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Abstrac t 

Artificial grammar leeiming is noted for the claim that 
subject s ar e unawar e o f  thei r  knowledge .  Cha n (1992 ) 
and Diene s e t  al .  (i n press )  hav e demonstrate d tha t  sub -
ject s cir e unawcir e i n th e sens e tha t  the y lac k meta -
knowledge .  Dissociation s betwee n subjects '  perfor -
meuic e an d thei r  confidenc e i n thei r  decision s sugges t 
tha t  th e leeimin g mechanis m ma y b e i n som e sens e 
encapsulate d fro m th e "confidenc e system" .  Her e w e 
teste d th e alternativ e hypothesi s tha t  th e confidenc e 
syste m i s initiaJl y poorl y ccJibrated ,  o r  doe s no t  kno w 
whic h aspect s o f  th e lecimin g mechanis m t o atten d to ,  b y 
trainin g an d testin g subject s ove r  fou r  weekl y sessions . 
On al l  fou r  week s w e foun d a  strong ,  near-perfec t  eisso -
ciatio n betwee n confidenc e an d performanc e fo r  traine d 
subjects ,  bu t  a  dissociatio n fo r  untreiine d contro l  sub -
jects .  W e discus s possibl e explanation s fo r  thes e results , 
and previousl y observe d dissociations . 

Artificia l  g ramma r  learnin g i s notabl e fo r  th e contro -
versia l  clai m tha t  subject s acquir e knowledg e whic h al -
low s the m t o distinguis h string s whic h follo w th e sam e 
rule s a s a  se t  o f  previousl y memorise d strings ,  fro m thos e 
whic h d o not ,  bu t  tha t  the y ar e no t  consciousl y awar e o f 
thi s knowledg e (Reber ,  1967,1989) .  However ,  measurin g 
subjects '  consciou s knowledg e i s plague d wit h th e prob -
lem s o f  findin g suitabl y sensitive ,  explici t  tests ,  an d o f 
ensurin g tha t  th e knowledg e thes e explici t  test s measur e 
i s th e sam e a s the  knowledg e subject s us e t o perfor m 
th e classificatio n (se e Shank s an d St .  John ,  1995 ,  an d 
commentaries) . 

Chan (1992 )  an d Dienes ,  Al tmann ,  K w a n an d Good e 
(i n press )  se t  issue s o f  consciousnes s asid e an d focu s in -
stea d o n behaviour :  Subjects '  abilit y  t o m a k e confidenc e 
judgement s abou t  thei r  performance .  Thi s test s meta -
knowledge ,  o r  "wha t  subject s kno w abou t  wha t  the y 
know" .  Cha n (1992 )  showe d tha t  subjects '  confidenc e 
i n thei r  judgement s wa s unrelate d t o the  likelihoo d tha t 
thos e judgement s wer e correct .  Similarly ,  Diene s e t  al . 
(i n press )  showe d tha t  eve n whe n subject s though t  tha t 
the y wer e guessing ,  thei r  performanc e wa s abov e chanc e 
(an d untraine d control )  levels . 

Chan (1992 )  an d Diene s e t  al .  (i n press )  propos e tha t 
th e dissociatio n betwee n confidenc e an d accurac y i s evi -
denc e tha t  subject s lac k meta-knowledge .  Thi s suggest s 

tha t  the  learnin g mechanis m i s t o a  certai n exten t  encap -
sulate d fro m th e "confidenc e system" ,  s o tha t  it s inne r 
working s {e.g .  the  strength s o f  it s rules ,  o r  connectio n 
weights ,  o r  it s  erro r  signals )  ar e inaccessible . 

I n thi s paper ,  w e presen t  a  stud y whic h aime d t o tes t 
a possibl e alternativ e explanatio n fo r  thi s dissociation ; 
tha t  meta-knowledg e i s i n principl e available ,  bu t  simpl y 
tha t  extractio n o f  thi s knowledg e require s learnin g o r 
calibration ,  an d i s initiall y  inziccurate . 

Diene s an d Perner' s (i n press )  discussio n o f  th e ex -
ten t  an d manne r  i n whic h neura l  network s posses s meta -
knowledg e shoul d clarif y thi s point .  The y sugges t  tha t 
i f  th e "confidenc e system "  i s abl e t o observe ,  an d know s 
the  significanc e of ,  th e outpu t  activatio n o f  th e learnin g 
mechanis m (whic h i n a  networ k migh t  indicat e the  ex -
ten t  t o whic h the  curren t  tes t  strin g i s consisten t  wit h 
th e trainin g strings ,  e.g .  Dienes ,  1992) ,  the n confidenc e 
an d performanc e shoul d b e correlated .  However ,  i f  th e 
confidenc e syste m ca n onl y observ e whethe r  the  learnin g 
mechanisms '  outpu t  i s o n o r  of f  (wher e th e "better "  th e 
tes t  string ,  aiccordin g t o the  learnin g mechanism ,  th e 
mor e likel y the  outpu t  i s t o b e activated) ,  the n confi -
denc e an d accurac y wil l  b e unrelated . 

I n thes e terms ,  ou r  alternativ e hypothesi s suggest s 
tha t  the  confidenc e judgemen t  mechanis m migh t  b e ini -
tiall y  ignoran t  o r  uncertai n o f  the  identit y and/o r  sig -
nificanc e o f  th e learnin g mechanism' s output ,  bu t  tha t 
wit h practice ,  o r  the  opportunit y t o observ e th e learn -
in g mechanis m mor e closely ,  th e confidenc e judgemen t 
mechanis m wil l  b e abl e t o aw;curatel y identif y th e learn -
in g mechanism' s output . 

Diene s an d Perne r  als o sugges t  tha t  i f  th e learnin g 
mechanism' s outpu t  wa s onl y accessibl e t o th e confi -
denc e syste m o n a  transforme d scale ,  s o tha t  th e cut-of f 
fo r  respondin g "grammatical "  wa s unknown ,  the n ac -
curat e confidenc e judgment s coul d b e m a d e ,  bu t  onl y 
by comparin g th e curren t  transforme d value s t o previ -
ous value s (e.g .  i f  the  valu e i s lo w compare d t o previ -
ous ones ,  respon d 'grammatical '  wit h lo w confidence , 
or  'non-grammatical '  wit h hig h confidence) .  However , 
initially ,  whe n the  sampl e o f  previou s value s i s  small , 
confidenc e m a y b e relativel y inaccurate .  Extensiv e ex -
perienc e m a y allo w th e constructio n o f  a  sufficientl y 
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larg e sampl e tha t  accurat e confidenc e judgement s ca n 
be made . 

Previou s dissociation s betwee n confidenc e judgement s 

an d performanc e wer e observe d durin g a  singl e tes t  ses -

sion .  I f  th e learnin g mechanis m i s genuinel y opaqu e t o 
th e confidenc e system ,  the n thes e dissociation s shoul d b e 
maintaine d acros s multipl e tes t  sessions .  Alternatively ,  i f 
th e learnin g mechanis m i s i n principl e transparent ,  the n 

wit h practice ,  confidenc e m a y com e t o accuratel y reflec t 
performance . 

We teste d thes e conflictin g hypothese s b y trainin g an d 
testin g subject s ove r  a  four-wee k period .  T h e paradig m 

use d wa s th e guessin g g a m e (Redingto n &  Chater ,  1994) . 
Here ,  prio r  t o makin g a  grammaticality ,  an d confidence , 
judgemen t  abou t  eac h string ,  subject s ar e first  require d 
t o reconstruc t  th e string ,  guessin g eac h lette r  unti l  i t  i s 
correctl y identified ,  an d the n proceedin g t o th e nex t  let -
ter .  Thi s provide s a  detaile d measur e o f  subjects '  knowl -
edg e o f  th e possibl e continuation s a t  eac h point .  Ther e 
wer e tw o conditions :  on e grou p o f  subject s memorise d 
th e trainin g string s eac h week ,  prio r  t o testing ,  whil e a n 
untraine d contro l  grou p neve r  sa w th e trainin g strings . 

Method 

Des ign .  Thi s wa s a  2  x  4 x  2  mixe d design .  T h e 
between-subject s facto r  wa s training ,  wit h subject s ran -
doml y assigne d t o th e traine d o r  untraine d condition . 
T h e within-subject s feictor s wer e Wee k (1-4) ,  an d Non -
Grammatica l  Strin g Violatio n Typ e (non-grammatica l 

string s containe d eithe r  non-permissibl e pair s an d non -
permissibl e triples) . 

Materials. The stimuli were exactly those used by 
G o m ez an d Schvaneveld t  (1994) .  Ther e wer e 1 8 trainin g 
strings ,  an d 5 1 tes t  strings ,  o f  whic h 1 7 wer e grammati -
cal ,  1 7 wer e non-grammatica l  becaus e the y containe d il -
lega l  pair s o f  letter s (non-permissibl e pairs ;  NPP) ,  an d 1 7 
wer e non-grammatica l  consistin g entirel y o f  lega l  pair s 
of  letters ,  bu t  i n illega l  combination s (non-permissibl e 
triples ;  NPT^) .  Al l  th e string s wer e betwee n 3  an d 8  let -
ter s long .  Se e G o m e z an d Schvaneveld t  (1994 )  fo r  detail s 
of  th e g r a m m a r  an d exac t  string s used .  T h e experimen t 
was ru n o n Appl e PowerPC's . 

Subjects .  T h e 2 0 subject s wer e undergraduat e o r 
postgraduat e student s a t  Oxfor d University .  A  smal l 
(£20 )  paymen t  wa s m a d e fo r  thei r  participation .  O n e 
subjec t  (assigne d t o th e contro l  condition )  di d no t  at -
ten d fo r  th e final  week' s session ,  du e t o illness . 

Procedure. Subjects performed an identical proce-
dur e eac h wee k fo r  fou r  weeks .  Th e weekl y proce -
dur e wa s closel y modelle d o n tha t  use d i n Redingto n 
an d Chate r  (1994) .  I t  wa s stresse d befor e eac h sessio n 

'Gome z em d Schvaneveld t  (1994 )  refe r  t o thi s kin d o f  er -
ro r  a s "non-permissibl e location" .  Her e w e us e th e mor e 
mnemoni c term ,  followin g Gomez (1996) . 

tha t  subject s shoul d pa y car e an d attentio n t o th e task . 
Traine d subject s the n sa w th e followin g instructions ; 

This is a simple memory experiment. When you press 
th e butto n labelle d 'Start' ,  yo u wil l  se e 1 8 strings ,  con -

structe d fro m 5  differen t  letters .  Th e item s wil l  ru n from 
thre e t o eigh t  letter s i n length .  You r  tas k i s t o leeu n an d 
remember  a s muc h a s possibl e abou t  al l  1 8 items .  Yo u 
hav e 1 0 minutes .  I f  yo u hav e an y question s abou t  th e 

task ,  pleas e as k th e Experimente r  now .  Pres s "Start " 
when yo u cir e read y t o begin . 

The learning strings were displayed for 10 minutes, in 
thre e left-justifie d column s o f  si x string s each .  Th e or -
der  o f  th e string s wa s randomise d separatel y fo r  eac h S . 
Traine d subject s the n sa w th e followin g instructions : 

The order of letters in the set you saw was determined 
by a  rathe r  comple x se t  o f  rules .  Th e rule s allo w onl y 
certai n letter s t o follo w othe r  letters .  N o w yo u wil l  b e 
presente d wit h a  se t  o f  tes t  strings .  Som e o f  thes e obe y 
th e sam e rule s a s th e th e tradnin g strings ,  an d som e 
violat e thes e rule s i n som e way .  Fo r  eac h tes t  string , 
yo u mus t  gues s th e letter s o f  th e string ,  on e a t  a  time , 
and the n indicat e whethe r  i t  obey s th e rule s o r  not .  Yo u 
gues s letter s b y pressin g th e butto n correspondin g t o 
th e lette r  whic h yo u thin k come s next .  I f  you r  gues s i s 
correct ,  th e lette r  wil l  appea r  o n th e screen ,  an d yo u ca n 
procee d t o th e nex t  letter .  I f  you r  gues s i s incorrect ,  th e 
butto n wil l  disappear ,  ein d yo u mus t  tak e anothe r  guess . 
The butto n labelle d 'End '  i s  fo r  guessin g tha t  th e strin g 
i s complete .  Th e string s ar e ai l  betwee n 3  an d 8  letter s 
long . 
Once yo u hav e complete d th e item ,  tw o mor e button s 
wil l  appear ,  labelle d 'Correct '  an d 'Incorrect' .  I f  yo u 
thin k th e ite m tha t  yo u hav e jus t  guesse d follow s th e 
same rule s a s th e origina l  items ,  the n pres s 'Correct' .  I f 
yo u thin k i t  violate s thos e rule s the n pres s 'Incorrect' . 

Untrained subjects performed only the test phase. 
Thei r  instruction s closel y followe d thi s above ,  excep t 
tha t  the y commenced : 

You will be presented with a set of test strings. Some 
of  thes e obe y a  certeii n se t  o f  rules ,  whic h dictat e whic h 
letter s ca n follo w othe r  letters .  Fo r  eac h tes t  string.. . 

These instructions were reiterated verbally before the 
subject s commence d th e tes t  phase .  Subject s wer e als o 
tol d tha t  afte r  eac h judgement ,  the y woul d b e aske d t o 
rat e ho w confiden t  the y wer e tha t  thei r  decisio n wa s cor -
rect ,  o n a  scal e fro m 5 0 % (guessing )  t o 1 0 0 % (absolutel y 
certain) . 

Th e tes t  displa y initiall y  showe d a  (blank )  strin g dis -
play ,  centre d o n th e screen ,  an d belo w this ,  a  ro w o f 
five  guessin g buttons ,  labelle d fro m lef t  t o righ t  wit h th e 
appropriat e letter s (i n rando m order )  an d 'End' .  Sub -
ject s guesse d b y clickin g o n th e appropriat e butto n wit h 
th e mouse .  Followin g a  wron g gues s (i.e .  no t  matchin g 
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th e nex t  lette r  o f  th e curren t  item) ,  th e butto n disap -
peared .  I f  thei r  respons e wa s correct ,  the n th e lette r  wa s 
appende d t o th e strin g display ,  an d al l  th e guessin g but -
ton s reappeare d fo r  th e nex t  lette r  t o b e guessed .  Th e 

'End '  butto n acte d i n a n identica l  manne r  t o th e othe r 
guessin g buttons ;  a n 'End '  gues s wa s correc t  i f  th e ite m 
was otherwis e complet e (al l  it s letter s ha A bee n guessed) , 
and incorrec t  otherwise .  Followin g a  correc t  'End'guess , 

th e guessin g button s disappeared ,  th e strin g displa y wa s 

centred ,  an d tw o button s labelle d 'Correct '  an d 'Incor -
rect '  appeare d t o th e righ t  o f  th e strin g display .  Afte r 
th e subjec t  responde d b y clickin g on e o f  these ,  a  dialo g 
box appeared ,  askin g "Ho w certai n ar e yo u tha t  you r 
judgemen t  i s correct?" .  A  drop-dow n men u allowe d th e 
subject s t o indicat e 50 ,  60 ,  70 ,  80 ,  90 ,  o r  100% .  Ther e 
was n o defaul t  value ;  subject s ha d t o indicat e a  confi -
denc e valu e befor e proceeding .  Onc e thi s wa s done,  th e 
displa y wa s rese t  fo r  th e nex t  tes t  string . 

The 1 7 grammatica l  an d 3 4 non-grammatica l  tes t 
item s wer e eac h presente d twice ,  resultin g i n 10 2 trials . 

Results 

Grammat ica l i t y J u d g e m e n t s 

Grammaticalit y judgemen t  score s wer e assesse d i n 
term s o f  violatio n sensitivity .  Th e proportio n o f  non -
grammatica l  item s correctl y classifie d minu s th e propor -
tio n o f  grammatica l  item s incorrectl y classifie d (correc t 
rejection s — misses ,  se e Gomez &  Schvaneveldt ,  1994) . 
Violatio n sensitivit y wa s calculate d separatel y fo r  NP P 
and NP T typ e violations .  Summar y statistic s fo r  viola -
tio n sensitivit y ar e show n i n Tabl e 1 . 

Trained : 
NPP 
NPT 

Control : 
NPP 
NPT 

One 

.3 0 (.14 ) 

.1 6 (.16 ) 

.2 3 (.18 ) 

.1 0 (.08 ) 

Week 
Two Thre e 

.7 7 (.12 ) 

.2 4 (.28 ) 

.3 6 (.19 ) 

.1 1 (.10 ) 

.8 4 (.13 ) 

.2 6 (.23 ) 

.3 9 (.21 ) 

.1 3 (.10 ) 

Fou r 

.8 2 (.11 ) 

.3 3 (.25 ) 

.3 8 (.22 ) 

.1 8 (.14 ) 

Tabl e 1 :  Mea n Violatio n sensitivit y b y Group ,  Violatio n 
Typ e (np p an d NPT) ,  an d Week .  Standar d deviation s 
ar e show n i n parentheses . 

A three-way anova comparing violation sensitivity, 
wit h Grou p (traine d o r  control )  a s a  between-subject s 
variable ,  an d bot h Wee k an d Violatio n Typ e (np p 
or  npt )  a s within-subject s variable s indicate d tha t  al l 
mai n effect s an d interaction s wer e reliable .  Traine d 
subject s outperforme d control s (F(l,17 )  =  19.95, p = 
0.0003 ,  M 5 e =  0.10) ;  subject s wer e mor e sensitiv e t o 
NPP tha n t o NP T typ e violation s (F(l ,  17 )  =  63.94, p = 
0.0001 ,  M 5 e =  0.06) ,  bu t  thi s differenc e wa s les s marke d 

i n traine d subject s (F(l ,  17 )  =  10.06, p >  0.006 ,  M S e = 
0.06) ;  subject s i n bot h group s improve d ove r  week s 

(F(3,51 )  =  28.02, p =  0.0001 ,  M S e =  0.02) ;  traine d sub -
ject s improve d a t  a  faste r  rat e tha n control s (F(3,51 )  = 

7.00, p =  0.0005 ,  M 5 e =  0.02) ;  th e increase d sensi -
tivit y t o NP P typ e violation s change d ove r  th e week s 
(F(3,51 )  =  12.46, p =  0.0001 ,  M 5 e =  0.01) ;  ther e wa s 
a reliabl e Violatio n Typ e x  Grou p x  Wee k interactio n 

(F(3,51 )  =  3.59, p >  0.02 ,  M S e =  0.01) . 
As i n previou s guessin g gam e studie s (Redingto n & 

Chater ,  1994 )  untraine d contro l  subject s performe d re -
liabl y abov e chanc e (th e lowe r  9 5 % confidenc e limi t  o f 
violatio n sensitivit y wa s abov e zer o o n al l  fou r  weeks ,  fo r 
bot h kind s o f  violation) . 

For  ou r  presen t  purpose ,  thes e result s serv e t o con -
firm  tha t  th e msii n experimenta l  manipulation s (train -
ing ,  practice ,  an d violatio n type )  hav e hau l  th e expecte d 
effec t  o n subjects '  grammaticalit y judgemen t  (perfor -
mance i s improve d b y trainin g an d practice ,  wit h mor e 
subtl e non-grammatica l  violation s bein g harde r  t o de -
tect) .  Give n this ,  w e ca n b e relativel y confiden t  tha t 
any effect s o n meta-knowledg e ar e genuinel y du e t o thes e 
manipulations . 

T h e Guess in g G a m e 

Subjects '  guessin g gam e performanc e wa s assesse d i n 
term s o f  ̂ ,  th e amoun t  o f  informatio n i n thei r  guesses . 
The les s tha t  a  subjec t  ha s learn t  durin g th e trainin g 
phase ,  th e mor e guesse s (an d thu s feedback )  the y wil l 
tak e t o reconstruc t  th e tes t  items .  H  i s a .  measur e o f  th e 
amount  o f  informatio n i n th e feedbac k (vi a a n ingeniou s 
argumen t  o f  Shannon ,  1951) : 

f i = -  Y l  P'l°g2(P. ) (1 ) 
•  =  1,2,..., n 

whe r e p,- ,  th e estimate d probabilit y  tha t  th e subjec t  wil l 
requir e t  guesse s t o identif y a n e lemen t  o f  th e sequence , 
i s derive d f r o m observe d relativ e frequencie s o f  i  guesse s 
bein g required . 

A three-wa y anov a comparin g H ,  wit h Grou p a s a 
between-subject s variable ,  an d bot h Wee k an d Gram -
maticalit y (grammatical ,  NPP,  o r  npt )  a s within -
subject s variabl e reveale d effect s whic h predictabl y par -
allele d thos e i n th e grammaticalit y judgemen t  data : 
al l  subject s neede d reliabl y les s feedbax; k t o recon -
struc t  grammatica l  string s (F(2,34 )  =  230.37, p = 
0.0001 ,  M 5 e =  0.01) ,  bu t  thi s advantag e wa s great -
est  fo r  th e traine d subject s (F(2,34 )  =  7.46, p = 
0.0021 ,  M 5 e =  0.01) ;  subject s require d les s feedbac k i n 
late r  week s (F(3,51 )  =  102.34, p =  0.0001 ,  M 5 e =  0.01) , 
but  th e improvement s wer e reliabl y greate r  fo r  traine d 
subject s (F(3,51 )  =  10.26, p =  0.0001 ,  M 5 e =  0.01) , 
and fo r  grammatica l  string s (F(6,102 )  =  9.92, p = 
0.0001 ,  M5< .  =  0.004) .  Ther e wa s n o reliabl e Grou p 
X Wee k x  Grammaticalit y interactio n fo r  th e guessin g 
dat a (F(6,102 )  =  1.55, p =  ns,M5 e =  0.004) . 
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Th e mai n effec t  o f  Grou p (traine d o r  control )  wa s reli -

abl e o n a  1-taile d tes t  (F(l ,  17 )  =  3.09, p <  0.05 ,  M S ,  = 

0.21) . 

Thes e finding s closel y mirro r  thos e fo r  grammatical -
it y judgement s (a s i n previou s studie s wit h th e guessin g 
game) ,  an d serv e a s furthe r  confirmatio n tha t  th e experi -

menta l  manipulation s o f  training ,  practise ,  an d violatio n 
typ e di d hav e th e predicte d effects . 

Meta-Knowledge 

Subjects' meta-knowledge was assessed according to the 
guessin g criterio n (Cheesema n k  Merikle ,  1984 ,  Diene s 
et  al. ,  i n press) ,  an d th e exten t  t o whic h confidenc e wa s 

correlate d wit h accurac y (Chan ,  1992 ;  Diene s e t  al. ,  i n 
press) . 

T h e Guessin g Criterion .  Accordin g t o Cheesema n 
and Merikl e (1984) ,  i f  subject s scor e abov e chance , 
when the y clai m t o b e guessing ,  the n the y lac k meta -
knowledge .  Violatio n sensitivit y wa s calculate d fo r  thos e 
trid s o n whic h subject s rate d thei r  confidenc e a t  5 0 % . 
Thi s constitute d onl y 5 % o f  al l  judgement s wit h th e un -
traine d grou p makin g mor e tha n th e traine d grou p ( 7 % 
vs .  3 % ) ,  an d bot h group s makin g fewe r  ove r  th e fou r 
weeks) . 

Ther e wa s n o indicatio n tha t  th e traine d subject s per -
forme d abov e chanc e whe n the y claime d tha t  the y wer e 
guessing .  Violatio n sensitivit y di d no t  diffe r  reliabl y 
fro m zer o o n an y week ,  fo r  eithe r  NP P o r  NP T typ e vio -
lation s (b y 1-grou p <-tests ,  al l  p' s >  0.05) ,  an d 6  o f  th e 
8 value s wer e numericall y belo w zero . 

Ther e wer e som e indication s tha t  contro l  subject s 
performe d abov e chanc e whe n the y claime d the y wer e 
guessing .  Violatio n sensitivit y wa s reliabl y abov e zer o 
on Wee k 4 ,  fo r  NP P typ e violation s ( M — .41,<(8 )  = 
2.17, p <  0.05) ,  an d fo r  NP L typ e violation ,  o n Week s 1 
and 4  th e effec t  wa s marginall y reliabl e ( M =  .13,t(9 )  = 
1.57, p =  0.075 ,  an d M =  .28,t(8 )  =  1.77, p =  0.058) . 
However ,  i n genera l  ther e wa s n o indicatio n o f  a  consis -
tent ,  reliabl e effect . 

T h e Zero-Correlatio n Criterion .  Cha n (1992 )  pro -
pose d tha t  i f  subject s possesse d meta-knowledge ,  the n 
confidenc e an d accurac y shoul d b e correlated . 

Diene s e t  al .  (i n press )  sugges t  tha t  instea d o f  testin g 
fo r  a  correlation ,  th e differenc e betwee n subjects '  confi -
denc e i n correc t  an d incorrec t  judgement s ca n b e use d 
as a  measur e o f  subjects '  meta-knowledge .  I f  thi s valu e 
i s reliabl y greate r  tha n zero ,  the n subject s wer e mor e 
confiden t  i n correc t  decisions ,  an d di d posses s meta -
knowledge . 

We rejecte d thi s approEic h fo r  th e curren t  data ,  a s 
i t  doesn' t  tak e accoun t  o f  respons e bias^ .  Instead ,  w e 
looke d a t  ho w subjects '  violatio n sensitivit y wa s relate d 
t o confidence .  Tabl e 2  show s th e Pearson' s correlatio n 
coefficien t  betwee n confidenc e an d mea n violatio n sensi -

tivit y b y Group ,  Violatio n Type ,  an d Week . 

TVained : 

NPP 
NPT 

Control : 
NPP 
NPT 

One 

.93 * 

.75 ' 

.2 1 
-.87 * 

Week 
Two 

.95 * 

.84 * 

.2 9 
-.1 8 

T h r e e 

.96 * 

.97 * 

-.1 1 

-.1 7 

Fou r 

.99 * 
.5 6 

.1 1 
-.5 8 

Tabl e 2 :  Th e correlatio n coeflScien t  betwee n confidenc e 

leve l  an d mea n violatio n sensitivity ,  fo r  traine d subjects . 
Th e criterio n valu e fo r  a  1-taile d tes t  i s  0.7 3 (se e Brunin g 
and Kintz ,  1977 ,  p .  174 )  an d value s i n exces s o f  thi s ar e 

marke d * . 

These results suggest strongly that as trained sub-
jects '  confidenc e increased ,  s o di d thei r  sensitivit y t o 

bot h type s o f  violations .  I n othe r  words ,  w e foun d n o 
evidenc e fo r  a  dissociatio n betwee n confidenc e an d ac -
curacy .  Ther e i s n o indicatio n tha t  th e strengt h o f  thi s 
associatio n increase d ove r  th e fou r  weeks .  Th e failur e 

t o find a  reliabl e correlatio n o n Wee k 4  fo r  NP T typ e 
violation s ca n b e reasonabl y considere d a s a n anomaly , 
give n th e strong ,  highl y reliable ,  positiv e relationship s 
otherwis e observed . 

I n th e result s fo r  untraine d control s (se e Tabl e 2 )  w e 
see n o evidenc e o f  a n associatio n betwee n confidenc e an d 
performanc e (an d obviousl y n o indicatio n o f  a n improve -
ment  ove r  weeks) .  Indeed ,  th e onl y reliabl e correlatio n 
i s negative ,  fo r  NP T typ e violation s o n Wee k 1 ;  th e mor e 
confiden t  subject s were ,  th e les s sensitiv e the y became . 

Discussion 

By bot h th e guessin g an d zero-correlatio n criteria ,  ou r 
result s indicat e tha t  traine d subject s possesse d consider -
abl e meta-knowledge ,  o n al l  fou r  week s o f  testing .  Thu s 
unde r  som e conditions ,  subject s ca n mak e accurat e con -
fidence  judgement s abou t  thei r  performanc e i n artificia l 
grammar  learning . 

H ow ca n w e reconcil e thi s observatio n wit h previousl y 
observe d dissociation s betwee n confidenc e an d perfor -
mance? On e obviou s explanatio n i s tha t  th e guess -
in g procedur e provide d a  basi s fo r  subjects '  confidenc e 
judgements ,  whic h wa s absen t  i n th e standard ,  ''gram -
maticalit y judgemen t  only "  procedure .  Thu s subject s 
migh t  b e confiden t  tha t  a  strin g whos e letter s wer e rela -
tivel y eas y t o gues s wa s grammatical ,  an d confiden t  tha t 

*For instance, by Dienes et a/.'s measure, subjects pos-
sesse d negativ e meta-knowledg e o f  NP T typ e violations ,  a s 
the y wer e les s confiden t  whe n respondin g non-grammatica l 
t o thes e items .  However ,  a t  hig h level s o f  confidence ,  sub -
ject s wer e les s likel y t o misclassif y grammatica l  item s a s non -
grammatical ,  s o violatio n sensitivit y t o NP T violation s never -
theles s increase d wit h confidence . 
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a strin g whic h wa s relativel y difficul t  t o reconstruc t  wa s 
Don-grammatical .  Thi s i s a  plausibl e explanation ,  an d 

some replicatio n o f  thi s stud y withou t  th e guessin g gam e 
paradig m i s obviousl y required . 

Diene s e t  al .  (i n press :  Experimen t  2 )  demonstrate d 
a simila r  case ,  whe n subject s ha d t o sa y whic h o f  thre e 
tes t  item s wer e grammatical ,  i n a  force d choic e proce -

dure .  Diene s e t  al .  poin t  ou t  tha t  th e learnin g mech -
anis m migh t  b e strongl y encapsulated ,  wit h a  binar y 
output ,  bu t  tha t  meta-knowledg e coul d stil l  b e inferred , 
simpl y b y bein g mor e confiden t  i n a  choic e whe n i t  wa s 

th e onl y "grammatical "  string ,  accordin g t o th e learnin g 
mechanism . 

I n th e presen t  case ,  w e d o no t  fin d thi s a  completel y 
convincin g explanation .  Ou r  choic e o f  th e guessin g gam e 
paradig m wa s intende d t o maximis e bot h th e amoun t  o f 
attentio n tha t  subject s pai d t o th e tes t  strings ,  an d t o 
encourag e th e "confidenc e system "  t o focu s o n relevan t 
aspect s o f  th e learnin g mechanism' s output .  Bu t  th e 
situatio n her e i s  quit e differen t  fro m tha t  o f  Diene s e t 

al .  Eve n i n a  standar d "grammaticalit y judgemen t  only " 
situation ,  on e ca n imagin e tha t  subject s migh t  pla y a n 
"internal "  guessin g game ,  assessin g string s o n th e basi s 
of  ho w unexpecte d eac h successiv e lette r  is .  Indeed ,  thi s 
i s ho w som e computationa l  model s o f  artificia l  g ramma r 
learning ,  simpl e recurren t  networks ,  functio n (se e Berr y 
fc  Dienes ,  1993) ,  an d thi s predictio n informatio n i s avail -
abl e t o subjects ,  a s guessin g g a m e performanc e demon -
strates .  T h e guessin g gam e therefor e doe s no t  appea r 
t o provid e additiona l  information ,  tha t  subjects '  migh t 
not  posses s simila r  amount s o f  meta-knowledg e i n its ' 
absence . 

A secon d possibl e explanatio n fo r  th e positiv e associ -
atio n i s tha t  traine d subject s engage d i n rule-searchin g 
behaviour ,  rathe r  tha n implici t  learning .  Cha n (1992 ) 
foun d a n associatio n betwee n confidenc e an d perfor -
mance,  i n subject s give n rule-searchin g instruction s dur -
in g training .  However ,  whils t  thi s possibilit y m a y appl y 
t o late r  weeks ,  wher e subject s wer e awar e o f  th e rule -
governe d natur e o f  th e strings ,  i n Wee k one ,  whe n th e 
subject s wer e naive ,  a  stron g associatio n wa s stil l  ob -
served . 

A thir d possibilit y  i s  tha t  ther e i s som e subtl e motiva -
tiona l  o r  procedura l  factor ,  whic h differ s betwee n thos e 
studie s wher e confidenc e an d performanc e ar e associate d 
(Manz a &  Reber ,  cite d i n Diene s e t  al. ,  i n press ,  an d 
th e presen t  study) ,  an d thos e wher e a  dissociatio n ha s 
been observe d (Chan ,  1992 ;  Diene s e t  al. ,  i n press) .  Fo r 
instance ,  i t  m a y b e tha t  subject s i n th e Manz a an d Re -
ber  stud y wer e someho w encourage d t o pla y a n "inter -
nal  guessin g game "  a s suggeste d above ,  whils t  thos e i n 
Chan' s an d Diene s e t  al.' e studie s m a d e thei r  confidenc e 
judgement s o n som e muc h les s reliabl e basis . 

Thi s facto r  migh t  lea d subject s t o infe r  meta -
knowledg e tha t  i s no t  availabl e fro m th e learnin g mech -

anis m directl y (a s Diene s an d Perne r  suggest) ,  o r  i t  m a y 
caus e th e confidenc e syste m t o focu s o n th e appropri -

at e aspect s o f  th e learnin g mechanis m (th e alternativ e 

hypothesi s tha t  th e presen t  stud y wa s intende d t o test) . 

S o me suppor t  fo r  th e effec t  o f  motivationa l  factor s o n 
confidenc e judgement s come s fro m ou r  contro l  group s re -
sults .  Thes e subject s di d perfor m reliabl y abov e chance , 

but  showe d som e tendenc y toward s abov e chanc e clas -
sificatio n whe n thei r  confidenc e wa s 5 0 % ,  an d a  clea r 
dissociatio n betwee n confidenc e an d performanc e b y th e 
zero-correlatio n criterion .  I f  th e guessin g g a m e wa s re -
sponsibl e fo r  th e associatio n observe d i n traine d sub -
jects ,  the n w e shoul d observ e a  simila r  associatio n i n 
controls . 

Of  course ,  th e rang e o f  guessin g performanc e i s lowe r 
fo r  controls ,  an d s o confidenc e judgement s whic h wer e 
cue d b y guessin g performanc e migh t  b e les s strongl y 
associate d wit h grammaticalit y judgemen t  performance . 
However ,  thi s woul d no t  accoun t  fo r  th e reversa l  o f  th e 
relationshi p betwee n confidenc e an d performanc e tha t 
we find  fo r  contro l  subject s wit h N P T typ e strings ;  th e 
mor e confiden t  the y were ,  th e les s sensitiv e t o n p t  typ e 
violation s the y became .  T h e mai n motivationa l  differ -
enc e betwee n th e tw o group s wa s tha t  havin g see n n o 
trainin g strings ,  th e contro l  subject s ha d n o goo d exter -
nal  reaso n t o believ e tha t  the y coul d accuratel y classif y 
th e tes t  strings . 

To conclude ,  i t  appear s tha t  unde r  som e condition s 
confidenc e an d performanc e m a y b e highl y associated , 
whils t  i n others ,  a  clea r  dissociatio n m a y b e observed . 
Gainin g a  clea r  understandin g o f  wha t  influence s thi s re -
lationshi p m a y allo w u s t o dra w stron g inference s abou t 
th e natur e o f  th e learnin g mechanism ,  an d th e exten t  t o 
whic h it s processin g an d representation s ar e availabl e to , 
or  encapsulate d from ,  consciou s awareness .  However ,  fo r 
th e present ,  thes e influence s remai n fa r  fro m clear . 
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