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Implici t  a n d Explici t  K n o w l e d g e i n Artiflcia l  G r a m m a r  Learn ing :  A n f M R I  S tud y 

Carol A. Seger(seger@psych.Stanford.edu) 
Vive k Prabhakaran(vivekSpsych.Stanford.edu ) 

Russel l  A .  Poldrac k (poldrack@psych.stanford.edu ) 
Joh n A .  Desmon d (desmond@psych.stanford.edu ) 

Joh n D .  E .  Gabriel i  (gabrieli@psych.stanford.edu ) 
Departmen t  o f  Psychology ,  Radiology ,  an d Progra m i n Neurosciences , 

Stanfor d University ,  Stanford ,  C A 9430 5 US A 

Implici t  learnin g encompasse s a  variet y o f  heterogeneou s 
task s involvin g learnin g o f  comple x relationa l  informatio n 
withou t  th e us e o f  consciou s hypothesi s testin g strategie s 
and withou t  accompanyin g verbalizabl e knowledg e 
sufficien t  t o accoun t  fo r  tes t  performanc e (Seger ,  1994) .  I n 
th e artificia l  gramma r  learnin g task ,  participant s firs t  stud y 
a se t  o f  lette r  string s forme d accordin g t o a n artificia l 
grammar ,  the n ar e show n nove l  string s an d decid e fo r  ac h 
one whethe r  i t  i s  grammatica l  o r  not .  Th e firs t  questi c w e 
aske d wa s whethe r  retrieva l  o f  implici t  an d explici t 
knowledg e ar e relian t  o n differen t  neura l  substrates . 
Knowlto n an d Squir e (1996 )  foun d tha t  artificia l  gramma r 
learnin g i s preserve d i n patient s wit h amnesia ,  wh o hav e 
damage t o th e hippocampa l  an d diencephali c brai n system s 
and wh o ar e impaire d o n explici t  memor y tasks .  Th e 
secon d questio n w e aske d wa s ho w doe s changin g th e 
surfac e feature s o f  stimul i  affec t  th e neura l  system s 
recruite d fo r  grammatica l  judgmen t  making .  Severa l 
experiment s hav e show n tha t  participants ,  includin g 
amnesi c patients ,  ca n transfe r  gramma r  knowledg e t o 
string s i n whic h th e underlyin g gramma r  i s th e sam e bu t  th e 
letter s use d t o instantiat e the m hav e bee n changed ,  thoug h i t 
i s  unclea r  wha t  knowledg e underlie s transfe r  (Knowlto n & 
Squire ,  1996 ;  Redingto n &  Chater ,  1996 ;  Seger ,  1994) . 

Ten right-hande d volunteer s participated .  6  i n th e implici t 
group ,  an d 4  i n th e explici t  group .  Imagin g wa s performe d 
wit h a  I.5 T whole-bod y M R I  scanner .  A  smal l  hea d coi l 
was use d fo r  signa l  reception ;  hea d movemen t  wa s 
minimize d usin g a  bit e bar .  A  T 2 *  sensitiv e gradien t  3 D 
ech o spira l  sequence ,  wa s use d fo r  functiona l  imagin g wit h 
parameter s o f  T R =  108 0 msec ,  T E =  4 0 msec ,  an d fli p 
angl e =  2 2 degrees .  Fou r  interleave s wer e obtaine d fo r  eac h 
imag e wit h a n acquisitio n tim e (samplin g interval )  o f  4.3 2 
sec pe r  image .  Sixtee n 4-m m thic k slice s wer e acquire d i n 
th e horizonta l  plan e o f  th e Talairac h an d Tournou x atla s 
(1988 )  startin g fro m 1 2 m m belo w th e anterior-commisur e 
(AC )  posterio r  commisur e (PC )  line ,  wit h a  0  m m inter -
slic e interval . 

Participant s performe d th e learnin g tas k (observatio n o f 
grammatica l  strings )  whil e structura l  image s wer e bein g 
taken .  Th e implici t  grou p the n performe d tw o functiona l 
scan s I n both ,  the y viewe d nove l  string s an d alternate d th e 
judgmen t  mad e abou t  eac h string :  eithe r  grammaticalit y 
(doe s th e strin g followe d th e sam e rule s a s th e string s 
studie d i n th e learnin g phase? )  o r  perceptua l  judgment ,  (I s 
ther e a  T T i n th e string?) .  I n th e firs t  sca n (sam e letters) , 
th e string s wer e forme d usin g th e sam e lette r  se t  a s th e 

string s i n th e learnin g task .  I n th e secon d sca n (transfer )  th e 
string s wer e forme d usin g a  differen t  lette r  set ,  an d th e 
perceptua l  baselin e tas k wa s t o decid e whethe r  ther e wa s a 
D D i n th e string .  Th e explici t  grou p performe d on e sca n i n 
whic h the y alternate d recognitio n judgment s wit h 
perceptua l  judgmen t  Hal f  o f  th e string s wer e repeate d fro m 
th e learnin g phase ,  an d hal f  wer e nove l  grammatica l  strings . 

I n al l  thre e scans ,  activatio n wa s see n i n bilatera l  posterio r 
parieta l  area s an d bilatera l  fusifor m gyri .  T w o mai n 
difference s wer e foun d betwee n implici t  scan s an d th e 
explici t  scan .  First ,  th e righ t  middl e fronta l  gyru s wa s onl y 
activ e i n th e explici t  condition .  Second ,  overal l  activatio n 
i n th e implici t  conditio n wa s lef t  lateralized ,  wherea s 
activatio n i n th e explici t  conditio n wa s righ t  lateralized . 
Righ t  lateralize d activation s i n th e explici t  conditio n ar e 
consisten t  wit h othe r  brai n imagin g studie s o f  recognition , 
and implici t  left-lateralizatio n i s consisten t  wit h th e rol e o f 
th e lef t  hemispher e i n processin g categorica l  relationships . 

Simila r  area s wer e activ e i n bot h sam e lette r  an d transfe r 
implici t  scans :  posterio r  parietal ,  supramargina l  gyrus , 
bilatera l  premotor ,  lef t  inferio r  frontal ,  lef t  middl e frontal , 
and fusifor m gyr i  Lette r  se t  transfe r  affecte d th e relativ e 
amount s o f  activatio n i n thes e areas :  highe r  orde r  visua l 
area s suc h a s th e fusifor m gyr i  wer e relativel y les s activ e 
afte r  lette r  se t  transfer ,  wherea s fronta l  an d parieta l  area s 
wer e relativel y mor e activ e afte r  lette r  se t  transfer .  Thi s i s 
consisten t  wit h subject s devotin g les s attentio n t o visua l 
aspect s o f  th e string s i n th e transfe r  condition . 

Acknowledgments 
The researc h reporte d herei n wa s supporte d b y grant s 

fro m th e O N R,  NIH ,  an d N I M H .  A  tabl e o f  specifi c  foc i 
of  activation s wil l  b e availabl e a t  th e followin g we b site : 
http://www-psych.stanford.edu/~gabra/Grammar.html . 

References 

Knowlton, B. J., & Squire, L. R. (1996). Artificial 
grammar  learnin g depend s o n implici t  acquisitio n o f  bot h 
abstrac t  an d exemplar-specifi c  information .  Journa l  o f 
Experimenta l  Psychology :  Learning .  Memory ,  an d 
Cognition ,  22 ,  169-181 . 

Redington ,  M .  &  Chater ,  N .  (1996) .  Transfe r  i n artificia l 
grammar  learning :  A  reevaluation .  Journa l  o f 
Experimenta l  Psychology :  General ,  125 ,  123-138 . 

Seger ,  C .  A .  (1994) .  Implici t  learning .  Psychologica l 
Bulletin ,  115 ,  163-196 . 

104 3 

mailto:seger@psych.Stanford.edu
mailto:poldrack@psych.stanford.edu
mailto:desmond@psych.stanford.edu
mailto:gabrieli@psych.stanford.edu
http://www-psych.stanford.edu/~gabra/Grammar.html

	cogsci_1997_1043



