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T h e D e v e l o p m e n t  o f  Explici t  Rule-Learnin g 

Martin Redington (in.redington@ucl.ac.uk) 
Departmen t  o f  Psychology ,  Universit y Colleg e London , 

26 ,  Bedfor d Way ,  London ,  W C I E 6BT ,  U K 

Elliot Ronald (•lliot.ronald@corpus-christi.oxford.ac.uk) 

Departmen t  o f  Experimenta l  Psychology ,  Universit y o f  Oxford , 

Sout h Park s Roa d Oxford ,  0 X 1 3 U D ,  U K 

Abstrac t 

Implicit and explicit learning were originally distinguished 
i n term s o f  accessibilit y  t o verba l  report .  W e identif y ev -
idenc e fo r  th e proposa l  tha t  th e implicit/explici t  contras t 
correspond s t o a  divid e betwee n connectionis t  an d sym -
boli c representations .  W e sho w tha t  explici t  learnin g show s 
marice d improvemen t  betwee n 4  an d 8  year s o f  age .  Thi s 
finding  contrast s agains t  ver y earl y implici t  learnin g abili -
ties ,  an d concur s wit h othe r  evidenc e o n th e progressiv e de -
velopmen t  o f  symboli c reasonin g abilities . 

The identification and study of human learning mech-
anism s i s a  centra l  concer n o f  psycholog y an d cognitiv e 
science .  A n importan t  contemporar y debat e i n thi s are a 
concern s th e distinctio n betwee n implici t  an d explici t  learn -
ing .  Generally ,  implici t  an d explici t  learnin g mechanism s 
hav e bee n distinguishe d i n term s o f  th e accessibilit y  o f  th e 
knowledg e acquire d t o consciou s awareness ,  a s assesse d b y 
verba l  repor t  (e.g. ,  Reber ,  1967) . 

At  firs t  thi s divisio n appear s t o b e relativel y convincing : 
I n implici t  learning ,  b y definition ,  participants '  verball y re -
porte d knowledg e i s insufficien t  t o accoun t  fo r  thei r  perfor -
mance o n s o m e task .  Fo r  example ,  participant s w h o m e m-
oris e string s generate d b y a  finit e stat e gramma r  ar e subse -
quentl y abl e t o classif y string s a s obeyin g o r  violatin g th e 
grammar  t o a  significan t  degree ,  despit e bein g unabl e t o re -
por t  th e rule s o f  th e gramma r  verball y (e.g. ,  Reber ,  1967 ; 
Reber  &  Allen ,  1978) . 

By implication ,  explici t  learnin g i s define d a s thos e case s 
wher e participant s ar e abl e t o verball y repor t  sufficien t 
knowledg e t o accoun t  fo r  thei r  performance .  Fo r  example , 
i f  a  perso n ca n pla y a  lega l  g a m e o f  chess ,  an d ca n als o re -
por t  th e rule s o f  chess ,  the n on e migh t  conclud e tha t  thei r 
abilit y  t o pla y a  lega l  ches s g a m e wa s base d o n thi s explici t 
knowledge . 

However ,  th e clai m tha t  dissociation s betwee n verba l  re -
por t  an d performanc e mar k th e boundar y betwee n tw o dis -
tinc t  learnin g mechanisms ,  differin g i n th e accessibilit y o f 
thei r  knowledg e t o consciou s awareness ,  ha s prove d prob -
lematic .  Th e stronges t  critics .  Shank s an d St .  Joh n (1994) , 
argu e tha t  th e insensitivit y o f  verba l  report ,  an d th e prob -
lem s o f  relatin g participants '  report s t o th e knowledg e rep -
resentation s underlyin g thei r  performanc e rende r  apparen t 
dissociation s betwee n performanc e an d verba l  repor t  sus -
pect .  Shan k an d St .  Joh n d o howeve r  endors e th e vie w 

tha t  learnin g mechanism s ca n b e distinguishe d i n term s o f 
th e representationa l  for m o f  th e knowledg e acquired ,  con -
trastin g exempla r  o r  instance-base d learnin g mechanisms , 
fo r  whic h connectionis m provide s a  natura l  model ,  agains t 
processe s o f  hypothesi s testin g an d rule-discovery ,  bes t  de -
scribe d b y symboli c mechanisms . 

I n connectionis t  learnin g mechanisms ,  knowledg e an d 
cognitio n ar e embodie d i n pattern s o f  activatio n o f  man y 
simpl e units ,  an d i n th e flow  o f  activation s betwee n thos e 
units .  Learnin g i s th e modificatio n o f  th e strength s o f 
th e connection s betwee n units .  I n symboli c mechanisms , 
knowledg e i s embodie d b y statement s o r  rule s compose d 
of  arbitrar y symbols ,  an d interprete d accordin g t o a  consis -
ten t  synta x an d semantics .  Learnin g i s th e additio n o f  ne w 
statement s o r  rules . 

Diene s an d Perne r  (1996 )  sugges t  tha t  viewin g implici t 
and explici t  learnin g i n term s o f  a  divid e betwee n con -
nectionis t  an d symboli c mechanism s explain s th e differin g 
availabilit y  o f  implici t  an d explici t  knowledg e t o verba l  re -
port .  Th e for m o f  knowledg e i n a  connectionis t  network — 
th e strength s o f  interuni t  connections—doe s no t  len d itsel f 
t o verba l  communication .  I n contrast ,  symboli c knowledg e 
ca n b e easil y communicated ,  an d utilise d b y th e receiver . 

I n thi s pape r  w e presen t  evidenc e i n suppor t  o f  a n im -
plicit/explici t  divid e base d o n representationa l  form .  W e 
firs t  describ e a  recen t  stud y whic h dramaticall y contrast s 
explici t  an d implici t  learning .  W e the n presen t  evidenc e 
on th e developmen t  o f  explici t  learning ,  showin g marke d 
developmenta l  change s betwee n fou r  an d eigh t  year s o f 
age .  Thi s contrast s agains t  developmenta l  evidenc e o n im -
plici t  learning ,  whic h appear s t o functio n i n matur e for m 
fro m th e firs t  yea r  o f  life .  W e discus s simila r  finding s o n 
th e developmen t  o f  symboli c reasonin g abilitie s fro m othe r 
paradigms . 

Two dissociable human learning systems 

Shanks, Johnstone and Staggs (1997, Experiment 4) re-
por t  a  stud y where ,  a s i n implici t  learnin g studies ,  the y 
presente d participant s wit h a  se t  o f  rule-governe d trainin g 
strings ,  an d subsequentl y teste d thei r  abilit y  t o distinguis h 
betwee n tes t  string s whic h obeye d o r  violate d th e rule s un -
derlyin g th e trainin g strings . 

However ,  th e material s use d b y Shank s e t  al .  (1997 ) 
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wer e ver y differen t  t o thos e o f  implici t  learnin g studies. ' 
Generall y i n artificia l  g ramma r  learnin g studies ,  material s 
ar e draw n fro m comple x grammars ,  wit h m a n y (e.g. ,  ten ) 
rules ,  whic h specif y relationship s betwee n adjacen t  Idlers . 
The distinctio n betwee n grammatica l  an d nongrammalica l 
string s i s usuall y correlate d wit h simpl e loca l  distributiona l 
propertie s o f  th e trainin g materials ,  suc h a s th e frequenc y 
of  lette r  pair s an d triples . 

Shank s e t  al .  (1997 )  dre w thei r  trainin g an d tes t  string s 
fro m a  crypto-grammar :  Grammatica l  string s possesse d th e 
structur e 1234.1234 ,  wit h eac h numbe r  bein g replace d b y 
th e tw o halve s o f  a  pai r  o f  letter s accordin g t o th e follow -
in g thre e rules :  D  o  F ,  G  •(- > L ,  K  <- > X .  Thu s a  typica l 
strin g migh t  b e D F G K . F D L X .  Nongrammatica l  string s vi -
olate d on e o r  mor e o f  thes e rules .  Additionally ,  th e train -
in g an d tes t  item s wer e painstakingl y constructe d s o tha t 
onl y conformanc e t o th e rule s distinguishe d grammatica l 
and nongrammatica l  strings :  Loca l  distributiona l  propertie s 
provide d n o usefu l  information . 

Shank s e t  al .  (1997 )  utilise d tw o differen t  trainin g con -
ditions .  I n th e matc h condition ,  participant s wer e show n 
a singl e grammatica l  trainin g item ,  an d the n ha d t o matc h 
tha t  exampl e t o on e o f  a  displa y o f  five  trainin g items .  Thi s 
i s aki n t o th e memorisatio n trainin g usuall y use d i n stud -
ie s o f  implici t  learning ,  wit h participant s uninforme d tha t 
th e trainin g stimul i  wer e rule-governed .  I n th e edi t  trainin g 
condition ,  participant s wer e informe d o f  th e rule-governe d 
natur e o f  th e materials .  The y wer e show n item s whic h vi -
olate d th e rules ,  an d wer e require d t o indicat e whic h ele -
ment s (letters )  wer e correc t  an d whic h wer e not .  Afte r  eac h 
ite m the y wer e show n th e correc t  strin g an d give n feedbac k 
as t o th e actua l  error s presen t  i n th e string .  Thi s trainin g 
was intende d t o facilitat e rule-discover y processes . 

At  test ,  th e matc h grou p showe d n o abilit y  t o appro -
priatel y classif y th e tes t  item s a s obeyin g o r  violatin g th e 
rules .  Participant s i n th e edi t  grou p fel l  int o tw o distinc t 
subgroups .  O n e subgrou p score d a t  o r  aroun d chanc e o n 
th e grammaticalit y judgmen t  test ,  while ,  th e othe r  sub -
grou p score d a t  o r  nea r  1 0 0 % o f  classification s correct .  Th e 
manipulatio n o f  material s an d trainin g condition s appear s 
t o flip  participant s betwee n implici t  an d explici t  learnin g 
modes,  wit h th e latte r  resultin g i n a  distinctiv e bimoda l  pat -
ter n o f  performance.' ^ 

The Shank s e t  al .  (1997 )  result s als o provid e suppor t  fo r 
th e vie w tha t  th e difference s betwee n implici t  an d explici t 
knowledg e ar e bes t  explaine d i n term s o f  th e contras t  be -
twee n connectionis t  an d symboli c representations . 

'Th e material s an d trainin g condition s use d b y Shank s e t  al . 
(1997 )  wer e base d o n thos e o f  a  simila r  stud y b y Mathews ,  Buss , 
Stanley ,  Blanchard-Fields ,  Ch o an d Druha n (1989 ,  Experimen t 
4) .  However ,  th e contras t  betwee n implici t  an d explici t  learnin g 
i s muc h cleare r  i n th e Shank s e t  al .  study . 

Î t  i s  th e interactio n o f  material s an d trainin g condition s tha t  i s 
important :  I n a n earlie r  stud y Shank s e t  al .  (1997 ,  Experimen t  3 ) 
used th e sam e trainin g condition s wit h typica l  artificia l  gramma r 
learnin g material s (wit h man y comple x rules ,  governin g loca l  de -
pendencies) .  Bot h matc h an d edi t  group s showe d typica l  implici t 
learnin g effect s (i.e. ,  performanc e wa s unimoda l  an d imperfect) . 

Th e failur e o f  th e matc h group ,  w h o wer e presente d 
wit h a  typica l  implici t  learnin g paradigm ,  t o m a k e accu -
rat e grammaticalit y judgment s concur s wit h account s o f 
implici t  learnin g whic h stres s th e learnin g o f  loca l  distribu -
tiona l  propertie s (e.g. ,  Perruche t  &  Pacteau ,  1990 ;  Reding -
lo n &  Chater ,  1996) .  I n th e Shank s e t  al .  (1997 )  materials , 
by design ,  loca l  distributiona l  propertie s o f  th e material s 
giv e n o cu e t o grammaticality .  However ,  i n mos t  artificia l 
grammar  learnin g studies ,  suc h distributiona l  propertie s ar e 
stron g predictor s o f  grammaticality ,  an d sensitivit y t o suc h 
propertie s i s sufficien t  t o accoun t  fo r  h u m a n performance . 
Connectionis t  models ,  suc h a s th e simpl e recurren t  networ k 
(Elman ,  1990) ,  provid e a  natura l  framewor k fo r  learnin g o f 
thi s kind ,  an d ar e abl e t o captur e m u c h o f  th e dat a o n artifi -
cia l  g ramma r  learnin g (Redington ,  1996) . 

As fo r  th e th e edi t  group ,  thre e feature s o f  thei r  perfor -
mance contras t  clearl y agains t  implici t  learning ,  an d sug -
ges t  a  proces s o f  symbolic ,  rule-base d learning : 

1. The step function of participants' performance: Par-
ticipant s eithe r  discove r  th e correc t  rules ,  o r  the y d o 
not .  Wit h "typical "  artificia l  g ramma r  learnin g material s 
(e.g. ,  Reber ,  1967 ,  o r  th e common l y use d se t  fro m Rebe r 
& Allen ,  1978) ,  participant s performanc e i s unimodal , 
and imperfect :  Participants '  classificatio n score s excee d 
chanc e an d untraine d controls ,  bu t  neve r  approac h 1 0 0 % 
( 6 0 - 7 0 % correc t  i s  a  typica l  score) . 

2. The ability to capture relationships between "arbitrary" 
(non-adjacent )  element s i s consonan t  wit h a  rule-base d 
representation .  Evidenc e fro m bot h th e Shank s e t  al . 
(1997 ,  Experimen t  4 )  stud y an d St .  Joh n &  Shank s 
(1997 )  suggest s tha t  implici t  learnin g i s limite d t o loca l 
dependencie s (betwee n adjacen t  o r  near-adjacen t  letters) . 

3. A hitherto unmentioned manipulation in the Shanks et al. 
(1997 )  crypto-gramma r  stud y wa s tha t  tes t  item s wer e ei -
the r  simila r  specifi c  trainin g item s (tw o letter s differen t 
to) ,  o r  dissimila r  (a t  leas t  fou r  letter s differen t  from )  t o al l 
of  th e trainin g items .  T h e edi t  grou p wer e equall y likel y 
t o classif y bot h kind s o f  item s a s grammatical .  T h e ab -
senc e o f  effect s o f  surfac e similarit y i s ofte n propose d a s 
an indicato r  o f  rule-learning ,  an d contrast s agains t  stud -
ie s suc h a s Voke y an d Brook s (1992) ,  wher e unde r  im -
plici t  conditions ,  participant s showe d clea r  effect s fo r  th e 
similarit y o f  trainin g an d tes t  item s (whic h ca n generall y 
be explaine d i n term s o f  similarit y i n term s o f  distribu -
tiona l  properties) . 

The Shanks et al. (1997) effects appear to be robust: We 
replicate d th e crypto-gramma r  study ,  usin g onl y th e edi t 
trainin g condition .  Usin g th e exac t  sam e procedur e an d 
stimuli ,  si x o f  ou r  participant s ( n =  12 )  clearl y showe d ev -
idenc e o f  rule-learnin g (near-ceilin g performance) ,  whil e 
th e remainde r  score d a t  o r  aroun d chance .  Verba l  report s 
and a  post-tas k questionnair e provid e convergen t  evidenc e 
tha t  thi s stud y capture s th e implicityexplici t  distinction : 
Participant s w h o showe d near-ceilin g classificatio n wer e 
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abl e t o repor t  th e rule s o f  th e crypto-gramma r  withou t  er -
ror ,  wherea s thos e w h o score d nea r  chanc e wer e unabl e t o 
repor t  th e rules . 

Alternative hypotheses 

Althoug h th e Shank s e t  al .  (1997 )  effect s d o poin t  toward s 
th e operatio n o f  tw o distinc t  learnin g mechanisms ,  an d tw o 
differen t  form s o f  representation ,  th e possibilit y  tha t  a  sin -
gl e learnin g mechanis m (an d representationa l  form )  un -
derlie s performanc e o n bot h explici t  an d implici t  task s re -
mains . 

To sketc h on e possibl e alternativ e hypothesis ,  matc h an d 
edi t  trainin g migh t  encourag e th e consideratio n o f  differen t 
hypotheses ,  o r  differen t  ordering s o f  hypotheses ,  b y a  sin -
gle ,  symbolic ,  learnin g mechanism .  Edi t  trainin g migh t  en -
courag e th e initia l  consideratio n o f  nonloca l  relationships , 
whil e memorisatio n trainin g migh t  limi t  hypothese s t o loca l 
dependencies .  Wit h a  smal l  numbe r  o f  rules ,  participant s 
migh t  b e abl e t o discove r  an d repor t  the m al l  (a s fo r  th e 
learner s i n th e edi t  condition) .  W h e n th e numbe r  o f  rule s i s 
larg e (a s i n th e relativel y comple x artificia l  grammars) ,  par -
ticipant s m a y wel l  fai l  t o discove r  ever y rule ,  an d th e shee r 
number  o f  rule s migh t  preclud e accurat e reportin g o f  ev -
er y rul e tha t  ha s bee n learnt .  Thes e additiona l  assumption s 
abou t  th e effec t  o f  trainin g condition s an d th e relationshi p 
betwee n th e complexit y o f  th e knowledg e bas e an d acces -
sibilit y  t o verba l  repor t  allo w th e evidenc e t o b e reconcile d 
wit h a  singl e symboli c learnin g mechanism . 

I n general ,  th e proble m o f  distinguishin g betwee n dif -
feren t  kind s o f  representationa l  for m i s ver y difficul t  (e.g. , 
see Barsalou ,  1990) .  Additiona l  assumption s wil l  alway s 
permi t  apparen t  dissociation s t o b e reconcile d wit h a  sin -
gl e learnin g mechanis m o r  representationa l  form .  However , 
i t  m a y b e possibl e (an d possibl y necessary )  t o suppor t  th e 
cas e fo r  distinc t  learnin g mechanism s b y appealin g t o mul -
tipl e line s o f  convergin g evidence .  Fo r  example ,  i f  implici t 
and explici t  learnin g mechanism s sho w differen t  profile s o f 
development ,  thi s woul d reinforc e th e cas e tha t  ther e ar e 
tw o distinc t  mechanisms .  Belo w w e presen t  som e evidenc e 
fro m a  developmenta l  stud y o f  th e explici t  learnin g effect s 
foun d b y Shank s e t  al .  (1997) . 

Developmental evidence 

As fa r  a s th e developmen t  o f  implici t  learnin g i s concerned , 
preliminar y evidenc e suggest s tha t  implici t  learnin g mech -
anism s ar e functionin g t o a  considerabl e degre e withi n th e 
first  yea r  o f  life .  Fo r  instance ,  Saffran ,  Newport ,  an d Asli n 
(1996 )  foun d tha t  8-month-ol d infant s expose d t o a  strea m 
of  phoneme s o f  a n artificia l  languag e subsequentl y exhib -
ite d sensitivit y t o th e sequentia l  structur e o f  th e sequenc e 
i n a  preferentia l  listenin g paradigm .  G o m e z an d Gerke n 
(1997 )  hav e observe d artificia l  gramma r  learnin g effect s i n 
11-  t o 13-mont h ol d infants ,  agai n usin g a  preferentia l  lis -
tenin g paradigm .  I n bot h o f  thes e studies ,  performanc e wa s 
unimoda l  an d fa r  fro m ceiling .  Althoug h cross-sectiona l 
studie s remai n t o b e performed ,  th e indicatio n i s tha t  im -

plici t  learnin g mechanis m function s i n essentiall y  th e adul t 
for m fro m ver y earl y on . 

The questio n w c investigate d her e wa s th e developmenta l 
profil e o f  th e explici t  rule-learnin g effect s foun d b y Shank s 
et  al .  (1997) .  W e assesse d th e performanc e o f  four ,  six , 
and eight-year-old s o n a  variatio n o f  th e edi t  trainin g condi -
tion .  W e predicte d tha t  i f  explici t  learnin g reflecte d th e th e 
actio n o f  a  separat e learnin g mechanism ,  the n w e woul d 
observ e a  substantia l  increas e i n th e proportio n o f  learn -
er s (participant s showin g near-perfec t  classificatio n perfor -
mance)  wit h increasin g age .  A s wel l  a s th e classificatio n 
task ,  w e als o administere d th e Tes t  fo r  Reception  o f  Gram -
mar  ( T R O G test .  Bishop ,  1981) ,  i n orde r  t o provid e som e 
measur e o f  th e cognitiv e developmen t  o f  eac h child . 

The participant s ( n =  36 )  wer e al l  student s a t  a  Hert -
fordshir e primar y school .  Ther e wer e 1 2 participant s fo r 
eac h ag e group ,  wit h mea n age s o f  61 ,  82 ,  an d 10 2 months . 

Th e material s wer e base d o n thos e use d b y Shank s e t  al . 
(1997 ,  Experimen t  4) .  W e simplifie d th e materia l  i n orde r 
t o reduc e th e effec t  o f  difference s i n cognitiv e abilit y  o r 
m e m o ry capacit y du e t o age .  Th e material s wer e expresse d 
i n term s o f  animal s an d frui t  i n orde r  t o provid e a n engagin g 
tas k fo r  four -  t o eight-year-olds . 

Grammatica l  string s al l  followe d th e patter n 123.123 , 
wit h number s bein g replace d b y element s o f  th e follow -
in g rules :  elephan t  - > orange ,  lio n - ¥ apple ,  rabbi t  - ¥ ba -
nana .  Not e tha t  unlik e th e Shank s e t  al .  materials ,  th e 
rule s her e ar e unidirectional :  Grammatica l  string s alway s 
follo w th e patter n "anima l  anima l  anima l  frui t  frui t  fruit " 
as i n th e sampl e tes t  ite m show n i n Figur e 1 .  Th e divide r 
betwee n th e animal s an d fruit s i n Figur e 1  wa s presen t  i n 
bot h trainin g an d tes t  stimuli ,  i n orde r  t o mak e th e divisio n 
mor e salien t  fo r  participants . 

Figur e 1 :  A  sampl e tes t  ite m (27.5 % o f  actua l  size) . 
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We constructe d tw o set s o f  material s (show n i n Tabl e 
1) .  Eac h tes t  se t  consiste d o f  1 2 grammatica l  an d 1 2 non -
grammatica l  strings .  Th e grammatica l  an d nongrammatica l 
string s ha d th e sam e combination s o f  animals ,  bu t  th e co m 
bination s o f  frui t  i n th e nongrammatica l  string s violale d 
one ,  two ,  o r  thre e o f  th e abov e rules .  Th e distributiona l 
propertie s (lette r  pair s an d triples )  o f  th e grammatica l  an d 
nongrammatica l  item s wer e roughl y balanced ,  an d al l  let -
te r  pair s o r  triple s i n th e nongrammatica l  string s wer e als o 
presen t  i n th e grammatica l  strings ,  an d vic e versa .  Th e non -
grammatica l  item s fro m eac h tes t  se t  serve d a s th e trainin g 
item s fo r  participant s teste d o n th e opposit e set .  Trainin g 
and tes t  item s wer e presente d t o participant s o n individua l 
sheet s o f  paper . 

Tabl e 1 :  Th e tw o set s o f  tes t  items .  A ,  B ,  an d C  refe r  t o ele -

phant ,  lio n an d rabbit ,  an d 1 ,  2 ,  an d 3  refe r  t o orange ,  appl e 

and banan a respectivel y .  Underlinin g indicate s a  violatio n 

of  th e rules .  Th e trainin g item s fo r  eac h tes t  se t  wer e th e 

nongrammatica l  item s fro m th e opposit e set . 

Set l 

A A B . 1 1 2 

ACA.13 1 

BAA.21 1 

BBC.22 3 

BAB.21 2 

CBB.32 2 

CCA.33 1 
CBC.32 3 

ACC.13 3 

ABC.  12 3 

BCA.23 1 

CAB.31 2 

AAB.11 3 

ACA.13 3 

BAA.21 3 

BBC.11 3 

BAB.33 2 

CBB.13 2 

CCA.223 

CBC.231 

ACC.321 

ABC.32 3 

BCA.32 1 

CAB.  12 3 

Set  2 

AAC.11 3 

ABA.  12 1 
CAA.311 
BBA.22 1 
BCB.232 
ABB.  12 2 
CCB.332 
CAC.313 
BCC.233 
ACB.132 
BAC.213 
CBA.321 

AAC.112 
ABA.  12 2 
CAA.312 
BBA.33 1 
BCB.112 
ABB.32 1 
CCB.113 
CAC.231 
BCC.312 
ACB.232 
BAC.231 
CBA.132 

The procedur e o f  th e stud y wa s a s follows :  Partici -
pant s wer e teste d individuall y i n a  quie t  room ,  performin g 
th e T R O G tes t  first,  an d the n performin g th e edi t  trainin g 
and classificatio n test .  Prio r  t o edi t  training ,  th e experi -
mente r  informe d th e chil d abou t  th e task ,  usin g th e follow -
in g words : 

I am now going to show you some pictures. Each ani-
mal  like s onl y on e kin d o f  fruit .  I  wil l  sho w yo u thre e 
animal s an d thre e fruit .  I n eac h o f  thes e picture s som e 
of  th e animal s don' t  ge t  th e frui t  the y like .  Ca n yo u tel l 
me whic h animal s ge t  th e fruit s the y lik e an d whic h 
don't ? 

I f  yo u thin k th e anima l  get s th e frui t  the y lik e the n tic k 
th e bo x unde r  th e anima l  an d th e fruit .  I f  yo u thin k 
the y don' t  the n cros s th e bo x unde r  th e anima l  an d th e 
fruit . 

The orde r  o f  th e animal s an d th e frui t  i s  important . 
They mus t  b e i n th e righ t  plac e t o ge t  th e frui t  the y 

like .  A t  first  yo u wil l  b e guessing .  I  wil l  pu t  th e correc t 
answer s i n th e gre y boxe s t o hel p yo u lear n th e rules . 

The two different sets of materials shown in Table 1 were 
counterbalance d withi n eac h ag e group .  Th e trainin g item s 
wer e presente d i n rando m order .  Eac h trainin g ite m con -
siste d o f  a  nongrammatica l  item ,  wit h a  whit e an d gre y 
box unde r  eac h animal/fruit ,  fo r  th e child' s respons e an d 
feedbac k fro m th e experimenter .  Afte r  th e chil d ha d indi -
cate d whic h animal s an d fruit s the y though t  wer e correct , 
th e experimente r  woul d writ e th e correc t  sequenc e o f  tick s 
and crosses .  Thi s i s ver y simila r  t o th e edi t  tas k use d b y 
Shank s e t  al .  (1997) ,  wit h th e exceptio n tha t  th e correcte d 
sequence s wer e no t  presente d wit h th e feedback .  Partici -
pant s als o receive d verba l  feedbac k intende d t o encourag e 
rule-discovery .  I f  th e chil d correctl y identifie d al l  o f  errors , 
the y wer e tol d "Wel l  done .  Yo u go t  al l  o f  the m right. "  I n 
item s containin g tw o errors ,  th e experimente r  woul d dra w 
th e child' s attentio n t o th e correc t  animal-frui t  pair ,  b y ask -
in g "Wha t  d o yo u thin k th e X  likes? "  I n item s contain -
in g onl y on e error ,  th e experimente r  woul d dra w th e child' s 
attentio n t o th e tw o "satisfied "  animal s an d thei r  food ,  b y 
statin g "Th e X  get s wha t  the y lik e an d th e Y  get s wha t  the y 
like .  Th e A  i s eaten ,  an d s o i s th e B. "  Th e se t  o f  1 2 non -
grammatica l  trainin g item s wa s presente d twice ,  fo r  a  tota l 
of  2 4 trainin g trials .  Afte r  training ,  participant s receive d th e 
followin g instruction s befor e proceedin g t o th e tes t  phase . 

Now you will see some more pictures of the same an-
imal s an d fruit .  I  wan t  yo u t o tel l  m e i f  eac h pag e i s 
right .  I t  i s  righ t  i f  eac h anima l  get s th e frui t  the y like , 
and wron g i f  an y o f  th e animal s don' t  ge t  th e frui t  the y 
like . 

The 24 test items were then presented in random order. 
The experimente r  recorde d th e children' s responses ,  bu t 
gav e n o feedbac k a s t o whethe r  the y wer e correc t  o r  not . 

Results 

We first  analyse d th e trainin g data .  Fo r  eac h trainin g item , 
th e child' s respons e wa s correc t  i f  the y correctl y identi -
fied  al l  rul e violations ,  an d incorrec t  otherwise .  Th e 2 4 
trainin g trial s wer e divide d int o fou r  block s o f  si x item s 
each .  A  2  X  3  X  4  (Trainin g Se t  x  A g e Grou p x  Block ) 
mixe d mode l  A N O V A reveale d effect s fo r  Trainin g Set , 
F(l,30 )  =  11.27, p =  0.002 ,  A g e Group ,  F(2,30 )  = 
13.04, p =  0.0001 ,  an d Block ,  F(3,90 )  =  5.12, p = 
0.0026 .  Th e Trainin g Se t  x  A g e interactio n wa s als o re -
liable ,  F(2,30 )  =  5.72, p =  0.0079 .  Th e effec t  o f  Train -
in g Set ,  an d th e reliabl e interactio n sugges t  tha t  Train -
in g Se t  2  wa s mor e likel y t o encourag e rule-learnin g tha n 
Trainin g Se t  1 ,  mores o wit h increasin g age ,  despit e th e 
identica l  natur e o f  th e tw o set s o f  materials .  I n fact ,  i t 
appear s tha t  despit e rando m allocatio n o f  participant s t o 
material s withi n eac h ag e group ,  participant s traine d an d 
teste d o n Se t  2  wer e significantl y mor e advanced ,  a s mea -
sure d b y thei r  T R O G scores ,  tha n thos e teste d o n Se t  1 , 
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f(35 )  =  14.84, p =  0.0001 ,  an d thi s differenc e ma y wel l 
accoun t  fo r  th e apparen t  e l  tec t  o f  trainin g materials . 

The effec t  o f  Bloc k i s consisten t  wit h a  proces s o f 
hypothesis-testing ,  an d th e eventua l  discover y o f  th e cor -
rec t  rule s (simila r  effect s durin g learnin g wer e observe d b y 
Shank s e t  al. ,  1997 ,  fo r  participant s traine d o n th e edi( ,  bu t 
not  th e matc h task) .  Th e effect s fo r  Ag e Grou p suggest s 
tha t  th e abilit y  t o discove r  th e correc t  rule s increase s wit h 
age ,  althoug h w e als o expecte d t o observ e a n interactio n 
betwee n Ag e Grou p an d Block ,  whic h wa s no t  reliable . 

A notabl e featur e o f  th e trainin g dat a (als o observe d i n 
our  replicatio n o f  th e Shank s e t  al .  199 7 study) ,  wa s tha t 
some participant s reache d ceilin g performanc e o n th e train -
in g tas k earl y o n i n trainin g (b y th e thir d block) .  Thes e fou r 
participant s wer e al l  eigh t  year s o f  age ,  an d performe d per -
fectl y o n th e subsequen t  classificatio n task . 

Overall ,  th e mea n proportio n o f  classification s correc t 
fo r  th e four ,  six ,  an d eigh t  year-old s were ,  respectively , 
.4 9 (.10) ,  .6 9 (.18) ,  an d .8 2 (.21) ,  (standar d deviation s i n 
parentheses) .  A  2  x  3  Tes t  Se t  x  Ag e Grou p A N O V A, 
wit h proportio n o f  classification s correc t  a s th e depen -
dent  variable ,  reveale d reliabl e effect s fo r  bot h Tes t  Set , 
F(1.30 )  =  8.61, p =  0.006 ,  an d Ag e Grou p F(l,30 )  = 
16.27 .  p  =  0.0001 .  Ther e wa s als o a  reliabl e interactio n 
effect ,  F(2,30 )  =  4.63 ,  p  =  0.018 . 

Once again ,  th e effec t  o f  materials ,  an d th e interactio n 
wit h Ag e Grou p i s probabl y du e t o differin g level s o f  de -
velopmen t  i n th e participants ,  despit e rando m allocatio n o f 
participant s t o materials .  Th e effec t  o f  Ag e Grou p o n th e 
classificatio n tas k provide s clea r  evidenc e o f  improvemen t 
i n explici t  rule-learnin g betwee n th e age s o f  fou r  an d eight . 

Examinatio n o f  th e ra w dat a (show n i n Figur e 2 )  show s 
tha t  participants '  performanc e exhibite d th e bimoda l  pat -
ter n observe d i n th e edi t  grou p o f  th e Shank s e t  al .  study . 
Althoug h som e participants '  performanc e wa s intermedi -
ate ,  mos t  childre n showe d eithe r  chanc e o r  perfec t  perfor -
mance (i.e. ,  n o learning ,  o r  correc t  learnin g o f  al l  rules) . 
The prevalenc e o f  intermediat e performanc e ma y b e du e t o 
th e fac t  tha t  som e tes t  string s coul d b e rejecte d merel y o n 
th e basi s o f  th e trainin g instructions .  Fo r  example ,  give n 
tha t  "eac h anima l  like s onl y on e kin d o f  fruit "  i n item s lik e 
"lio n lio n rabbi t  appl e orang e banana "  on e o f  th e lion s wil l 
clearl y no t  b e happy .  However ,  thi s possibilit y  canno t  ac -
coun t  fo r  score s o f  .8 0 o r  more . 

Informa l  questionin g o f  th e participants ,  an d a  question -
air e administere d t o a  subse t  o f  participant s bot h confirme d 
our  findings  i n th e adul t  versio n o f  th e task :  Participant s 
w ho score d a t  o r  near-ceilin g wer e abl e t o accuratel y repor t 
al l  o f  th e rules ,  whils t  thos e w h o score d belo w ceilin g wer e 
not . 

Discussion 

The results reported above suggest that, in contrast to im-
plici t  learning ,  th e abilit y  t o acquir e an d utilis e a  syste m 
of  explici t  rule s doe s sho w clea r  developmenta l  effect s i n 
earl y childhood . 
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Figure 2: Classification score (proportion of judgments cor-

rect )  a s a  functio n o f  ag e (months )  an d tes t  set .  Circle s in -

dicat e participant s teste d o n Tes t  Se t  1 ,  an d square s indicat e 

participant s teste d o n Tes t  Se t  2 . 

The improvemen t  ove r  ag e doe s no t  appea r  t o b e di -
rectl y du e t o improvement s i n memor y capacit y o r  genera l 
cognitiv e ability :  Whil e pilotin g th e materials ,  w e teste d 
children' s abilit y  t o follo w th e rule s (a s oppose d t o hav -
in g t o bot h discove r  an d follo w th e rules) .  W h e n tol d th e 
rules ,  childre n o f  four ,  six ,  an d eigh t  year s wer e al l  abl e t o 
make appropriat e grammaticalit y judgements ,  an d score d 
near  ceiling . 

As wel l  a s providin g convergin g evidenc e i n favou r  o f 
tw o distinc t  learnin g mechanisms ;  a n earl y functionin g im -
plici t  system ,  an d a  graduall y developin g explici t  system , 
thi s stud y reinforce s othe r  evidenc e o n th e developmen t  o f 
apparentl y symboli c reasonin g abilities .  Raijmaker s an d 
Molenaa r  (1995 ,  1996 )  hav e recentl y draw n attentio n t o 
th e discrimination-shif t  task ,  whic h the y argu e provide s 
a stron g tes t  fo r  distinguishin g betwee n purel y associa -
tiv e representations ,  an d mechanism s possessin g represen -
tation s o f  "mediatin g concepts. " 

I n th e discrimination-shif t  tas k (Kendler ,  1995) ,  partici -
pant s ar e reinforce d fo r  distinguishin g betwee n fou r  stimul i 
presente d i n tw o distinc t  pairs .  Th e stimul i  ar e distinguish -
abl e o n tw o dimension s (e.g. ,  shap e [round/triangle ]  an d 
colou r  [white/black]) ,  on e o f  whic h i s reinforced .  Afte r 
participant s mak e th e appropriat e distinctio n t o a  give n cri -
terion ,  th e shif t  phas e o f  th e experimen t  begin s (withou t  in -
formin g th e participant) .  Th e reinforcemen t  contingencie s 
underg o eithe r  a  revers e shif t  (RS) ,  wher e th e previousl y re -
inforce d stimul i  ge t  negativ e reinforcemen t  an d vic e versa , 
or  a n extradimensiona l  shif t  (EDS) ,  wher e th e dimensio n 
on whic h reinforcemen t  i s base d (e.g. ,  shap e o r  color )  i s 
shifted .  Accordin g t o Kendle r  (1995) ,  animal s lear n b y a n 
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associativ e mechanism ,  an d lear n a n E D S faste r  tha n a n R S . 
Adul t  human s lear n b y formin g "mediate d concepts "  an d 
lear n a  R S faste r  tha n a n E D S . 

As fo r  th e rule-discover y tas k reporte d here ,  chil d pe r 
formanc e o n th e discrimination-shif t  tas k show s a  clea r  de -
velopmenta l  progression ,  wit h th e proportio n o f  childre n 
showin g adult-lik e performanc e i n th e majorit y onl y afte r 
aroun d 6  year s o f  age .  Prio r  t o this ,  mos t  childre n sho w 
discrimination-shif t  performanc e characteristi c o f  animals , 
learnin g a  E D S faste r  tha n a n R S . 

Raijmaker s an d Molenaa r  (1996 )  repor t  tha t  feedforwar d 
connectionis t  network s perfor m lik e animal s o r  youn g chil -
dre n o n th e discrimination-shif t  task .  I n contrast ,  symboli c 
representation s provid e a  natura l  metapho r  fo r  mediatin g 
concepts .  Futur e studie s migh t  asses s children' s perfor -
mance i n bot h th e rule-discover y an d discrimination-shif t 
tasks ,  i n orde r  t o se e i f  th e apparen t  correspondenc e be -
twee n developmen t  i n thes e tw o task s i s presen t  withi n par -
ticula r  individuals . 

Anothe r  interestin g lin e o f  potentia l  researc h concern s 
th e performanc e o f  amnesi c an d elderl y patient s o n th e ex -
plici t  rule-discover y task .  Implici t  learnin g appear s rela -
tivel y unimpaire d i n amensi c patient s (Knowlton ,  R a m u s 
& Squire ,  1992) ,  despit e thei r  know n deficit s i n declarativ e 
memory.  Thi s tallie s neatl y wit h th e propertie s o f  connec -
tionis t  an d symboli c representations .  Connectionis t  repre -
sentation s degrad e gracefull y i n th e fac e o f  damage ,  be -
caus e thei r  knowledg e i s distribute d ove r  m a n y interuni t 
connections .  Symboli c mechanism s ar e brittle ,  becaus e 
thei r  knowledg e i s concentrate d i n discret e statements ,  in -
terprete d b y a  singl e processin g mechanism .  D a m a g e t o ei -
the r  rule s o r  processo r  ca n hav e drasti c consequences .  Th e 
finding  o f  impaire d explici t  rule-learnin g i n amnesi c pa -
tient s woul d furthe r  reinforc e th e cas e fo r  representation -
all y distinc t  implici t  an d explici t  learnin g mechanisms . 
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