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Learnin g an d Awarenes s i n th e Seria l  Reactio n T i m e Tas k 

Yuh-shio w Le e 
Departmen t  o f  Psycholog y 

Chines e Universit y o f  H o n g Kon g 
Shatin ,  N T ,  H o n g K o n g 
y s l e e @ c u h k . e d u . h k 

Abst rac t 

This study examined evidence for implicit rule-based 
learnin g i n th e seria l  reactio n tim e tas k an d investigate d 
th e efifec t  o f  explici t  knowledg e o n performance . 
Participant s responde d t o visua l  stimul i  appearin g i n on e 
of  si x locations .  I n eac h run ,  si x stimul i  wer e presented , 
wit h a  stimulu s appearin g i n eac h an d ever y positio n 
exactl y onc e i n a  rando m order .  Participant s implicitl y 
learne d th e patter n a s indicate d b y bette r  performanc e o n 
th e sixt h trial s tha n o n th e firs t  trials .  Ye t  non e o f  th e thre e 
measure s o f  explici t  knowledg e -  verbalization ,  free 
generation ,  an d recognitio n - -  wer e abl e t o detec t 
participants'awarenes s o f  th e pattern .  Explici t  knowledg e 
of  th e patter n improve d performance ,  wherea s activ e searc h 
fo r  th e patter n hur t  performanc e i f  th e patter n wa s no t 
found .  A  possibl e learnin g mechanis m i s  propose d t o 
accoun t  fo r  seria l  learning . 

Introduction 

I n th e seria l  reactio n tim e task ,  participant s hav e t o respon d 
as quickl y an d accuratel y a s possibl e t o th e occurrenc e o f  a 
stimulus .  T h e stimulu s appear s i n on e o f  severa l  location s 
i n a  display ,  eac h o f  whic h require s a  differen t  response . 
Anothe r  stimulu s appear s shortl y afte r  th e previou s respons e 
i s completed .  T h e sequenc e o f  th e locatio n i n whic h th e 
stimulu s appear s eithe r  i s rando m o r  follow s a  repeatin g 
pattern .  Learnin g th e sequenc e i s evidence d b y a  decreas e i n 
reactio n tim e whil e th e repeatin g patter n i s  presented ,  a s 
compare d t o a  rando m sequence . 

Studie s hav e demonstrate d tha t  participant s ar e abl e t o 
lear n th e sequence ,  a s indicate d b y reactio n tim e decreasin g 
mor e quickl y w h e n th e sam e sequenc e i s  continuousl y 
repeate d tha n w h e n a  rando m sequenc e i s presente d (Cohen , 
Ivry ,  &  Keele ,  1990 ;  Curra n &  Keele ,  1993 ;  Hartman , 
K n o p m a n,  &  Nissen ,  1989 ;  Lewicki ,  1986 ;  Lewicki , 
Czyzewska ,  &  Hoffman ,  1987 ;  Lewicki ,  Hill ,  &  Bizot , 
1988 ;  Nisse n &  Bullemer ,  1987 ;  Stadler ,  1989 ; 
Willingham ,  Nissen ,  &  Bullemer ,  1989) .  Thes e studie s 
sugges t  tha t  th e regularit y impose d b y th e sequenc e 
facilitate s participants '  performanc e o n th e task .  Mor e 
importantly ,  som e researcher s clai m tha t  learnin g occur s 
eve n thoug h participant s ar e no t  awar e o f  th e repeatin g 
sequence .  I n othe r  words ,  ther e m a y b e a  dissociatio n 
betwee n participants '  performanc e o n th e seria l  reactio n tim e 
tas k an d thei r  explici t  knowledg e abou t  th e sequenc e (Cohen , 
Ivry ,  &  Keele ,  1990 ;  Nisse n &  Bullemer ,  1987 ; 

Willingham ,  Nissen ,  &  Bullemer ,  1989) .  However ,  no t  al l 
investigator s agre e tha t  suc h a  dissociatio n occurs . 

T wo importan t  issue s generat e th e debat e ove r  th e 
relationshi p betwee n performanc e an d explici t  knowledg e o n 
th e seria l  reactio n tim e task .  Th e first  issu e i s h o w explici t 
knowledg e abou t  th e sequenc e shoul d b e measured .  Differen t 
method s o f  measurin g explici t  knowledg e hav e le d t o 
differen t  conclusion s abou t  th e relationshi p betwee n explici t 
knowledg e an d performance .  Studie s usin g eithe r  a 
postexperimenta l  intervie w o r  a  standar d generatio n tas k 
ofte n conclud e tha t  participant s ar e no t  awar e o f  th e sequenc e 
(e.g. ,  Cohe n &  Curran ,  1993 ;  Willingham ,  Nissen ,  & 
Bullemer ,  1989) .  I n a  postexperimenta l  interview , 
participant s ar e aske d t o repor t  th e sequenc e o f  stimul i  afte r 
trainin g o n th e task .  Wit h a  standar d generatio n task , 
participant s ar e require d t o generat e th e nex t  targe t  rathe r 
tha n t o respon d t o th e presen t  targe t  a s the y woul d durin g 
training ,  an d thei r  response s ar e correcte d trial-by-tria l  durin g 
testing .  I n addition ,  participant s ar e no t  explicid y instructe d 
t o reproduc e th e prio r  sequenc e i n a  generatio n task , 
resultin g i n testin g instruction s bein g give n onl y indirectly . 

D ue t o th e continuou s distractio n provide d b y correctiv e 
feedbac k a s wel l  a s th e indirec t  instructio n i n th e standar d 
generatio n task ,  Perruche t  an d hi s colleague s hav e questione d 
th e adequac y o f  thi s tas k fo r  measurin g explici t  knowledg e 
(e.g. ,  Perruche t  &  A m o r i m ,  1992 ;  Perruche t  &  Gallego , 
1993) .  The y hav e thu s adopte d a  recognitio n tes t  an d a 
differen t  versio n o f  th e generatio n tas k t o measur e explici t 
knowledg e (Perruche t  &  A m o r i m ,  1992) .  I n thi s revise d 
generatio n task ,  participant s ar e directl y instructe d t o 
generat e a  sequenc e o f  trial s tha t  look s lik e th e sequenc e the y 
encountere d i n th e trainin g phase ,  an d participant s ar e no t 
provide d wit h an y correction .  Thei r  result s sho w a  clos e 
paralle l  betwee n explici t  knowledg e o f  fragment s o f  th e 
repeatin g sequenc e an d performance .  Participant s reveale d 
reliabl e explici t  knowledg e o f  th e sequence s afte r  training . 
Willingha m e t  al .  (1993 )  als o adopte d a  recognitio n tes t  t o 
measur e explici t  knowledge ,  bu t  the y foun d a  dissociatio n 
betwee n performanc e an d explici t  knowledge .  However ,  thi s 
stud y ha s bee n criticize d becaus e i t  i s base d o n onl y tw o no -
knowledg e participant s (Shank s &  St .  John ,  1994) . 

Th e secon d issu e abou t  th e relationshi p betwee n 
performanc e an d explici t  knowledg e involve s definin g th e 
natur e o f  th e knowledg e tha t  participant s acquir e i n th e seria l 
reactio n task .  Researcher s supportin g parallelis m usuall y 
sugges t  tha t  learning/ragmen w o f  th e trainin g sequence s i s 

424 

mailto:yslee@cuhk.edu.hk


sufficien t  t o explai n performanc e (e.g. ,  Perruche t  & 
Amor im ,  1992 ;  Perruchet .  1994) .  O n th e othe r  hand , 
investigator s demonstratin g dissociatio n (Lewick i  e t  al . 
198 7 ;  Stadler ,  1989 ,  1992 )  ten d t o propos e tha t  learnin g 
occur s becaus e participant s lear n th e rul e tha t  govern s th e 
sequenc e o f  th e stimulus . 

Th e firs t  purpos e o f  th e presen t  stud y i s t o provid e mor e 
clea r  an d convincin g evidenc e abou t  th e natur e o f  implici t 
rule-base d learnin g i n th e seria l  reactio n tim e task .  Instea d 
of  arguin g tha t  th e free  generatio n an d recognitio n test s d o 
not  necessaril y  measur e explici t  knowledge ,  th e presen t 
stud y demonstrate s tha t  dissociatio n betwee n performanc e 
and explici t  knowledg e i s found ,  eve n i f  thes e tw o test s ar e 
use d t o detec t  participants '  awarenes s o f  a  sequence . 
Secondly ,  thi s stud y aim s t o investigat e systematicall y th e 
rol e o f  explici t  knowledg e i n seria l  learning .  Participants ' 
explici t  Icnowledg e abou t  th e sequenc e wa s directl y 
manipulate d t o examin e th e relationshi p betwee n tas k 
performanc e an d explici t  knowledge . 

The Pattern of Sequences 

The presen t  stud y differ s from  previou s seria l  reactio n tim e 
studie s mainl y i n th e rul e determinin g th e sequenc e o f  th e 
stimuli .  I n th e presen t  study ,  th e stimulu s appear s i n on e o f 
si x location s (fro m th e firs t  t o th e sixt h position) .  Stimul i 
ar e presente d i n runs ,  wit h eac h ru n consistin g o f  a  serie s o f 
6 successiv e trials .  Withi n eac h run ,  a  stimulu s appear s i n 
eac h an d ever y positio n exactl y onc e (i.e. ,  i n on e trial) .  Fo r 
example ,  1,2 ,  3 ,  4 ,  5 ,  an d 6  an d 3 ,  5 ,  4 ,  6 ,  2 ,  an d I  ar e 
tw o possibl e run s tha t  follo w thi s pattern .  Sequence s lik e 1 , 
2,  3 ,  2 ,  4 ,  6 ,  d o no t  follo w th e patter n becaus e on e o f  th e 
location s (positio n 2 )  appear s mor e tha n once ,  an d thu s 
anothe r  locatio n (positio n 5 )  doe s no t  appea r  a t  al l  withi n 
thi s ru n o f  si x trials .  Fo r  th e contro l  sequenc e (th e rando m 
sequence) ,  th e onl y constrain t  i s  tha t  th e stimulu s canno t 
appea r  i n th e sam e locatio n o n an y tw o consecutiv e trials . 
Withi n eac h trainin g block ,  th e frequency  o f  th e occurrenc e 
of  eac h locatio n i s exactl y th e sam e fo r  bot h th e 
experimenta l  an d contro l  sequences . 

The patter n use d i n th e presen t  stud y i s simpl e an d ca n b e 
easil y verbalized ,  ye t  i t  i s  difficul t  fo r  participant s t o figure 
out .  Thus ,  th e chanc e tha t  participant s wil l  becom e awar e 
of  th e patter n i s minimized .  M o r e importantly ,  i f  learnin g 
occurs ,  participant s mus t  hav e acquire d som e knowledg e 
abou t  th e patter n itsel f  Knowledg e o f  eithe r  a  fragment  o f 
instance s o r  o f  an y particula r  instance s woul d no t  b e usefu l 
fo r  performin g th e task .  Ther e ar e tw o reason s fo r  this . 
First ,  knowledg e o f  a n incomplet e sequenc e (i.e. ,  a  fragment 
of  th e sequence ,  suc h a s 2 ,  3 ,  4 )  i s  no t  useful ,  sinc e th e 
sequenc e i s randoml y determine d withi n ever y ru n o f  si x 
trials .  Participant s canno t  m a k e us e o f  thi s knowledg e 
becaus e participant s canno t  k n o w whic h sequenc e i s bein g 
presente d unti l  al l  bu t  th e fina l  stimulu s i s presented . 
Secondly ,  t o m a k e us e o f  th e knowledg e o f  a  particula r 
instanc e tha t  follow s th e pattern ,  participant s woul d b e 
require d t o remembe r  al l  si x position s o f  som e instances . 
Sinc e ther e ar e m a n y instance s (i.e. ,  6 !  =  720 )  tha t  follo w 
th e pattern ,  th e probabilit y  tha t  an y o f  th e instance s appea r 
severa l  time s i s ver y low .  Therefore ,  th e knowledg e o f 
particula r  instance s i s no t  usefu l  either .  I n short ,  th e 

improvemen t  i n th e tas k performanc e ca n no t  b e accounte d 
fo r  b y participants '  knowledg e o f  an y particula r  instance s o r 
fragmen t  o f  instances . 

The Explicit Measures 

T o demonstrat e tha t  participant s wer e abl e t o lear n thi s tas k 
withou t  correspondin g explici t  knowledge ,  thre e test s o f 
explici t  knowledg e wer e use d i n th e presen t  study .  Ther e 
wer e a  postexperimenta l  interview ,  a  recognitio n tes t  an d 
free  generation .  I n al l  thre e explici t  measures ,  participant s 
wer e clearl y aske d t o retriev e wha t  the y ha d learne d i n th e 
trainin g phase .  I n th e postexperimenta l  interview ,  i f 
participant s k n o w th e pattern ,  the y shoul d hav e n o proble m 
reportin g it ,  sinc e th e patter n i s eas y t o verbalize .  A s t o th e 
recognitio n an d Ire e generatio n tests ,  a s mentione d before , 
most  studie s usin g thes e test s hav e foun d a n associatio n 
betwee n tas k performanc e an d explici t  knowledge .  Eve n 
thoug h ther e ar e controversie s ove r  whethe r  thes e tw o test s 
ar e appropriat e measure s o f  explici t  knowledg e (e.g. ,  Lee , 
1995 ;  Mathews ,  1990 ;  Rebe r  e t  a l  1985 ;  Willingham , 
Greele y &  Bardone ,  1993) ,  t o b e conservativ e th e presen t 
stud y adopte d a  stricte r  criterio n fo r  demonstratin g implici t 
learning .  Th e recognitio n an d free  generatio n test s wer e 
adde d t o th e verbalizatio n t o measur e explici t  knowledge . 

Based o n th e natur e o f  th e patter n use d i n th e presen t 
study ,  i f  learnin g occurs ,  participants '  performanc e i n term s 
of  reactio n tim e an d improvemen t  i n reactio n tim e shoul d b e 
i n th e followin g order ,  from  th e bes t  t o worst :  th e sixth , 
fifth,  fourth ,  third ,  second ,  an d first  trials .  Sinc e eac h 
stimulu s appear s i n eac h o f  th e si x location s exactl y onc e 
withi n eac h run ,  th e locatio n o f  th e first  tria l  i n eac h ru n i s 
randoml y determined .  A s th e tria l  proceeds ,  th e numbe r  o f 
possibl e position s decreases .  Fo r  example ,  i f  th e first  trial s 
i s i n positio n 3 ,  the n ther e wil l  b e 5  position s lef t  fo r  th e 
secon d trial .  I f  th e secon d positio n i s 4 ,  the n th e possibl e 
position s fo r  th e thir d tria l  wil l  b e th e res t  o f  di e fou r 
position s (1 ,  2 ,  5 ,  an d 6) .  Th e sam e logi c applie s t o th e 
res t  o f  th e trials .  Th e location s o f  th e sixt h tria l  thu s i s 
completel y determine d b y th e locatio n o f  th e previou s 5 
trials .  I f  participant s lear n th e pattern ,  the y shoul d respond 
fastes t  t o th e sixt h trial ,  an d improvemen t  shoul d als o 
increas e a s trainin g proceeds .  O n th e othe r  hand ,  fo r  th e firs t 
tria l  o f  eac h run ,  th e decreas e i n reactio n tim e shoul d b e 
simila r  t o al l  trial s i n th e rando m sequence .  I n addition , 
when a  rando m sequenc e i s presented ,  ther e shoul d b e n o 
differenc e i n performanc e betwee n an y trial s o f  eac h run . 
Th e patter n o f  th e sequenc e i n th e presen t  stud y ha s th e 
followin g statistica l  structur e (Stadler ,  1992) :  th e sixt h tria l 
of  eac h ru n ha s th e highes t  leve l  o f  statistica l  structure ,  an d 
th e statistica l  consti-ain t  decrease s from  th e sixt h t o th e firs t 
trial ,  i n whic h th e sequenc e i s randoml y determined . 

The Purpose of This Study 

Th e purpos e thi s stud y w a s first  t o examin e whethe r 
participant s wer e abl e t o lear n th e patter n use d i n th e presen t 
study .  Specifically ,  wer e ther e an y difference s i n reactio n 
time  betwee n th e first  an d sixt h trials ,  w h e n participant s 
wer e presente d wit h th e patterne d sequenc e a s oppose d t o a 
rando m sequence ? Secondly ,  thi s stud y aime d t o explor e 
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syslematicall y th e rol e o f  explici t  knowledg e i n th e seria l 
reactio n tim e task . 

Method 

Participants and Design 

Participant s i n thi s stud y wer e student s from  introductor y 
psycholog y course s a t  th e Chines e Universit y o f  Hon g 
Kong ,  participatin g voluntaril y  t o fulfil l  par t  o f  thei r  cours e 
requirements .  O n e hundre d an d fou r  participant s age d 1 9 t o 
2 2 too k par t  i n thi s experiment .  The y wer e randoml y 
assigne d t o on e o f  th e followin g groups :  th e contro l  group , 
th e unawar e group ,  th e pattern-searc h group ,  o r  th e pattern -
tol d group . 

Apparatus and Display 

Th e experimen t  wa s ru n o n a n I B M 48 6 computer .  Th e 
displa y consiste d o f  si x circle s arrange d i n a  horizonta l  lin e 
on th e cente r  o f  th e compute r  scree n an d separate d b y a 
interva l  o f  0. 8 c m .  Eac h circl e wa s 3. 5 c m i n diameter . 
Th e viewin g distanc e wa s 5 8 c m ,  an d th e distanc e betwee n 
th e center s o f  an y tw o adjacen t  circle s subtende d a  visua l 
angl e o f  4o .  Eac h circl e corresponde d t o a  ke y o n th e 
compute r  keyboard .  Th e si x correspondin g key s wer e "s" , 
"d" ,  "f' ,  " j " ,  "k" ,  an d "1" .  Th e spatia l  configuratio n o f  th e 
key s wa s entirel y compatibl e wit h th e scree n position . 
Stimulu s presentatio n consiste d o f  on e o f  th e si x circle s 
becomin g filled.  Reactio n tim e wa s measure d a s elapse d 
tim e betwee n th e onse t  o f  th e stimulu s an d th e participant' s 
correc t  response . 

Stimulus Sequence. In the experimental condition, the 
stimulu s appeare d i n eac h o f  th e si x position s onl y onc e 
withi n eac h ru n o f  si x trials .  Th e sequenc e o f  thes e si x 
stimul i  appeare d randomly .  However ,  sinc e repeate d stimul i 
elici t  shorte r  reactio n time s independentl y o f  thei r 
probabilit y  o f  presentation ,  th e sequenc e di d no t  us e th e 
same locatio n o n an y tw o consecutiv e trials .  Fo r  th e 
contro l  condition ,  th e sequenc e o f  th e stimul i  wa s random , 
wit h th e sam e constrain t  tha t  ther e wer e n o immediat e 
repetition s o f  a  particula r  location .  Fo r  bot h experimenta l 
and contro l  conditions ,  eac h participan t  receive d a  differen t 
rando m orde r  o f  stimuli . 

Procedure 

Participant s first  receive d instruction s abou t  th e natur e o f  th e 
experiment .  The y wer e tol d tha t  th e purpos e o f  th e 
experimen t  wa s t o discove r  mor e abou t  h o w peopl e lear n 
typin g skill s  an d effect s o f  practic e o n suc h learning .  The y 
wer e the n instructe d t o plac e thei r  fingers  o n th e keyboar d i n 
a norma l  typin g position .  I n othe r  words ,  the y wer e require d 
t o pu t  fou r  fingers  o f  eac h han d o n th e "a" ,  "s" ,  "d" ,  " f ,  " j " , 
"k" ,  "1" ,  an d "; "  keys .  T h e experimen t  wa s starte d whe n 
participant s presse d Ui e spac e bar .  Participant s the n presse d 
th e appropriat e ke y i n respons e t o th e filled  circl e a s quickl y 
and accuratel y a s possible .  Onc e participant s presse d th e 
correc t  key ,  th e filled  circl e returne d bac k t o th e origina l 
color .  Otherwise ,  th e filled  circl e staye d i n th e sam e 
location ,  an d th e time r  kep t  runnin g unti l  th e participant s 

presse d th e correc t  key .  A  warnin g ton e sounde d t o aler t 
participant s whe n the y ha d mad e a  mistak e b y pressin g a n 
incorrec t  key . 

Al l  participant s receive d a  tota l  o f  7  trainin g blocks ,  wit h 
tw o extr a block s a s practic e trial s befor e training .  Fo r  th e 
experimenta l  group ,  th e sequenc e o f  th e stimul i  followe d th e 
pattern ,  whil e fo r  th e contro l  group ,  th e sequence s o f  th e 
stimul i  wer e random .  Ther e wer e a  tota l  o f  18 0 trial s i n 
eac h block .  Thus ,  fo r  th e experimenta l  condition ,  th e 
patter n repeate d 3 0 times .  Th e frequency  o f  occurrenc e o f 
eac h locatio n wa s th e sam e (i.e. ,  3 0 times )  fo r  bot h 
experimenta l  an d contro l  conditions .  . 

Th e unawar e grou p wa s give n th e standar d instructions . 
Participant s i n th e pattern-searc h grou p wer e tol d tha t  ther e 
was a  patter n determinin g th e sequenc e o f  th e stimul i  an d 
tha t  the y shoul d searc h fo r  thi s patter n whil e performin g th e 
reactio n tim e task .  The y wer e als o tol d tha t  afte r 
completin g th e training ,  the y woul d b e teste d fo r  th e pattern . 
For  th e pattern-tol d group ,  befor e training ,  th e experimente r 
explaine d th e patter n t o th e participant s an d gav e example s 
tha t  followe d th e patter n an d example s tha t  di d no t  follo w 
th e pattern .  T o ensur e tha t  participant s understoo d th e 
pattern ,  the y wer e give n 5  sequence s o n a  piec e o f  pape r  an d 
wer e aske d t o choos e thos e sequence s tha t  followe d th e 
pattern .  Th e experimente r  correcte d the m i f  the y mad e 
mistakes . 

As fo r  th e measure s o f  explici t  knowledge ,  first  o f  all ,  al l 
participant s wer e aske d t o perfor m a  recognitio n test .  Th e 
onl y differenc e betwee n th e recognitio n tes t  an d th e trainin g 
tas k wa s tha t  i n th e recognitio n tes t  eac h tim e afte r 
participant s m a d e 6 ,  12 ,  o r  1 8 responses ,  the y wer e aske d t o 
judg e i f  th e sequenc e o f  thes e stimul i  followe d th e patte m 
appearin g i n training .  N o feedbac k wa s given .  A  questio n 
was complete d afte r  participant s mad e a  "yes "  o r  "no " 
decision .  Ther e wer e a  tota l  o f  1 8 question s i n th e 
recognitio n test . 

Afte r  th e recognitio n test ,  al l  participant s wer e the n 
instructe d t o generat e si x stimul i  i n th e sequenc e tha t  the y 
though t  followe d th e patte m appearin g i n training . 
Participant s looke d a t  th e si x circle s i n th e compute r  scree n 
whil e pressin g th e correspondin g key s t o indicat e th e 
sequenc e o f  th e si x stimuli .  Wit h eac h ke y tha t  wa s pressed , 
th e correspondin g circl e o n th e displa y becam e filled,  an d 
the n th e circl e returne d t o it s usua l  appearanc e whe n th e nex t 
ke y wa s pressed .  Onc e again ,  n o feedbac k wa s give n t o 
participants .  Finally ,  al l  participant s excep t  fo r  th e pattern -
tol d grou p receive d a  questionnair e containin g question s 
regardin g th e rules .  Sinc e th e pattern-tol d participant s wer e 
tol d th e pattem ,  the y wer e no t  aske d thes e thre e questions . 

Results 

Task Performance 

O ne participan t  i n th e contro l  group ,  thre e i n th e unawar e 
group ,  an d on e i n th e pattem-tol d grou p wer e exclude d from 
th e dat a analysis ,  becaus e the y mad e to o m a n y error s (mor e 
tha n 1 0 % ) .  O n e participan t  i n th e pattern-searc h grou p wa s 
als o exclude d becaus e h e foun d th e correc t  pattem .  Bot h 
mean erro r  rate s an d mea n reactio n time s o f  correc t  response s 
wer e compute d pe r  participan t  an d block .  Figur e 1  sho w 
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reactio n time s o f  th e first  an d sixt h trial s acros s block s 
separatel y fo r  th e fou r  group s o f  participants . 
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Figur e 1 :  M e a n reactio n time s i n th e first  an d sixt h trial s a s 
a functio n o f  tria l  block s fo r  th e contro l  an d thre e 

experimenta l  groups . 

A 4 (4 groups of participants) x 2 (first vs. sixth trials) x 
7 (bloc k 1  t o bloc k 7 )  mixed-desig n A N O V A w a s carrie d 
out .  Ther e wer e significan t  ma i n effect s o f  bot h trial ,  F (  1 , 
90 )  =  48.81 ,  M S e =  4273.27 ,  p  <  .001 ,  an d block ,  F(6 , 
540 )  =  25.28 ,  M S e =  1677.88 ,  p  <  .001 .  Mor e 
importantly ,  ther e wa s a n interactio n betwee n tria l  an d 
group ,  F(3 ,  90 )  =  6.12 ,  M S e =  4273.27 ,  p  <  .001 . 

Post  ho c comparison s (Tuke y H S D test )  showe d tha t  ther e 
was a  significan t  decreas e i n reactio n tim e fro m th e first  t o 
th e sixt h trial s fo r  bot h th e unawar e an d th e pattern-tol d 
group s (p' s <  .001) .  N o suc h differenc e wa s foun d i n eithe r 
th e contro l  o r  pattern-searc h group . 

The averag e erro r  rate s wer e 4.00% ,  4.34% ,  4.40% ,  an d 
4.66 % fo r  th e control ,  unaware ,  pattern-search ,  an d pattern -
tol d groups ,  respectively .  A  2  (contro l  vs .  experimenta l 
groups )  X  2  (firs t  vs .  sixt h trials )  x  7  (bloc k 1  t o bloc k 7 ) 
mixed-desig n A N O V A reveale d tha t  ther e wa s a  significan t 
decreas e i n th e erro r  rat e fro m th e first  tria l  t o th e sixt h trial , 
F(l ,  90 )  =  13.83 ,  M S e =  14.29 ,  u  <  001 .  Mor e 
importantly ,  ther e wa s a n interactio n betwee n tria l  an d 
group ,  F(3 ,  90 )  =  5.75 ,  M S e =  14.29 ,  g  <  .001 .  Pos t  ho c 
comparison s (Tuke y H S D test )  showe d tha t  ther e wer e 
significan t  decrease s i n th e erro r  rat e fro m th e first  t o th e 
sixt h trial s fo r  bot h th e unawar e an d th e pattern-tol d group s 
(C' s <  .01) .  N o suc h difference s wer e foun d i n eithe r  th e 
contro l  o r  th e pattern-searc h groups .  Alon g wit h th e 
reactio n tim e data ,  thes e result s clearl y indicat e bot h unawar e 

and pattern-tol d group s di d bette r  o n th e sixt h tria l  tha n o n 
th e first  trial . 

Measures of Explicit Icnowledge 

M e an percentage s o f  correc t  generatio n an d recognitio n ar e 
presente d i n Tabl e 1 .  Fo r  correc t  generation ,  a  on e wa y 
A N O VA showe d a  significan t  betwee n group s effect ,  F(3 , 
90 )  =  12.60 ,  M S e =  .08 ,  c  <  .001 .  A  pos t  ho c compariso n 
indicate d tha t  th e pattern-tol d grou p generate d mor e correc t 
response s tha n th e othe r  thre e group s (al l  p' s <  .001 )  an d 
tha t  n o difference s wer e foun d betwee n th e othe r  thre e 
groups .  A s fo r  correc t  recognition ,  a  on e w a y A N O V A als o 
showe d a  significan t  betwee n group s effec t  ,  F(3 ,  90 )  = 
6.77 ,  M S e =  .02 ,  p  <  .001 .  A  pos t  ho c compariso n 
indicate d tha t  th e pattern-tol d grou p di d bette r  tha n th e othe r 
thre e group s (al l  g' s  <  .01) .  Th e correc t  percentage s o f 
recognitio n i n th e control ,  unaware ,  an d pattern-searc h 
group s wer e a t  th e chanc e level ,  whil e th e pattern-tol d grou p 
performe d significantl y bette r  tha n th e chanc e leve l  (g ,  < 
.001) .  A s fo r  th e questionnair e data ,  onl y on e participan t  i n 
th e pattern-searc h grou p foun d th e correc t  pattern . 

I n sum ,  th e pattern-searc h participants '  performanc e wa s 
simila r  t o th e contro l  participant s insofa r  a s ther e wa s n o 
differenc e betwee n rando m trial s (th e first  trials )  an d 
structura l  trial s (th e sixt h trials) ,  wherea s th e unawar e an d 
pattern-tol d group s learne d th e pattern .  O n th e othe r  hand , 
onl y participant s i n th e pattern-tol d grou p wer e awar e o f  th e 
pattern ,  a s measure d b y bot h free-generatio n an d recognition . 
The unawar e an d pattern-searc h group s di d no t  diffe r  fro m th e 
contro l  grou p i n thes e tw o measure s o f  explici t  knowledge . 

Experimenta l 
Conditio n 
Contro l 
Unawar e 
Pattern-searc h 
Pattern-tol d 

Fre e Generatio n 

47 
46 
54 
89 

Recognitio n 

48 
55 
56 
67 

Tabl e 1 :  M e a n Percentage s o f  th e Correc t  Generatio n an d 
Recognitio n a s a  Functio n o f  Experimenta l  Conditions . 

General Discussion 

Participants learned the pattern without being aware that 
ther e wa s a  pattern .  Searc h fo r  th e patter n hur t  performance , 
i f  th e participan t  di d no t  find  th e pattern .  Secondly ,  explici t 
knowledg e o f  th e patter n di d facilitat e performance .  Finally , 
bot h free-generatio n an d recognitio n wer e vali d measure s o f 
explici t  knowledge .  W h e n participant s wer e explicitl y  tol d 
th e pattern ,  the y di d bette r  tha n other s o n thes e tw o 
measures . 

The percentag e o f  correc t  recognitio n i n th e pattem-tol d 
grou p wa s onl y 6 6 % ,  eve n thoug h i t  wa s highe r  tha n th e 
othe r  thre e groups .  Thi s resul t  ca n no t  b e full y explaine d b y 
th e fac t  tha t  participant s di d no t  understan d th e pattern ,  sinc e 
at  th e beginnin g o f  th e experiment ,  the y wer e al l  teste d o n 
th e patter n an d correcte d i f  the y mad e errors .  O n e possibl e 
explanatio n i s tha t  recognitio n i s no t  a n eas y tes t  fo r 
participants ,  eve n thoug h the y k n o w th e pattern .  T o 
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determin e i f  th e sequenc e follow s th e pattern ,  participant s 
neede d t o kee p trac k o f  th e beginnin g an d th e en d o f  eac h ru n 
an d remembe r  th e positio n o f  eac h tria l  withi n th e run .  Thi s 
woul d plac e heav y demand s o n participants '  short-ter m 
m e m o ry an d attention .  Thus ,  thei r  performanc e wa s no t  a s 
goo d a s expected . 

O ne o f  th e criticism s abou t  usin g verbalizatio n t o measur e 
explici t  knowledg e i s tha t  th e patter n m a y fo r  som e reaso n 
be difficul t  t o verbalize .  Th e fac t  tha t  on e participan t  i n th e 
pattern-searc h grou p reporte d th e correc t  patter n indicate s 
tha t  i t  w a s possibl e t o verbaliz e th e pattern .  Thi s rule s ou t 
th e possibilit y  tha t  participant s wer e awar e o f  th e pattern , 
but  th e patter n i s to o comple x o r  difficul t  t o b e verbalized . 

Dissociation between Explicit knowledge and 
P e r f o r m a n c e 

Thi s stud y indicate d tha t  participant s learne d th e patter n i n 
th e seria l  reactio n tim e task ,  ye t  withou t  bein g awar e o f  th e 
pattern .  I n non e o f  thre e measure s o f  explici t  knowledg e di d 
participant s revea l  awarenes s o f  th e pattern .  Thes e result s 
ar e significan t  becaus e studie s usin g fre e generatio n an d 
recognitio n usuall y revea l  a n associatio n betwee n 
performanc e an d explici t  knowledg e (e.g. ,  Perruche t  & 
A m o r i m ,  1992 ;  Perruche t  &  Gallego ,  1993) .  Accordin g t o 
Perruche t  an d colleagues ,  free  generatio n wit h direc t  tes t 
instructio n i s a  "genuin e explici t  m e m o r y test. "  I n th e free-
recal l  test ,  participant s wer e allowe d t o expres s 
spontaneousl y wha t  the y ha d learned .  Th e presen t  stud y di d 
not  find  an y differenc e i n free  generatio n betwee n th e contro l 
and experimenta l  groups ,  indicatin g tha t  eve n th e free 
generatio n tes t  coul d no t  detec t  participants '  awarenes s o f  th e 
pattern . 

A s fo r  recognition ,  i t  wa s a  mor e sensitiv e inde x o f 
explici t  knowledg e tha n eithe r  free  generatio n o r 
verbalizatio n (Perruche t  &  A m o r i m ,  1992 ;  Perruche t  & 
Gallego ,  1993) .  Onc e again ,  ther e wa s n o differenc e 
betwee n th e contro l  an d experimenta l  groups ,  wit h bot h 
performin g a t  th e chanc e level .  Alon g wit h th e fac t  tha t 
onl y on e participan t  i n th e pattem-searc h grou p reporte d th e 
patter n o n th e questionnaire ,  th e presen t  stud y provide s clea r 
evidenc e fo r  th e dissociatio n betwee n performanc e an d 
explici t  knowledge . 

The Nature of Learning 

Th e presen t  stud y als o suggest s tha t  participant s learne d th e 
patter n itsel f  an d no t  simpl y relativ e frequencies  o f  stimulu s 
location s o r  an y particula r  instance s o f  sequences .  Learnin g 
th e relativ e frequencies  o f  eac h stimulu s canno t  explai n 
participants '  performanc e o n th e task ,  sinc e th e frequencies 
of  eac h stimulu s wer e exactl y th e sam e fo r  bot h th e 
experimenta l  an d contro l  groups .  Remember in g an y 
particula r  instance s coul d no t  accoun t  fo r  th e performanc e i n 
trainin g eithe r  becaus e th e sequenc e withi n a  ru n wa s 
randoml y determined .  Thus ,  th e learnin g syste m mus t 
s o m e h o w detec t  th e patter n determinin g th e locatio n o f  th e 
las t  stimulus . 

W h at  i s th e natur e o f  th e syste m tha t  underlie s implici t 
seria l  learning ? Ther e wer e n o uniqu e pairwis e association s 
withi n a  cycl e o f  si x trials ,  thu s a  pur e associativ e 
mechanis m canno t  accoun t  fo r  learnin g th e pattern .  Th e 

learnin g mechanis m mus t  no t  onl y b e abl e t o recogniz e 
repetition s o f  th e pattern ,  bu t  als o t o registe r  th e response s 
of  al l  si x trials .  I n othe r  words ,  bot h parsin g an d short-ter m 
m e m o ry mechanism s mus t  b e involved .  A s fo r  th e 
representatio n o f  sequentia l  structures ,  th e presen t  stud y als o 
provide s evidenc e fo r  a n aggregat e representatio n a s oppose d 
t o a  verbati m representatio n (Stadler ,  1992) .  System s 
designe d t o represen t  repeatin g sequence s canno t  accoun t  fo r 
th e learning ,  sinc e ther e i s n o repeatin g sequenc e t o b e 
represented .  Participant s di d no t  acquir e litera l 
representation s o f  th e sequence s bu t  instea d the y acquire d a 
representatio n o f  th e occurrenc e o f  eac h stimulus .  A 
computationa l  mode l  i s unde r  developmen t  t o tes t  thi s vie w 
formally ,  an d i t  i s predicte d tha t  a  simpl e recurren t  network , 
whic h i s widel y use d t o accoun t  fo r  othe r  type s o f  seria l 
learnin g (e.g. ,  Cleereman s &  McClelland ,  1991) ,  m a y no t 
abl e t o mode l  th e performanc e i n th e presen t  study . 

The Role of Explicit Knowledge 

Explici t  knowledg e o f  th e patter n no t  onl y wa s th e resul t  o f 
training ,  bu t  als o facilitate d th e performanc e i n training . 
W h en th e participant s wer e explicitl y  tol d th e patter n o f  th e 
sequence ,  the y use d thi s knowledg e t o for m attentiona l 
expectancie s regardin g th e nex t  location s i n th e sequence . 
Thi s effec t  i s  additiv e t o th e effect s o f  trainin g an d thu s 
increase s overal l  improvemen t  wit h training . 

On th e othe r  hand ,  knowin g tha t  ther e wa s a  patter n an d 
activel y searchin g fo r  th e patter n di d no t  facilitat e learning . 
Thi s i s i n accor d wit h severa l  othe r  studie s tha t  sho w tha t 
explici t  strategie s playe d onl y a  negligibl e rol e durin g 
learnin g (Cleereman s &  McClelland ,  1991 ;  Lee ,  1995 ; 
Reber ,  1976) .  Thes e result s sugges t  tha t  seria l  learnin g i s 
implici t  no t  onl y i n th e sens e tha t  participant s ar e no t  awar e 
of  th e pattern ,  bu t  als o i n th e sens e tha t  learnin g i s 
unaffecte d b y intention .  Furthermore ,  w h e n participant s di d 
not  find  th e pattern ,  a n activ e searc h fo r  th e patter n actuall y 
impaire d periformance .  Searchin g fo r  th e patter n wa s a  tas k 
secondar y t o th e origina l  seria l  learnin g task ,  an d i t  interfere d 
wit h th e training .  Thi s interferenc e m a y resul t  from  th e 
limit s o f  short-ter m m e m o r y ,  a s suggeste d b y Frensch , 
Buchne r  &  Li n (1994) .  Furthe r  studie s ar e neede d t o specif y 
h o w thi s kin d o f  distracte r  tas k affect s performance . 

Eve n thoug h s o m e participant s wer e tol d th e pattern ,  thei r 
performanc e wa s no t  necessaril y  base d entirel y o n thei r 
explici t  knowledg e o f  th e pattern .  I f  the y relie d onl y o n th e 
knowledg e o f  th e patter n durin g training ,  the n the y neede d t o 
kee p trac k no t  onl y o f  th e beginnin g an d th e en d o f  eac h run , 
but  als o o f  th e positio n o f  al l  si x trial s withi n a  run .  Thi s 
woul d plac e m a n y demand s o n attentio n an d memory .  A 
mor e plausibl e scenari o i s tha t  performanc e wa s th e resul t  o f 
bot h implici t  an d explici t  learning . 

I n conclusion ,  th e presen t  stud y provide s evidenc e fo r 
implici t  rule-base d learnin g i n th e seria l  reactio n tim e tas k 
and clarifie s th e rol e o f  explici t  knowledg e o n performance . 
Explici t  knowledg e o f  th e patter n facilitate d performance . 
On th e othe r  hand ,  th e intentiona l  searc h fo r  th e patter n hur t 
performanc e i f  th e patter n wa s no t  found . 
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