  o n a n 

overlappin g analysi s o f  th e posttes t  an d 

retentio n test) .  Specifically ,  th e tes t  type s i n 

orde r  o f  fastes t  t o slowes t  were :  reading , 

revers e Stroop ,  color-patc h naming ,  an d 

Stroop .  Overall ,  subject s improve d wit h 

practice ;  the y wer e faste r  o n th e posttes t  tha n 

on th e pretes t  (E(l ,  3 )  =  16.37 ,  M S ^  =  .0047 ,  a 

< .05) ,  an d ther e wa s n o significan t  forgettin g 

eviden t  from  th e posttes t  t o th e retentio n test . 

Th e specificit y o f  trainin g i s reflecte d b y 

thre e relate d observations .  First ,  reactio n 

3. 0 n •  Pretes t 

0 Posttes t 

•  Retentio n tes t 

Readin g Revers e Color-Patc h 

Stroo p Namin g 

Tes t  typ e 

Stroo p 

Figur e 1 .  Correc t  reactio n times ,  acros s 

trainin g conditions ,  o n th e colo r  interferenc e 

test s a s a  functio n o f  tes t  time . 
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B Traine d se t 

B Untraine d se t 

Readin g Revers e Color-Patc h Stroo p 
Stroo p Namin g 

Tes t  typ e 

Figure 2. The Stroop-trained group's correct 
reactio n times ,  afte r  training ,  o n th e traine d 

an d untraine d colo r  set s o f  th e colo r 

interferenc e tests . 

times decreased from pretest to posttest more 

fo r  th e colo r  se t  o n whic h subject s ha d traine d 

tha n fo r  thei r  untraine d colo r  set ,  £(1 ,  3 )  = 

38.51 ,  MSf i  =  .0001 ,  l i  <  .0 5 (traine d set :  M = 

2.76 5 pretest ,  M =  2.69 8 posttest ;  untraine d 

set :  M .  =  2.74 4 pretest ,  M .  =  2.69 8 posttest) . 

Second ,  a s illustrate d b y Figur e 2 ,  whic h 

present s dat a onl y fro m th e Stroop-traine d 

conditio n afte r  trainin g (i.e. ,  o n th e posttes t 

an d retentio n test) ,  subject s wer e faste r  o n th e 

traine d se t  tha n o n th e untraine d se t  w h e n 

namin g colors ,  tha t  i s i n th e Stroo p tes t  an d i n 

th e color-patc h n a m i n g test ,  bu t  wer e no t 

faste r  i n eithe r  th e readin g tes t  o r  th e revers e 

Stroo p tes t  (£(3 ,  9 )  =  6.91 ,  M S ^ =  .0002 ,  a  < 

.05 ,  fo r  thi s two-wa y interactio n o f  colo r  se t 

an d tes t  type) .  I n thes e las t  tw o tests ,  reactio n 

time s wer e actuall y faste r  fo r  th e untraine d 

se t  tha n fo r  th e traine d set .  Third ,  thi s 

advantag e fo r  th e traine d se t  o n color-namin g 

response s an d th e advantag e fo r  th e untraine d 

se t  o n readin g response s afte r  trainin g wer e 

onl y foun d fo r  subject s i n th e Stroo p trainin g 

condition ,  no t  fo r  subject s i n eithe r  th e color -

patc h trainin g o r  contro l  condition s (£(6 ,  9 )  = 

6.95 ,  MSf e =  .0002 ,  u  <  .01 ,  fo r  th e three-wa y 

interaction) . 

T h e result s o f  th e or thograph i c 

manipulatio n test s als o wer e analyze d i n 

te rm s o f  lo g correc t  reactio n t imes . 

Important ly ,  ther e w a s n o effec t  o f 

orthographi c tes t  typ e ( M =  2.80 7 fo r  standar d 

Stroop ,  M =  2.81 0 fo r  asterisks ,  M =  2.80 8 fo r 

uppercase )  an d tha t  facto r  di d no t  ente r  int o 

an y significan t  interactions ,  suggestin g tha t 

3. 0 n 
•  Pretes t 

0 Posttes t 

u 
V 
(0 
E 
o> 
o 

m 

Traine d Untraine d 
se t  se t 

S t r o o p 

Traine d Untraine d 
set  se t 

C o l o r - P a t c h 

TRAININ G CONDITIO N 

Traine d Untraine d 
set  se t 

Contro l 

Figur e 3 .  Correc t  reactio n times ,  acros s th e orthographi c Stroo p test s (standard ,  asterisks , 

uppercase) ,  a s a  functio n o f  trainin g condition ,  colo r  set ,  an d tes t  time . 
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3.0 n 

| . S H 

2.6 -

2.4 -

B Traine d se t 

Q Untraine d se t 

Stroo p Color-Patc h Contro l 

Training condition 

Figure 4. Correct reaction times, after 

training ,  acros s th e orthographi c Stroo p test s 

(standard ,  asterisks ,  uppercase) ,  a s a  functio n 

of  trainin g conditio n an d colo r  set . 

the effects of training were not specific to the 

wor d form .  I n contrast ,  specificit y o f  colo r  se t 

was agai n eviden t  b y tw o observations :  First , 

as show n i n Figur e 3 ,  th e greates t  decreas e i n 

reactio n tim e fro m th e pretes t  t o th e posttes t 

occurre d fo r  th e Stroo p trainin g conditio n wit h 

th e traine d colo r  set ,  F(2 ,  3 )  =  11.50 ,  M S ^  = 

.0001 ,  E  <  .05 .  Second ,  afte r  training ,  onl y th e 

Stroo p trainin g conditio n yielde d faste r 

reactio n time s fo r  th e traine d se t  tha n fo r  th e 

untraine d set ,  E(2 ,  3 )  =  12.56 ,  M S g =  .0005 ,  j j  < 

.05 ,  a s illustrate d i n Figur e 4 .  Becaus e th e 

s a me patter n w a s foun d fo r  al l  thre e 

orthogH'aphi c tes t  types ,  th e result s ar e 

consisten t  wit h th e hypothesi s tha t  trainin g i s 

specifi c  t o th e color s employe d bu t  no t  t o th e 

orthographi c for m o f  th e colo r  words . 

D i s c u s s i o n 

We have found clear evidence for specificity 

effect s i n th e Stroo p task ,  an d thi s specificit y 

persiste d acros s a  one-mont h dela y interval . 

Subject s showe d diflFerentia l  effect s o f  colo r  set , 

dependin g o n whethe r  o r  no t  i t  wa s th e se t  o n 

whic h the y ha d trained .  Furthermore ,  afte r 

training ,  th e Stroop-traine d subject s showe d a 

patter n o f  advantag e fo r  th e traine d se t  o n th e 

test s tha t  require d colo r  namin g bu t  a 

disadvantag e fo r  th e traine d se t  o n th e test s 

tha t  require d reading .  Th e questio n o f 

whethe r  thi s specificit y wa s du e t o th e color s 

or  du e t o th e word s i s illuminate d b y th e 

findings  o n th e additiona l  orthographi c 

manipulatio n tests .  I n thes e orthogpraphi c 

test s th e color s wer e identica l  t o th e color s 

use d durin g training ,  bu t  th e wor d form s wer e 

different .  Becaus e thes e test s yielde d th e 

same traine d colo r  se t  advantag e a s di d th e 

standar d Stroo p test ,  i t  ca n b e conclude d tha t 

th e specificit y wa s no t  du e solel y t o wor d form . 

I t  may ,  therefore ,  b e tha t  th e specificit y i s du e 

t o th e colors .  A n alternativ e possibilit y  i s  tha t 

ther e ar e specifi c  practic e effect s fo r  th e 

semanti c meaning s o f  th e to-be-ignore d words , 

as suggeste d b y Reisber g e t  al .  (1980) .  A  thir d 

possibilit y  i s  tha t  practic e i s actuall y specifi c  t o 

th e individua l  color-wor d combinations .  Tha t 

is ,  practic e m a y improv e performanc e a t  th e 

leve l  o f  individua l  combination s rathe r  tha n a t 

th e leve l  o f  word s o r  colors .  Thi s possibilit y  i s 

currentl y bein g examine d usin g verba l 

protocol s collecte d durin g Stroo p practice . 

Whateve r  th e cause ,  th e presen t  findings  hav e 

th e clea r  implicatio n tha t  skil l  learning ,  eve n 

fo r  relativel y simpl e task s lik e th e Stroop , 

canno t  b e assume d t o generaliz e ove r 

variation s i n al l  tas k dimensions . 
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