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Abstrac t 

The experiment reported in this paper provides evidence 
tha t  ther e ar e a t  leas t  tw o independen t  implici t  learnin g 
mechanism s i n implici t  learning :  a n efficienc y 
mechanism ,  whic h underlie s change s i n reactio n tim e t o 
patterne d stimuli ,  an d a  conceptua l  fluenc y mechanism , 
whic h underlie s th e abilit y t o mak e judgment s abou t 
stimul i  base d o n implici t  knowledge .  Eac h o f  thes e 
implici t  mechanism s i s  independen t  o f  explici t  learning . 
Subject s performe d a  seria l  reactio n tim e tas k unde r  on e o f 
thre e learnin g condition s (nonattentional ,  attentiona l  an d 
observational )  fo r  on e o f  thre e stud y length s (2 ,  6  o r  1 2 
blocks) .  Subject s the n complete d fiv e test s o f  thei r 
knowledge :  attentiona l  an d nonattentiona l  reactio n tim e 
task s (measurin g tw o kind s o f  efficienc y learning) , 
awarenes s questionnair e (measurin g explici t  knowledge )  ,  a 
generatio n task ,  an d a  conceptua l  fluenc y task .  Correlatio n 
analyse s an d criterio n analyse s foun d n o dependencie s 
betwee n th e measure s i n lo w awarenes s subjects .  I n 
addition ,  th e measure s wer e influence d differentl y b y th e 
independen t  variable s o f  learnin g conditio n an d stud y 
length ;  thes e dissociation s indicat e separat e underlyin g 
mechanisms .  Implication s o f  th e existenc e o f  multipl e 
implici t  mechanism s fo r  connectionis t  modelin g o f 
implici t  learnin g ar e drawn . 

Implicit learning, particularly implicit sequence learning 
suc h a s tha t  show n i n th e seria l  reactio n tim e tas k (SRT) , 
has recentl y bee n th e subjec t  o f  man y connectionis t  model s 
(Cleeremans ,  1993a ,  1993b ;  Cleereman s &  McClelland , 
1991 ;  Keel e &  Jennings ,  1992 ;  Kushner ,  Cleeremans ,  & 
Reber ,  1990) .  Thi s i s  no t  surprising ,  becaus e implici t 
learnin g i s  especiall y suite d t o bein g modele d b y 
connectionis t  mechanisms :  I t  i s a  proces s tha t  learn s fro m 
exemplar s b y inducin g similaritie s an d pattern s i n th e input . 
However ,  model s o f  implici t  learnin g hav e tende d t o assum e 
tha t  implici t  learnin g i s a  singl e process .  Thi s pape r 
provide s evidenc e tha t  implici t  learnin g m a y involv e a t  leas t 
tw o independen t  learnin g mechanisms :  a n efficienc y 
mechanism ,  whic h underlie s change s i n spee d o f  respons e 
toward s patterne d stimuli ,  an d a  conceptua l  fluenc y 
mechanism ,  whic h underlie s th e abilit y  t o m a k e judgment s 
abou t  stimul i  base d o n implici t  knowledge . 

Implici t  learnin g ha s bee n define d a s incidenta l  learnin g 
of  comple x pattern s withou t  accompanyin g verbalizabl e 
know ledg e sufficien t  t o accoun t  fo r  performance ; 
additionally ,  implici t  learnin g i s preserve d i n subject s wit h 
amnesi a (Seger ,  1994) .  Ther e ar e m a n y experimenta l  task s 

tha t  mee t  thi s definitio n o f  implici t  learning ;  i n additio n t o 
S R T,  th e bes t  know n o f  thes e includ e artificia l  gramma r 
learnin g an d dynami c system s learning .  I n a n analysi s o f 
implici t  learnin g tasks ,  Sege r  (1994 )  foun d tha t  the y involv e 
thre e ver y differen t  dependen t  measures ,  o r  respons e 
modalities .  Th e first  respons e modalit y i s  conceptua l 
fluency:  Subject s m a k e judgment s abou t  stimul i  (suc h a s 
grammaticalit y judgment s i n artificia l  gramma r  learning) , 
usuall y reportin g tha t  the y rel y o n thei r  intuitio n o r  feeling s 
of  knowin g a s th e basi s o f  thei r  judgments .  Th e secon d i s 
efficiency :  Subject s sho w tha t  the y hav e learne d vi a thei r 
increase d spee d and/o r  accurac y i n processin g th e stimuli . 
Th e thir d i s predictio n an d control :  Subject s demonstrat e 
learnin g b y accuratel y predictin g o r  controllin g som e aspec t 
of  th e stimuli ,  a s i n dynami c system s research .  O n th e 
surface ,  thes e dependen t  measure s ar e quit e different ,  an d 
see m t o requir e quit e differen t  menta l  processing ;  however ,  i t 
i s  possibl e tha t  eac h measur e tap s th e sam e implici t 
representation ,  an d tha t  an y difference s i n th e typ e o f 
respons e elicite d ar e irrelevan t  a s fa r  a s learnin g i s concerned . 
For  th e mos t  part ,  eac h implici t  learnin g tas k ha s utilize d 
onl y on e o f  th e possibl e respons e modalities .  Th e fe w 
studie s tha t  hav e teste d learnin g vi a mor e tha n on e respons e 
modalit y hav e yielde d conflictin g result s concernin g th e 
independenc e o f  th e mechanism s underlyin g th e respons e 
modalitie s (Seger ,  1994) . 

Th e experimen t  presente d her e ha s a s it s goa l  t o examin e 
learnin g vi a tw o respons e modalities ,  efficienc y an d 
conceptua l  fluency,  i n a  singl e task ,  S R T .  Predictio n an d 
contro l  wa s no t  use d a s a  respons e modalit y because ,  despit e 
extensiv e pilo t  testing ,  i t  prove d impossibl e t o find  a  tas k 
on whic h subject s sho w th e abilit y t o predic t  stimul i 
withou t  havin g explici t  knowledg e o f  th e pattern .  I n S R T 
subject s vie w a  serie s o f  identica l  stimul i  tha t  appea r  i n 
differen t  locations ,  an d fo r  eac h stimulu s locatio n pres s a 
correspondin g key .  Th e stimulu s location s follo w a  se t 
sequence ;  learnin g o f  th e sequenc e i s  measure d vi a th e 
efficienc y respons e modalit y a s th e differenc e i n reactio n 
tim e betwee n sequenc e block s an d block s i n whic h th e 
stimul i  ar e presente d randomly .  Althoug h som e subject s d o 
become awar e o f  th e sequenc e durin g learning ,  awar e an d 
unawar e subject s bot h sho w a  patter n o f  reactio n tim e 
decreas e (Willingham ,  Nissen ,  &  B u U e m e r ,  1989) , 
indicatin g tha t  implici t  learnin g ca n occu r  independen t  o f 
awareness .  Curra n an d Keel e (1993 )  argu e tha t  ther e ar e tw o 
independen t  mechanism s i n S R T ,  a n attentiona l  mechanis m 
and a  nonattentiona l  mechanism ;  bot h type s o f  learnin g ar e 
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measure d vi a th e efficienc y respons e modalit y i n thei r 
experiments .  Th e experimen t  presente d her e investigate s th e 
independenc e o f  conceptua l  fluenc y an d bot h o f  thes e type s 
of  efficienc y learning . 

Ther e ar e severa l  reason s t o suspec t  tha t  efficienc y an d 
conceptua l  fluenc y ar e subserve d b y differen t  learnin g 
mechanisms .  First ,  som e researc h indicate s tha t  efficienc y 
tas k performanc e i s  linke d t o moto r  response s mad e b y 
subject s (Cunningham ,  Healy ,  &  Williams ,  1984 ;  Miller , 
1987 ;  Stadler ,  1989 ;  Willingha m e t  al. ,  1989 ;  bu t  se e als o 
Howard ,  Mutte r  an d Howard ,  1992) ,  thoug h a t  a  leve l  highe r 
tha n tha t  o f  th e selectio n o f  particula r  moto r  effector s 
(Cohen ,  Ivry ,  &  Keele ,  1990) .  Conceptua l  fluenc y tasks , 
on th e othe r  hand ,  requir e n o moto r  involvemen t  an d instea d 
involv e makin g judgment s abou t  purel y perceptua l  stimuli . 

Second ,  neuropsychologica l  evidenc e implie s tha t 
multipl e brai n areas ,  whic h m a y correspon d t o differen t 
mechanisms ,  underli e implici t  learning .  Implici t  learnin g i s 
preserve d i n subject s wit h amnesia ,  indicatin g tha t  implici t 
learnin g i s  dependen t  o n neura l  system s othe r  tha n th e 
hippocampal-diencephali c system s tha t  underli e explici t 
memory (Squire ,  1992) .  Candidat e system s includ e 
corticostriata l  system s (damage d i n Huntington' s disease , 
H D,  an d Parkinson' s disease ,  P D )  an d cortica l  associatio n 
area s (damage d i n Alzheimer' s disease ,  A D ) .  Severa l  studie s 
(Knopma n &  Nissen ,  1991 ;  Ferraro ,  Balota ,  &  Connor , 
1993 )  hav e foun d tha t  H D an d P D subject s ar e impaire d o n 
th e SRT ;  thes e patient s ar e als o impaire d o n motori c 
implici t  memor y task s (Heinde l  et .  al. ,  1989) .  Thi s patter n 
i s consisten t  wit h th e efficienc y mechanis m bein g relate d t o 
moto r  programmin g system s an d relian t  o n corticostriata l 
systems .  Cortica l  associatio n areas ,  o n th e othe r  hand ,  hav e 
been implicate d i n implici t  m e m o r y test s involvin g 
perceptua l  an d conceptua l  primin g (Heinde l  e t  al. ,  1991 ; 
Keane e t  al. ,  1991),whic h ar e a t  leas t  conceptuall y simila r  t o 
implici t  learnin g experiment s usin g th e conceptua l  fluenc y 
respons e modality .  Thi s associatio n implie s tha t  subject s 
wit h A D m a y wel l  b e impaire d o n conceptua l  fluenc y 
measures ,  bu t  shoul d b e unimpaire d o n efficienc y measures . 
Studie s o n S R T wit h A D subject s t o dat e hav e produce d 
mixe d results ;  Ferrar o e t  al .  (1993 )  foun d overal l 
impairment ,  bu t  K n o p m a n an d Nisse n (1987 )  foun d tha t 
most  A D subject s ar e no t  impaire d o n S R T .  Interestingly , 
th e subgrou p tha t  wa s impaire d als o tende d t o b e impaire d 
on othe r  spatia l  tasks ,  implyin g tha t  thei r  inabilit y  t o lear n 
th e sequenc e wa s du e t o impairment s i n spatia l  cognition . 

Method 
Subject s 
Subject s wer e 18 0 mal e an d femal e U C L A student s wh o 
participate d i n partia l  fulfillmen t  o f  a  cours e requirement . 

Design 
A 3  X  3  between-subject s desig n wa s used .  Th e first 

independen t  variabl e wa s th e learnin g tas k performed ,  wit h 
thre e levels :  nonattentiona l  learnin g (unde r  dua l  tas k 
conditions) ,  attentiona l  learning ,  an d observationa l  learning . 
The secon d independen t  variabl e wa s th e lengt h o f  th e 
learnin g task :  shor t  ( 2 blocks) ,  mediu m ( 6 blocks )  an d lon g 
(1 2 blocks) . 

Material s 
Al l  o f  th e experimenta l  task s an d instruction s (wit h th e 
exceptio n o f  th e awarenes s questionnaire )  wer e presente d t o 
subject s o n a  Macintos h n  compute r  runnin g MacProb e 
software .  Th e displa y consiste d o f  a  blan k scree n wit h fou r 
ope n circle s o f  1  c m diameter ,  evenl y space d horizontally ; 
th e tw o en d circle s wer e separate d b y approximatel y 7 
degree s o f  visua l  angle .  O n eac h trial ,  on e o f  th e fou r  circle s 
was filled  i n t o b e a  soli d blac k do t  an d wa s returne d t o 
bein g a n ope n circl e befor e th e nex t  tria l  began .  Stimul i 
wer e presente d i n block s o f  5 0 trials ,  wit h res t  break s 
betwee n them .  Ther e wer e tw o kind s o f  blocks ,  rando m an d 
sequenc e blocks .  I n rando m blocks ,  th e dot s appeare d a t  an y 
of  th e fou r  position s randomly ,  subjec t  t o th e constraint s 
tha t  th e sam e locatio n wa s neve r  repeate d o n adjacen t  trials , 
and tha t  th e overal l  frequenc y wit h whic h eac h locatio n wa s 
chose n matche d th e frequency  wit h whic h i t  appeare d i n th e 
sequenc e blocks .  I n th e sequenc e blocks ,  th e dot s appeare d 
i n a  se t  sequenc e o f  lengt h 10 ,  whic h wa s th e sam e fo r  al l 
subjects :  B D B C A B C D B C.  Eac h bloc k starte d a t  a  randoml y 
determine d positio n withi n th e sequence .  Ther e wer e 5 
differen t  sequenc e positio n t o scree n locatio n assignments , 
counterbalance d acros s subjects ,  s o that ,  fo r  example ,  fo r 
some subject s th e positio n "A "  wa s th e rightmos t  circle , 
wherea s fo r  othe r  subject s "A "  wa s th e middle-lef t  circle . 

The task s tha t  subject s performe d ar e eac h outline d 
below ,  alon g wit h th e respons e modalit y eac h wa s designe d 
t o b e a  measur e o f  I t  shoul d b e note d tha t  th e sam e 
stimulu s sequenc e wa s use d i n al l  o f  th e tasks ;  th e onl y 
differenc e wa s i n ho w th e subjec t  wa s aske d t o respon d t o it . 

Reaction time task (efficiency): Subjects were 
instructe d t o pres s th e ke y correspondin g t o eac h dot ;  th e 
key s V ,  b ,  n ,  an d m o n th e botto m ro w o f  th e compute r 
keyboar d wer e used .  Ther e wer e tw o form s o f  thi s task .  I n 
th e nonattentiona l  for m o f  th e task ,  subject s wer e give n a 
ton e countin g tas k t o perfor m i n paralle l  wit h th e butto n 
pressin g task .  Afte r  eac h ke y press ,  on e o f  tw o tone s wa s 
playe d t o th e subjec t  ove r  headphones .  Th e subjec t  wa s tol d 
t o kee p i n min d a  runnin g tota l  o f  th e numbe r  o f  hig h tones , 
and wa s aske d t o repor t  tha t  numbe r  a t  th e en d o f  eac h block . 
I n th e attentiona l  for m o f  th e task ,  subject s ar e no t  give n a 
dual  tas k t o perform .  Thes e task s wer e use d i n bot h th e 
learnin g an d testin g phase s o f  th e experiment .  T w o measure s 
wer e elicite d fro m eac h subject :  Eff-at t  an d Eff-non .  Eac h 
measur e i s calculate d b y takin g th e differenc e betwee n th e 
mean o f  media n reactio n time s fo r  eac h repetitio n o f  th e 
sequenc e i n th e sequenc e block s an d th e averag e o f  th e mea n 
of  media n reactio n time s fo r  eac h grou p o f  1 0 stimul i  i n th e 
tw o surroundin g rando m blocks . 

Observation task (learning task appropriate to conceptual 
fluency):  I n thi s tas k subject s wer e aske d t o watc h th e scree n 
withou t  makin g an y over t  respons e a s th e dot s wer e 
presented .  Thi s tas k wa s develope d t o b e a  neutra l  non -
respons e learnin g conditio n simila r  t o tha t  use d i n implici t 
learnin g smdie s investigatin g conceptua l  fluency  knowledge , 
and wa s use d i n th e learnin g phas e only . 

Recognition task (conceptual fluency): In this task 
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subject s wer e show n a  serie s o f  sequence s o f  dot s o f  lengt h 
4,  5 ,  o r  6  an d wer e aske d t o indicat e fo r  eac h sequenc e 
whethe r  i t  i s  correc t  o r  not .  Subject s mad e judgment s abou t 
6 0 differen t  sequences ,  eac h o f  whic h wer e presente d twice . 
Hal f  o f  th e sequence s wer e correc t  (i.e. ,  a  subsequenc e o f  th e 
sequenc e th e subjec t  wa s traine d on )  an d hal f  wer e incorrect . 
Thi s tas k wa s intende d t o b e simila r  t o th e grammaticalit y 
test s use d i n artificia l  gramma r  experiment s (Reber ,  1989) ; 
therefore ,  subject s wer e give n instruction s i n whic h the y 
wer e encourage d t o rel y o n thei r  intuitio n an d feeling s o f 
knowing ,  no t  o n conscious ,  explici t  recognition .  Sege r 
(1994 )  argue d tha t  recognitio n ca n b e carrie d ou t  vi a 
conceptua l  fluenc y i f  subject s ar e willin g t o mak e 
recognitio n judgment s throug h a  proces s o f  attributio n o f 
thei r  subjectiv e feeling s o f  fluenc y rathe r  tha n usin g explici t 
memory processes .  T w o measure s wer e derive d fro m thi s 
task .  Th e first  (CF-all )  i s  a n overal l  measur e o f  h o w wel l 
subject s discriminat e correc t  fro m incorrec t  sequenc e 
segments .  Th e secon d (CF-HO )  i s a  measur e o f  th e amoun t 
of  knowledg e tha t  subject s hav e abou t  th e higher-orde r 
propertie s o f  th e string .  Th e secon d measur e i s calculate d b y 
comparin g h o w wel l  subject s discriminat e betwee n correc t 
sequenc e segment s an d incorrec t  sequenc e segment s i n whic h 
th e pair s o f  adjacen t  element s ar e correc t  (i.e. ,  al l  o f  th e pair s 
i n th e sequenc e segmen t  appea r  i n th e actua l  sequence) ,  bu t 
th e higher-orde r  patter n i s incorrect .  D-prim e score s wer e 
calculate d fo r  bot h CF-al l  an d C F - H O t o contro l  fo r 
respons e biases . 

Generation task: In this task subjects were asked to 
attemp t  t o recreat e th e sequenc e tha t  the y wer e expose d t o b y 
pressin g th e sam e button s tha t  the y use d i n th e learnin g 
phase .  Eac h subjec t  wa s aske d t o tr y t o generat e th e 
sequenc e twice ,  an d wa s give n th e startin g do t  t o begi n wit h 
eac h time .  Thre e measure s o f  generatio n abilit y  wer e used : 
Gen- 1 ( 1 stand s fo r  first  order) ,  a  measur e reflectin g h o w 
wel l  th e generate d sequenc e matche d th e bas e frequencie s o f 
th e element s i n th e actua l  sequence ;  Gen- 2 ( 2 stand s fo r 
secon d order) ,  th e numbe r  o f  correc t  pair s o f  element s use d 
i n th e generate d sequence ;  an d G e n - H O ( H O stand s fo r  highe r 
order) ,  th e tota l  lengt h o f  run s o f  lengt h thre e o r  mor e 
presen t  i n th e generate d sequence .  I t  i s  unclea r  whethe r  thi s 
tas k shoul d b e considere d t o reflec t  explici t  knowledge ,  o r 
whethe r  i t  ca n b e performe d b y implici t  processes .  I f  i t  i s 
performe d b y implici t  processes ,  i t  i s  similarl y unclea r 
whethe r  i t  i s relate d t o conceptua l  fluency  o r  efficienc y o r  i f 
i t  i s  independent .  Th e tas k wa s include d fo r  purpose s o f 
compariso n t o othe r  experiment s tha t  us e generatio n tasks . 

Awareness task (explicit learning): Subjects were given a 
questionnair e fro m whic h thre e measure s o f  thei r  awarenes s 
of  th e sequenc e wer e derived .  O n e measure .  Aware-No n 
Specifi c  (A-NS) ,  wa s provide d b y th e subjects '  ratin g o n a  7 -
poin t  Liker t  scal e o f  h o w awar e the y wer e o f  th e presenc e o f 
any pattern .  A  secon d measure ,  Aware-Specifi c  (A-S )  wa s 
provide d b y th e subject' s ratin g o n a  7-poin t  Liker t  scal e o f 
h o w likel y i t  wa s tha t  th e patter n wa s a  se t  sequenc e o f 
approximatel y lengt h 1 0 (subject s als o rate d othe r  possibl e 
but  incorrec t  pattern s s o a s no t  t o revea l  t o the m th e actua l 
typ e o f  pattern) .  Subject s wer e als o aske d t o describ e an y 

patter n the y ha d notice d i n a  fre e repor t  question ;  th e 
measur e Aware-Fre e Repor t  (A-FR )  wa s a  judge' s ratin g o n 
a 6  poin t  scal e o f  ho w wel l  th e subject' s respons e t o th e 
questio n matche d th e actua l  pattern . 

Procedure 
Eac h subjec t  wa s randoml y assigne d t o on e o f  th e nin e 
experimenta l  condition s an d performe d on e o f  thre e learnin g 
task s (nonattentional ,  attentiona l  o r  observational )  fo r  on e o f 
thre e number s o f  block s (2 ,  6 ,  o r  12) .  Afte r  completin g th e 
learnin g task ,  al l  subject s performe d th e followin g task s i n 
th e followin g order :  th e attentiona l  efficienc y tas k ( 3 block s 
~ random ,  pattern ,  rando m — unde r  singl e tas k conditions) , 
th e nonattentiona l  efficienc y tas k ( 4 block s -  random , 
random ,  pattern ,  rando m ~  unde r  dua l  tas k conditions) ,  th e 
awarenes s questionnaire ,  th e generatio n task ,  an d th e 
conceptua l  fluency  test .  I n th e instruction s fo r  eac h task , 
subject s wer e tol d a s littl e a s possibl e abou t  th e presenc e o f 
a pattern .  Fo r  example ,  i n th e efficienc y conditions ,  a 
patter n wa s no t  mentione d a t  all .  I n th e conceptua l  fluency 
condition s i t  wa s necessar y t o mentio n tha t  ther e wa s som e 
sor t  o f  pattern ;  however ,  subject s wer e no t  tol d abou t  it s 
nature . 

Table 1: Order of tasks and their associated measures of 
learning . 

les t Measure s 

Learnin g tas k 
Attentiona l  efficienc y 
Nonattentiona l  efficienc y 
Awarenes s 

Generatio n 

Conceptua l  Fluenc y 

Eff-at t 
Eff-no n 
A - N S 
A-S 
A-F R 
Gen- 1 
Gen- 2 
Gen-H O 
CF-al l 
C F - H O 

R e s u l t s 

The first evidence that there are separate learning systems 
involve d i n th e seria l  reactio n tim e tas k come s fro m findings 
indicatin g tha t  th e respons e modalitie s ar e affecte d differentl y 
by th e independen t  variables .  Th e learnin g tas k ha d a 
significan t  effec t  o n th e awarenes s measure s a s show n b y 
one-wa y A N O V A s :  A - N S :  F(2,I77 )  =  22.75 ,  p  <  .0001 ; 
A-FR :  F(2,177 )  =  8.17, p <  .0005 ;  A-S :  F(2,177 )  =  5.76 . 
p <  .00 5 ;  post-ho c test s indicate d tha t  th e nonattentiona l 
grou p i n eac h cas e showe d lowe r  awarenes s tha n th e 
attentiona l  an d observationa l  groups .  Th e typ e o f  learnin g 
tas k als o ha d a n effec t  o n conceptua l  fluency  knowledg e 
(CF-all :  F(2,175 )  =  3.59 ,  p  <  .05 ;  C F - H O :  F(2,174 )  =  6.8 , 
p <  .005) ;  pos t  ho c test s indicate d tha t  nonattentiona l 
learnin g le d t o wors e performanc e tha n th e othe r  tw o 
conditions .  Typ e o f  learnin g tas k di d no t  hav e a n effec t  o n 
eithe r  efficienc y measur e (bot h F s <  1.0) .  Th e latte r  resul t 
i s  somewha t  surprisin g i n ligh t  o f  researc h b y Cohe n e t  al . 
(1990 )  an d Curra n an d Keel e (1993 )  showin g difference s 
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betwee n attentiona l  an d nonattentiona l  learning .  However , 
i n th e presen t  experimen t  th e sequenc e use d wa s a  hybri d 
sequenc e (on e i n whic h som e o f  th e pairwis e association s 
betwee n sequenc e element s wer e uniqu e an d som e wer e 
ambiguous) ,  whic h ha s bee n show n t o b e learnabl e i n bot h 
attentiona l  an d nonattentiona l  conditions .  Learnin g tas k 
als o di d no t  hav e a n effec t  o n generation ,  excep t  fo r  Gen- 2 
F(2,174 )  =  3.46 ,  p  <  .05 ,  i n whic h pos t  ho c test s indicate d 
tha t  th e nonattentiona l  grou p wa s significantl y wors e tha n 
th e attentiona l  group .  Furthe r  A N O V A s o n subject s wit h 
lo w degree s o f  awarenes s onl y (define d a s answerin g 4  o r 
les s o n A - N S )  yielde d n o significan t  effect s o f  learnin g 
condition ,  indicatin g tha t  th e difference s betwee n group s i n 
th e conceptua l  fluenc y an d generatio n measure s m a y b e du e 
t o highe r  degree s o f  explici t  knowledg e i n th e attentiona l  an d 
observ e condition s (onl y 19/6 0 attentiona l  an d 15/6 0 
observ e subject s qualifie d a s lo w awareness ,  compare d t o 
43/6 0 subject s i n th e nonattentiona l  condition) . 

A differen t  patter n o f  result s wa s foun d w h e n lengt h o f 
stud y wa s examined .  Lengt h o f  stud y ha d n o effec t  o n 
awareness ,  bu t  di d hav e a n effec t  o n generatio n (Gen-HO : 
F(2,170 )  =  9.54 .  p  <  .0001 ;  Gen-1 :  F(2,174 )  =  3.25 ,  p  < 
.05 ;  Gen-2 :  F(2,174 )  =  4.69 ,  p  <  .05) .  A s wa s th e cas e fo r 
learnin g type ,  ther e w a s n o effec t  o f  lengt h o f  stud y o n 
nonattentiona l  efficiency ,  thoug h ther e wa s a  tren d toward s 
lengt h o f  stud y influencin g attentiona l  learnin g (Eff-att : 
F(2,177 )  =  2.8 .  p  =  .06 ;  th e differenc e betwee n th e shor t  an d 
mediu m grou p w a s significant ;  p  =  .02) .  Lik e typ e o f 
study ,  stud y lengt h ha d a n effec t  o n bot h measure s o f 
conceptua l  fluency  (CF-all :  F(2.175 )  =  6.82 ,  p  <  .005 ;  C F -
H O:  F(2,174 )  =  6.58 ,  p  <  .005) ;  i n bot h cases ,  th e shor t  an d 
mediu m lengt h condition s ar e significantl y wors e tha n th e 

lon g condition . 
T o furthe r  investigat e th e independenc e o f  th e differen t 

measure s o f  learning ,  correlatio n analyse s wer e performe d o n 
th e te n measures .  T o contro l  fo r  th e effect s o f  explici t 
knowledg e o n th e implici t  tasks ,  result s fro m hig h 
awarenes s an d lo w awarenes s subject s wer e analyze d 
separately .  Fo r  bot h hig h an d lo w awarenes s subjects , 
measure s elicite d fro m th e sam e tas k correlate d wit h eac h 
othe r  (e.g. .  th e thre e G e n measure s al l  correlate d wit h eac h 
other) .  Fo r  lo w awarenes s subjects ,  th e onl y significan t 
cross-tas k correlation s wer e betwee n CF-al l  an d Gen- 2 an d 
betwee n A - S an d C F -  H O ;  thes e correlations ,  thoug h 
significant ,  wer e low .  Fo r  hig h awarenes s subjects ,  th e 
task s correlate d t o a  m u c h highe r  degree :  T h e C F measure s 
significantl y correlate d wit h al l  thre e Generatio n measure s 
and al l  o f  th e awarenes s measure s (excep t  fo r  A - S ) .  G e n - H O 
correlate d wit h A - S an d A - N S ,  thoug h th e othe r  generatio n 
score s di d no t  correlat e wit h th e awarenes s scores .  T h e 
efficienc y score s correlate d highl y wit h eac h other ,  bu t  wer e 
les s highl y correlate d wit h th e othe r  scores ,  thoug h Eff-at t 
correlate d wit h CF-al l  an d G-2 ,  wherea s Eff-no n correlate d 
wit h A - S .  Thes e result s indicat e tha t  th e task s wer e 
independen t  i n lo w awarenes s subjects ,  bu t  i n hig h 
awarenes s subject s the y wer e al l  ar e performe d usin g explici t 
knowledge .  Thes e result s appea r  t o b e inconsisten t  wit h 
Perruche t  an d Amorim' s (1992 )  finding  tha t  recognitio n an d 
generatio n tas k performanc e correlate s wit h efficienc y tes t 
performance ;  however ,  thos e investigator s di d no t  contro l  fo r 
explici t  knowledge ,  an d th e correlation s the y observe d coul d 
be du e t o hig h awarenes s subject s usin g thei r  explici t 
knowledg e o f  th e sequenc e o n th e tests . 

Tabl e 2 :  Correlatio n matrixe s fo r  lo w an d hig h awarenes s subjects . 

lo w awarenes s 
Eff-at t 
Eff-no n 
CF-al l 
CF-HO 
Gen-1 
Gen-2 
Gen-HO 
A-NS 
A-S 
A-F R 

hig h awarenes s 

Eff-at t 
Eff-no n 
CF-al l 
CF-HO 
Gen-1 
Gen-2 
Gen-HO 
A-NS 
A-S 
A-F R 

Eff-at t 

.0 4 

.0 5 
-.0 2 
-.0 2 
.0 9 
.0 5 
.0 0 
-.0 2 
.2 1 

Eff-at t 

.31 ® 

.20 * 

.1 8 
-.0 9 
.21 * 
.1 3 
.1 0 
.1 1 
.0 4 

Eff-no n 

-.0 4 
.0 2 
-.0 5 
.0 3 
.0 8 
-.1 0 
-.0 2 
-.2 0 

Eff-no n 

.0 4 

.0 4 
.1 1 

-.0 3 
-.0 8 
.21 * 
.0 7 
.0 6 

CF-al l  CF-H O 

.6 7 @ 

.1 9 

.22 * 

.1 5 

.1 8 
-.0 7 
.1 7 

CF-al l 

.81 @ 

.2 6 @ 

.27 @ 

.50 @ 

.28 @ 

.1 6 

.32 @ 

.1 5 

.0 8 

.0 8 

.0 4 
-.25 * 
-.0 3 

CF-HO 

.1 4 

.23 * 

.4 5 @ 

.22 * 

.1 2 

.31 @ 

Gen-1 

.57 @ 

.51 @ 

.1 6 
-.0 3 
.0 9 

Gen-1 

.41 ® 

.47 ® 

.0 6 

.1 9 

.0 3 

Gen-2 

.75 ® 

.1 0 

.0 5 

.1 5 

Gen-2 

.68 ® 

.1 1 

.1 5 
-.0 4 

Gen-HO A-N S A- S 

.0 4 

.0 5 .1 2 

.1 0 .53 ® .0 2 

Gen-HO A-N S A- S 

.26 * 

.33 ® .30 ® 

.1 2 .1 7 .0 3 
*:  p  <  .05 ;  ® :  p  <  .0 1 
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A criterio n analysis ,  simila r  t o on e performe d b y 
Willingha m e t  al .  (1989 )  t o sho w tha t  implici t  an d explici t 
knowledg e wer e develope d separatel y i n SRT ,  wa s performe d 
t o investigat e whethe r  th e type s o f  knowledg e tappe d b y th e 
differen t  measure s develo p independentl y ove r  time .  Th e 
logi c i s tha t  i f  tw o measure s ar e dependent ,  subject s shoul d 
not  mee t  criterio n o n on e measur e withou t  als o meetin g i t 
on th e othe r  measure ,  an d tha t  meetin g criterio n o n on e 
measur e shoul d routinel y preced e meetin g criterio n o n 
another .  Fo r  eac h o f  fou r  o f  th e variables ,  A-NS ,  Gen-HO , 
CF-all ,  an d Eff-att ,  a  criterio n fo r  learnin g wa s se t  an d eac h 
subjec t  wa s classifie d b y tha t  criterio n a s havin g eithe r 
learne d o r  no t  learned .  Ther e wa s n o evidenc e tha t  learnin g 
on an y measur e typicall y precede d learnin g o n an y othe r 
measure ;  subject s wer e evenl y distribute d int o group s 
showin g learnin g o n onl y on e o f  eac h pai r  o f  measure s i n 
each lengt h o f  stud y condition . 

Discussion 

The research presented here indicates that the processes 
underlyin g implici t  learnin g i n th e efficienc y an d conceptua l 
fluenc y respons e modalitie s ar e independen t  o f  eac h other , 
and independen t  o f  explici t  learning .  A n interestin g patter n 
of  dissociation s wa s foun d i n th e effect s o f  th e tw o 
independen t  variable s o n th e differen t  respons e modalities : 
onl y learnin g conditio n affect s awareness ,  an d onl y lengt h o f 
stud y affect s generation ,  wherea s bot h variable s affec t 
conceptua l  fluenc y knowledge ,  an d neithe r  variabl e affect s 
nonattentiona l  efficiency .  I n addition ,  correlatio n analyse s 
and criterio n analysi s indicate d tha t  th e measure s wer e 
independent .  Thes e result s  ar e consisten t  wit h evidenc e fro m 
neuropsychologica l  experiment s indicatin g tha t  implici t 
moto r  learnin g an d memor y i s dependen t  o n differen t  brai n 
area s tha n perceptua l  form s o f  implici t  memor y (Heinde l  e t 
al. ,  1989) .  Futur e researc h coul d profitabl y stud y th e 
differen t  modalitie s examine d i n thi s experimen t  i n brain -
damaged subject s t o gai n furthe r  evidenc e a s t o whethe r  th e 
modalitie s reflec t  th e workin g o f  independen t  mechanisms . 
I t  i s  logica l  t o predic t  tha t  subject s wit h H D o r  P D (wh o 
have damag e t o th e corticostriata l  system s involve d i n moto r 
implici t  memory )  woul d b e impaire d o n efficienc y measure s 
of  learnin g o f  th e sequence ,  bu t  preserve d o n conceptua l 
fluenc y measures ,  wherea s subject s wit h A D (wh o hav e 
damage t o th e cortica l  associatio n area s involve d i n 
perceptua l  implici t  memory )  woul d sho w th e opposit e 
patter n o f  impairment . 

The result s fro m thi s experimen t  als o hav e implication s 
fo r  modelin g implici t  sequenc e learning .  Sinc e ther e ar e a t 
leas t  tw o independen t  respons e modalitie s involved , 
modeler s shoul d b e clea r  a s t o whic h respons e modalit y the y 
ar e modeling .  I t  i s  perhap s reasonabl e t o tak e overal l 
activatio n i n th e node s a s a  measur e o f  conceptua l  fluenc y 
knowledge ,  a s conceptua l  fluenc y ma y b e du e t o primin g i n 
high-leve l  menta l  system s dealin g wit h covariatio n 
calculation ;  bu t  i t  i s  les s justifiabl e a s a  measur e o f 
efficiency .  I n th e latte r  case ,  i t  ma y b e mor e reasonabl e t o 
assig n specifi c  node s t o b e th e outpu t  nod e fo r  eac h move , 
and hav e th e individua l  nod e wit h th e highes t  activatio n 
valu e b e th e selecte d action .  Learnin g shoul d b e modele d a s 

takin g plac e withi n a  respons e modality ,  an d car e shoul d b e 
take n no t  t o mi x differen t  task s tha t  ta p differen t  modalities . 
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