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Abstract 

In a guessing game, Ss reconstruct a sequence by 
guessin g eac h successiv e elemen t  o f  th e sequenc e fro m 
a finite  se t  o f  alternatives ,  receivin g feedbac k afte r  eac h 
guess .  A n uppe r  boun d o n S s knowledg e o f  th e sequenc e 
i s give n b y H ,  th e estimate d entrop y o f  th e number s o f 
guesses .  Th e metho d provide s a  measur e o f  learnin g 
independen t  o f  materia l  typ e an d distractors ,  an d th e 
resultin g dat a se t  i s  ver y rich .  Here ,  th e metho d i s ap K 
plie d t o artificia l  g ramma r  learning ;  S s wer e expose d t o 
string s fro m a  finit e stat e g ramma r  an d subsequentl y dis -
tinguishe d betwee n string s tha t  followe d o r  violate d th e 
grammar  reliabl y bette r  tha n S s w h o ha d no t  see n th e 
learnin g string s (bu t  w h o themselve s performe d a t  abov e 

chanc e levels) .  S s knowledg e o f  th e strings ,  H ,  reflecte d 
bot h grammaticalit y an d exposur e t o learnin g strings , 
and wa s correlate d wit h overal l  judgemen t  performance . 
For  non-grammatica l  strings ,  th e string s tha t  S s kne w 
most  abou t  wer e thos e the y foun d mos t  difficul t  t o c\as -
sif y correctly .  Thes e result s suppor t  th e hypothesi s tha t 
fragmen t  knowledg e play s a n importan t  par t  i n artifi -
cia l  gramma r  learning ,  an d w e sugges t  tha t  th e guessin g 
game paradig m i s a  usefu l  too l  fo r  studie s o f  learnin g 
and memor y i n general . 

Introduction 

I n learnin g an d memor y researc h i t  i s  importan t  t o estab -
lis h exactl y what ,  an d ho w much ,  S s lear n o r  recal l  i n a n 
experimenta l  task .  Thi s pape r  describe s ho w th e "guess -
in g game "  paradig m (Shannon ,  1951 )  ca n b e usefu l  fo r 
obtainin g ric h qualitativ e an d quantitativ e information . 
We illustrat e th e approac h wit h a  guessin g gam e varian t 
on artificia l  gramma r  learnin g (agl )  tasks . 

I n a  guessin g game ,  S s reconstruc t  a  tes t  sequenc e 
(o r  a  se t  o f  sequences )  b y guessin g eac h successiv e el -
ement  o f  th e sequenc e fro m a  restricte d se t  o f  alterna -
tives ,  receivin g feedbac k afte r  eac h guess .  Thi s ca n b e 
viewe d a s a  collaboratio n betwee n S  an d experimenter . 
The mor e informatio n th e S  possesse s abou t  a  sequence . 
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the fewer guesses they will take when guessing which el-
ement  come s next ,  an d th e les s informatio n (feedback ) 
the y wil l  requir e fro m th e experimenter . 

Rathe r  tha n measur e ho w m u c h S s kno w abou t  th e 
item s directly ,  w e asses s ho w m u c h the y d o no t  kno w b y 
estimatin g th e entropy ,  H ,  o f  th e sequenc e o f  number s 
of  guesse s tha t  the y tak e (whic h i s equivalen t  t o tha t  o f 
th e feedbac k the y receive) .  Thi s estimate,^ ,  i s a n uppe r 
bound ,  a s S s m a y kno w certai n information ,  bu t  b e un -
abl e t o us e i t  i n guessing ,  an d becaus e th e guesse s tha t 
eve n hypotheticall y idea l  S s tak e d o no t  revea l  th e exac t 
probabilit y  distributio n o f  eac h ite m occurrin g nex t  i n 
th e sequence ,  bu t  onl y thei r  order . 

Th e originato r  o f  thi s metho d i s Shanno n (1951) ,  w h o 
applie d i t  t o estimat e th e entrop y o f  English ,  wit h S s 
guessin g eac h successiv e lette r  o f  a n unsee n tex t  (a n up -
per  boun d o n S s ignoranc e o f  th e tex t  i s a n uppe r  boun d 
on th e entrop y o f  th e text ,  a s th e S s uncertaint y mus t 
be a t  leiis t  a s grea t  a s th e uncertainty ,  o r  entropy ,  o f 
th e tex t  itself) .  It s  applicatio n t o psychologica l  inves -
tigatio n wa s advocate d b y Attneave ,  w h o applie d i t  t o 
non-sequential ,  visua l  stimul i  (Attneave ,  1954) . 

I n learnin g an d m e m o r y experiments ,  th e metho d ca n 
be use d t o asses s th e amoun t  o f  informatio n tha t  S s gai n 
fro m th e learnin g period ,  b y comparin g th e "ignorance " 
of  contro l  Ss ,  wit h th e "ignorance "  o f  S s i n th e learnin g 
condition .  A n importan t  methodologica l  advantag e i s 
tha t  th e guessin g gam e allow s learnin g performanc e t o b e 
measure d i n bit s o f  information ,  thu s allowin g compari -
son acros s differen t  set s an d type s o f  material .  Anothe r 
advantag e i s tha t  i t  allow s assessmen t  o f  Ss '  knowledg e 
of  eac h ite m independentl y o f  an y foil s o r  distractors . 
Furthermore ,  b y requirin g S s t o attemp t  t o regenerat e 
stimuli ,  a  mas s o f  lo w leve l  detai l  abou t  wha t  S s hav e 
learned ,  includin g m e m o r y fo r  fragment s an d pattern s 
rathe r  tha n whol e items ,  i s provided . 

Th e estimate ,  H ,  o f  th e amoun t  o f  informatio n i n th e 
feedbac k response s i s give n by : 

»=1. 2 n 
(1 ) 

^Bot h author s ar e Jointl y affiliated . wher e pi ,  th e estimate d probabilit y  tha t  th e S  wil l  re -
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quir e i  guesse s t o identif y a n elemen t  o f  th e sequence , 
i s derive d fro m observe d relativ e frequencie s o f  i  guesse s 
bein g required^ . 

Here ,  w e appl y thi s approac h t o th e domai n o f 
AGL.  I n th e classi c AG L paradig m (Reber ,  1967 )  S s ar e 
aske d t o memoris e a  se t  o f  string s generate d b y a  finit e 
stat e g r a m m u (se e figur e 1) .  Subsequentl y the y ar e 
abl e t o distinguis h grammatica l  (g )  string s fro m non -
grammatica l  (ng )  string s (tha t  violat e th e grammar )  a t 
abov e chanc e an d contro l  levels .  However ,  the y canno t 
easil y verbalis e th e knowledg e tha t  allow s the m t o d o 
this . 

Figur e 1 :  T h e finit e stat e g rammar ;  G  string s ar e gener -
ate d b y followin g th e path s startin g a t  # 0 ,  an d contin -
uin g unti l  on e o f  th e 3  exitin g path s i s taken ,  wit h eac h 
pat h generatin g th e lette r  tha t  label s it . 

Thi s an d relate d 'implicit '  learnin g phenomen a {e.g . 
seria l  reactio n tim e tasks ,  Lewicki ,  Hil l  &  Bizot ,  1987 ) 
hav e bee n interprete d a s evidenc e fo r  a  separate ,  uncon -
sciou s learnin g mechanism ,  operatin g independentl y o f 
awareness .  Thi s conclusio n remain s contentious ,  an d a 
recen t  revie w concludes ,  prematur e (se e Shank s &  St . 
John ,  i n press) .  Here ,  w e ar e mor e intereste d i n th e 
natur e an d mechanism s o f  knowledg e acquisitio n durin g 
AGL,  an d i n wh y S s shoul d acquir e som e type s o f  knowl -
edg e an d no t  others . 

Reber' s clai m fo r  th e AG L phenomeno n {e.g .  Reber , 
1989 )  i s tha t  durin g exposur e t o th e strings ,  S s acquir e 
a partial ,  bu t  vali d se t  o f  unconscious ,  abstrac t  rules , 
whic h the y us e t o distinguis h G  an d N G strings .  A  con -
trastin g positio n i s tha t  S s acquir e simpl e substrin g in -
formation ,  e.g .  bigra m frequenc y an d position ,  permissi -
bl e startin g an d endin g letters ,  an d us e thi s t o mak e thei r 

^Thi s assume s tha t  th e sequenc e o f  feedbac k response s i s 
independent .  I f  ther e i s sequentia l  stiucture ,  the n a  mor e effi -
cien t  codin g o f  th e sequenc e coul d b e foun d b y th e S  changin g 
thei r  guessin g strategy ,  e.g .  i f  th e sequenc e 1 ,  2 ,  1 ,  2,.. .  i s 
reliabl y obtained ,  the n a  shorte r  cod e coul d b e obtaine d i f  S s 
simpl y mad e thei r  secon d gues s first  o n odd-numbere d trials . 
I f  S s us e a n optima l  guessin g strategy ,  ther e shoul d b e n o 
sequentia l  structure .  Th e upsho t  o f  thi s i s tha t  ̂  i s  a n uppe r 
boun d o n th e entrop y o f  th e stimulus .  Additionall y th e us e 
of  observe d probabilitie s ca n b e a  poo r  metho d wit h smal l 
samples ,  althoug h her e thi s effec t  i s  probabl y negligible . 

judgements .  Tha t  S s possess ,  an d ca n verbalise ,  suc h 
knowledg e i s wel l  established .  Perruche t  an d Pactca u 
(1990 )  foun d tha t  S s coul d discriminat e wel l  betwee n 
th e bigram s (lette r  pairs )  presen t  i n th e trainin g strings , 
an d a  ne w se t  o f  bigrams ,  an d tha t  string s compose d o f 
lega l  bigram s i n a n illega l  orde r  wer e mor e likel y t o b e 
accepte d a s grammatica l  tha n string s o f  illega l  bigrams . 
Dienes ,  Broadben t  k  Berr y (1991 )  obtaine d simila r  re -
sult s usin g a  tas k whic h i s effectivel y a  restricte d versio n 
of  th e presen t  one—th e sequentia l  lette r  dependencie s 
(sld )  task .  Here ,  followin g th e standar d paradigm ,  S s 
wer e presente d wit h incomplet e stems ,  e.g .  MV... ,  an d 
aske d whic h letter s coul d occu r  i n th e nex t  position .  S s 
exhibite d knowledg e o f  bot h lega l  bigram s an d thei r  pos -
sibl e position .  A s wel l  a s bein g consciousl y accessible , 
Dienes  e i  al .  als o foun d tha t  thi s knowledg e correlate d 
wit h S s grammaticalit y judgements ,  an d bot h the y an d 
Perruche t  an d Pactea u foun d tha t  S s performanc e leve l 
on grammaticalit y judgement s coul d b e modelle d usin g 
th e bigra m an d positio n knowledg e tha t  the y ha d ex -
pressed . 

Ss clearl y d o exhibi t  som e 'abstract '  knowledg e 
(knowledg e whic h i s independen t  o f  specifi c  vocabular y 
items) ,  a s show n b y transfe r  experiment s {e.g .  Matthew s 
et  ai ,  1989 )  wher e i n th e tes t  phase ,  th e letter s o f  th e 
tes t  string s ar e replace d wit h a n entirel y differen t  set , 
but  th e dee p structur e o f  th e item s remain s th e same . 
Grammaticalit y judgemen t  performanc e remain s abov e 
chanc e an d contro l  levels . 

Rathe r  tha n focu s o n transfe r  here ,  w e concentrat e 
on validatin g th e guessin g g a m e methodology ,  a s a  wa y 
of  uncoverin g Ss '  knowledg e o f  substrings ,  lette r  transi -
tions ,  an d th e relationshi p o f  thes e t o S s grammaticalit y 
judgements . 

Method 

Design :  Th e experimenta l  grou p wa s expose d t o th e 
set  o f  learnin g string s befor e goin g o n t o perfor m th e tes t 
phase .  A  contro l  grou p performe d onl y th e tes t  phase . 

Materials :  Th e g ramma r  (se e figur e 1) ,  learnin g 
strings ,  an d tes t  string s (se e tabl e 1 )  wer e thos e use d 
by Dulan y e t  al .  (1984) .  Th e experimen t  wa s performe d 
on Macintos h Colou r  Classi c computers . 

Subjects :  Th e S s fro m th e experimenta l  ( n =  36 )  an d 
contro l  group s ( n =  10 )  wer e unpai d undergraduat e vol -
unteers ,  age d betwee n 1 9 an d 42 . 

Procedure :  Apar t  fro m th e us e o f  th e guessin g gam e 
paradigm ,  th e experimen t  wa s closel y modelle d o n tha t 
of  Dulan y e t  al .  (1984) .  Prio r  t o commencin g th e ex -
periment ,  S s wer e aske d fo r  thei r  car e an d cooperatio n 
throughou t  th e experiment ,  an d thi s reques t  wa s re -
peate d afte r  th e tes t  instructions .  Th e followin g learnin g 
instruction s wer e the n displaye d t o th e experimenta l  Ss ; 

This is a simple memory experiment. When you 
pres s th e butto n labelle d 'Start* ,  yo u wil l  se e 2 0 
item s m a d e o f  th e letter s M ,  R ,  S ,  v ,  an d X .  Th e 
item s wil l  ru n fro m thre e t o si x letter s i n length . 
Your  tas k i s t o lear n an d remembe r  a s muc h a s pos -
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Acquisitio n 
Gramm&ticml 
MSSSSV 
MSSVS 
MSV* 
MSVRX 
MSVRXM 
MVRX 
MVRXRR 
MVRXSV 
MVRXV 
MVRXVS' 
VXM 
VXRR 
VXRRM 
VXRRRR 
VXSSVS 
VXSVRX 
VXSVS 
VXVRx' 
VXVRXV' 
VXVS* 

Gr&mmatica l 
VXSSSV 
MSSSV 
MSSVRX 
MVRXVS* 
MSVRXV 
MSVRXR 
M V R XU 
VXVRXR 
MSSSVS 
VXRM 
MVS 
MSVS 
MSSV 
MVRXR 
VXRRR 
VXSV 
VXR 
vxvs ' 
MSV̂  
VXRRRM 
VXSSV 
VXV 
VXVRX̂  
VXVRXV̂ 
MVRXRM 

Test 
Non-Gr&mmatical ' 
VXRRS 
VXX 
VXRVM 
XVRXRR 
xssssv ' 
MSVV 
M M V RX 
MVRSR 
MSRVRX 
SSVS 
MSSVSR 
RVS 
MXVS 
VRRRM 
VVXRM 
VXRS 
MSRV 
VXMRXV 
MSM 
SXRRM 
MXVRXM 
MSVRSR 
SVSSXV 
XRVXV 
RRRXV 

Tabl e 1 :  Th e acquisitio n an d tes t  string s (afte r  Dulan y 
et  o/. ,  1984) .  Th e lette r  T  wa s replace d b y s ,  i n orde r 
t o eliminat e th e familia r  M T V item .  ̂ String s presen t  i n 
bot h th e acquisitio n an d tes t  sets .  ^Underlinin g indi -
cate s th e poin t  o f  grammatica l  violation .  '  Th e final V 
was accidentall y omitte d fro m thi s string ,  bu t  thi s mad e 
littl e differenc e t o th e results . 

sibl e abou t  al l  2 0 items .  I f  yo u hav e an y question s 
abou t  th e tcisk ,  pleas e as k th e Experimente r  now . 
Pres s 'Start '  whe n yo u ar e read y t o begin . 

The learnin g string s wer e displaye d fo r  1 0 minutes ,  i n 
fou r  left-justifie d column s o f  five  string s each .  Th e orde r 
of  th e string s via s randomised ,  wit h th e constrain t  tha t 
feature s o f  th e gramma r  shoul d no t  b e mad e especiall y 
salient .  Contro l  S s wer e simpl y informe d tha t  "anothe r 
grou p o f  subject s sa w item s mad e u p o f  th e letter s M , 
R,  s ,  V ,  an d X .  W e can' t  tel l  yo u wha t  the y were ,  bu t 
th e item s ra n fro m thre e t o si x letter s i n length" ,  befor e 
proceedin g t o th e tes t  phase .  Th e tes t  phas e instruction s 
ra n a s follows ,  wit h th e variatio n fo r  th e contro l  grou p 
i n parentheses ; 

The orde r  o f  letter s i n th e se t  yo u (they )  sa w wa s 
determine d b y 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  let -
ters .  N o w yo u wil l  b e presente d wit h a  se t  o f  tes t 
items .  You r  tas k i s t o gues s th e letter s i n th e tes t 
strings .  Yo u ca n indicat e you r  guesse s b y press -
in g th e butto n correspondin g t o th e lette r  tha t  yo u 
thin k come s next .  I f  you r  gues s i s incorrect ,  th e 
butto n wil l  disappear .  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 .  Ther e i s als o a  butto n labelle d 
'End '  whic h yo u ca n pres s t o indicat e tha t  th e ite m 
i t  complete .  T h e item s ar e al l  betwee n thre e an d si x 
letter s long .  Y o u shoul d tr y t o m a k e a s fe w wron g 
guesse s a s possible . 

Once yo u hav e complete d th e item ,  tw o mor e but -
ton 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 fol -
low s th e sam e 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' .  Hal f  o f  th e tes t  item s follo w th e 
rules ,  an d hal f  violat e them . 

Th e tes t  displa y initiall y  showe d a  (blank )  strin g display , 
centre d o n th e screen ,  an d belo w this ,  a  ro w o f  guessin g 
buttons ,  labelle d fro m lef t  t o right ,  M ,  R ,  S ,  V ,  X  an d 
'End' .  S s guesse d b y clickin g o n th e appropriat e but -
to n wit h th e mouse .  Followin g a  wron g gues s (i.e .  no t 
matchin g th e nex t  lette r  o f  th e curren t  item) ,  th e butto n 
disappeared .  I f  thei r  respons e wci s correct ,  the n th e let -
te r  wa s appende d t o th e strin g display ,  an d al l  th e guess -
in g button s reappeare d fo r  th e nex t  lette r  t o b e guessed . 
Durin g th e guessin g phase ,  th e strin g displa y wa s righ t 
justified ,  givin g n o indicatio n o f  th e items '  length .  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 
Weis otherwis e complet e (al l  it s  letter s ha d bee n guessed) , 
an d 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 S  responde d b y clickin g on e o f  these ,  th e tes t  displa y 
was rese t  fo r  th e nex t  item . 

Th e 2 5 G  an d 2 5 N G tes t  item s wer e eac h repeate d 
once ,  an d th e resultin g 10 0 tes t  item s presente d i n ran -
d o m order .  Du e t o th e larg e numbe r  o f  tes t  item s (an d 
consequentl y guesse s t o b e made) ,  th e tes t  too k u p t o 
an hou r  t o complete .  S s wer e permitte d a  shor t  (5-1 0 
minute )  brea k durin g th e tes t  phas e i f  the y s o wished . 

Results 

Judgements :  Analysi s o f  S s grammaticalit y judge -
ment s reveale d that ,  i n term s o f  mea n proportion s cor -
rect ,  relativ e proportion s o f  erro r  pairs ,  an d ranking s o f 
strin g difficulty ,  the y mirrore d thos e o f  earlier ,  compa -
rabl e studie s (Rebe r  &  Allen ,  1978 ;  Dulan y e t  o/. ,  1984 ; 
Dienes ,  Broadben t  &  Berr y 1991 )  suggestin g tha t  th e 
use o f  th e guessin g gam e di d no t  contaminat e perfor -
mance b y introducin g influence s absen t  i n th e origina l 
paradigm . 

The experimenta l  S s showe d n o overal l  respons e bias , 
althoug h a  fe w S s wer e notabl y bieised ,  an d ther e wa s 
a significan t  ran k correlatio n betwee n biei s (th e rati o o f 
G an d N G responses )  an d th e tota l  proportio n o f  correc t 
response s (Spearman' s p  =  —.39, p <  0.01) .  Contro l  S s 
wer e significantl y biase d toward s G  response s (mean s o f 
0.7 1 G  response s t o 0.2 9 N G f(9 )  =  4.05 ,  p  <  0.01) ,  an d 
showe d a  simila r  correlatio n ( p =  —.61, p <  0.05) . 

The proportio n o f  string s correctl y classifie d b y th e 
experimenta l  S s significantl y exceede d tha t  o f  th e con -
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Group :  Experimenta l  ( n =  36 )  Contro l  ( n =  10 ) 
Strin g RcBponse *  Mea n S.D .  Mea n S. D 
correct-correc t 
error-erro r 
error-correc t 
correct-erro r 
mean mixe d 

0.4 6 
0.2 2 
0.1 6 
0.1 6 
0.1 6 

0.1 1 
0.0 8 
0.0 7 
0.0 5 
0.0 6 

0.4 1 
0.2 8 
0.1 7 
0.1 4 
0.1 5 

0.0 7 
0.1 2 
0.0 9 
0.0 9 
0.0 9 

Tabl e 2 :  Th e m e a n proportio n o f  string s tha t  S s judge d 
correctl y o r  erroneousl y acros s bot h presentation s o f  th e 
string .  A s i n previou s studies ,  th e error-erro r  categor y 
i s significantl y highe r  tha n eithe r  o f  th e mixe d cases . 

trol s (mean s =  0.61 9 an d 0.56 6 respectively ,  <(44 )  = 
1.95 ,  p  <  0.05) .  Fo r  experimenta l  Ss ,  thi s valu e wa s 
slightl y lowe r  thaj i  th e 0.69 5 o f  comparabl e S s fro m Du -
lan y e t  al .  (1984) ,  an d th e rang e o f  values ,  0.49-0.84 , 
was wide r  tha n th e 0.63-0.7 0 foun d b y Dulan y e t  al . 
Thu s som e S s learn t  littl e o r  nothin g fro m thei r  expo -
sur e t o th e leaxnin g set ,  whils t  other s performe d a t  th e 
same leve l  ei s Rebe r  an d Allen' s (1978 )  'speciall y selecte d 
advance d . .  .students' . 

Interestingly ,  contro l  S s performanc e wa s significantl y 
greate r  tha n th e 0. 5 expecte d b y chanc e (t(9 )  =  3.78 ,  p  < 
0.005) .  Thi s surprisin g effec t  wa s eds o observe d b y Du -
lan y e t  al .  (1984) ,  whos e contro l  S s go t  0.55 5 o f  judge -
ment s correct .  However ,  neithe r  grou p showe d evidenc e 
of  significan t  improvemen t  betwee n th e first  an d secon d 
presentatio n o f  each  tes t  ite m (experimenta l  S s mean s 
wer e 0.62 1 &  0.61 7 (t(35 )  =  0.39 ,  contro l  Ss ;  0.55 2 & 
0.580 ,  t(9 )  =  1.29) . 

Bot h group s showe d a n inflate d error-effec t  a s foun d 
by Dulan y e t  al .  (1984 )  an d Diene s (1992) ,  a s show n 
i n tabl e 2 .  Th e numbe r  o f  error-erro r  judgemen t  pair s 
was greate r  tha n bot h th e error-correc t  (experimen -
ta l  Ss ;  «(35 )  =  3.28, p <  0.005 ,  contro l  Ss ;  t(9 )  = 
1.72 ,  p  =  0.059 )  an d correct-erro r  (experimenta l  Ss ; 
f(35 )  =  3.25 ,  p  <  0.005 ,  contro l  Ss ;  t(9 )  =  2.20 ,  p  <  0.05 ) 
judgemen t  pairs . 

Finally ,  Diene s (1992 )  foun d consisten t  ranking s o f 
strin g difficult y (bcise d o n th e numbe r  o f  S s wh o cor -
rectl y classifie d eac h string) .  Th e ran k correlatio n be -
twee n ou r  experimenta l  S s ranking s o f  strin g difficulty , 
an d Dienes '  TOTA L ranking s (base d o n th e combine d 
dat a fro m Dulan y e t  al .  (1984) ,  an d Dienes ,  Broad -
ben t  &  Berr y (1991)) ,  wa s no t  significan t  fo r  G  item s 
( p =  0.28, p >  0.05) ,  bu t  wa s comparabl e fo r  n g item s 
( p =  0.59, p <  0.005) .  However ,  i f  th e non-learner s (th e 
6 S s whos e judgemen t  performanc e wa s les s tha n 0.538 , 
1 standar d deviatio n belo w th e mean )  wer e excluded , 
th e correlation s ros e t o p  =  0.43 ,  p  <  0.02 5 fo r  G  item s 
an d p  =  0.63 ,  p  <  0.00 5 fo r  n g items .  For  contro l  Ss , 
onl y th e correlation s fo r  N G item s wer e significan t  (fo r  G 
items ,  p  =  0.0 9 an d fo r  N G p  =  0.45 ,  p  <  0.025) . 

Guesses :  Th e guessin g gam e provide s a  ver y ric h se t  o f 
data ,  an d w e presen t  onl y a  tin y subse t  o f  th e m a n y pos -
sibl e analyse s here .  Bot h ̂ ,  calculate d ei s i n 1 ,  an d th e 
mean numbe r  o f  guesse s pe r  lette r  (gpl )  ar e reported . 

As H  i s equivalen t  t o th e numbe r  o f  yes/n o question s re -
quire d t o identif y a n ite m (wher e eac h questio n reduce s 
th e uncertaint y b y half) ,  i t  i s  highl y correlate d (Pear -
son' s correlation s o f  0.9 5 o r  more )  wit h GPL . 

A 2  X  2  X  2  (grou p x  grammaticalit y x  presentation ) 

split-plo t  ANOVA,  o n S s meaner ,  reveale d significan t  mai n 
effect s fo r  grou p (F(l,44 )  =  5.56, p <  0.025) ,  grammat -
icalit y (F(l,44 )  =  40.63, p <  0.001) ,  an d presentatio n 
(F(l,44 )  =  20.16, p <  0.001) .  Thu s al l  S s exhibite d 
mor e knowledg e abou t  G  item s tha n N O items ,  an d ex -
perimenta l  S s (wh o too k a  mea n 2.5 1 an d 2.7 8 GP L fo r 
Q an d N O items )  exhibite d mor e knowledg e tha n con -
tro l  S s (wh o too k 2.7 5 an d 3.0 4 gpl) .  Th e improvemen t 
acros s presentations ,  whil e significant ,  wa s mino r  (ove r 
bot h groups ,  an d al l  strings ,  S s too k a  mea n 0.1 1 fewe r 
guesse s o n th e secon d presentatio n o f  eac h item .  Th e 
onl y significan t  interactio n effec t  v/a a betwee n greimmat -
icalit y an d presentatio n (F(l,44 )  =  8.13, p <  0.01) ,  S s 
improve d mor e acros s presentation s o f  G  item s tha n N G 
items .  However ,  thi s differenc e wa s als o small ,  an d sig -
nifican t  onl y for^ ,  no t  gpl . 

For  experimenta l  Ss ,  a  significan t  correlatio n wa s 
foun d betwee n th e proportio n o f  string s tha t  S s classi -
fied  correctly ,  an d th e knowledg e the y exhibite d i n thei r 
guesses ,  H ,  measure d ove r  al l  th e string s ( p =  —.54, p < 
0.05)—S s w h o wer e goo d a t  classifyin g als o tende d t o b e 
goo d a t  guessing .  Thi s i s muc h highe r  tha n th e (0.29 ) 
correlatio n foun d b y Dienes ,  Broadben t  &  Berr y (1991 ) 
usin g th e SL D task .  Again ,  contro l  S s exhibite d a  simila r 
relationshi p ( p =  - .62,p = 0.05) . 

For  n g items ,  bot h experimenta l  an d contro l  S s 
showe d a  stron g correlatio n betwee n th e ranking s o f 
strin g difficult y fo r  th e group ,  an d S s knowledg e o f  eac h 
string ,  H ,  average d ove r  th e S s i n eac h grou p ( p =  .79 ,  p  < 
0.00 5 an d p  =  .55 ,  p  <  0.00 5 respectively) .  Thu s th e 
string s tha t  S s kne w mos t  abou t  (too k fewes t  guesse s 
on )  wer e als o th e one s tha t  the y wer e mos t  likel y t o mis -
classify .  For  G  item s thi s patter n wa s no t  s o clear ,  th e 
correspondin g correlation s wer e p  =  —.22 ,  n a fo r  exper -
imenta l  Ss ,  remainin g unreliabl e whe n non-learne r  wer e 
eliminate d (a s before )  an d p  =  —.36, p <  0.0 5 fo r  con -
trols .  Th e directio n o f  thes e correlation s suggest s tha t 
th e G  string s tha t  S s kne w leas t  abou t  wer e mos t  likel y 
t o b e miscleissified . 

Discussion 

Th e guessin g gam e result s suppor t  th e findings  o f  Du -
lan y e t  al .  (1991 )  an d Perruche t  an d Pactea u (1990 )  tha t 
Ss expose d t o th e learnin g string s ca n exhibi t  consid -
erabl e knowledg e o f  th e lette r  transition s permitte d b y 
th e gramma r  (henc e thei r  highe r  knowledge ,  H ,  o f  th e G 
strings) . 

Th e stron g correlatio n betwee n S s guessin g an d judge -
ment  performanc e ca n als o b e see n a s supportin g th e 
notio n tha t  th e knowledg e expresse d i n th e guessin g 
game als o mediate s grammaticalit y judgements .  How -
ever ,  cautio n shoul d b e used ,  a s i t  i s  likel y tha t  othe r 
factor s (suc h a s differen t  S s attentio n an d motivation ) 
affec t  bot h scores ,  an d accoun t  fo r  a t  leas t  par t  o f  thi s 
relationship . 
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A mor e interestin g findin g i s tha t  fo r  N G strings ,  th e 
item s tha t  S s tak e leas t  guesse s o n (kno w mos t  about) , 
ar e th e one s the y fin d hardes t  t o classif y correctly .  Thi s 
i s consisten t  wit h S s usin g thei r  transitio n knowledg e 
and a  familiarit y heuristi c i n makin g thei r  judgements — 
string s whic h contai n unfamilia r  transition s (whic h tak e 
Ss mor e guesse s a s the y gues s th e expecte d item s first , 
and the n tr y th e les s likel y possibilities )  ar e classifie d a s 
NG.  However ,  th e failur e t o fin d thi s effec t  wit h G  string s 
i s disappointing .  Thi s ma y b e du e t o th e fac t  tha t  ou r 
Si  performanc e wa s fairl y noisy ,  bu t  i n bot h thi s an d 
othe r  unpublishe d studie s w e hav e foun d tha t  N G strings ' 
ranking s o f  difficult y ar e mor e consisten t  tha n thos e o f 
G strings . 

Our  mos t  peculia r  findin g wa s th e abov e chanc e 
judgemen t  performanc e o f  th e contro l  grou p (ti s  foun d 
by Dulan y e t  a/, ,  1984) .  W e sugges t  tha t  bot h th e guess -
in g gam e an d Dulan y e t  al.' a underlinin g tas k (wher e S s 
underlin e tha t  par t  o f  eac h strin g whic h i n thei r  vie w 
makes i t  G  o r  NO)  cause d S s t o atten d t o th e structur e 
of  th e string s mor e tha n th e standar d paradigm .  Man y 
of  ou r  contro l  S s reporte d informall y tha t  the y believe d 
tha t  onl y M an d V  coul d legall y star t  a  strin g (whic h 
i s tru e fo r  al l  G  items ,  an d 6 8 % o f  N G items) .  O f  th e 
8 string s tha t  violat e thi s rule ,  6  wer e amongs t  th e 1 0 
easies t  N G string s fo r  contro l  Ss .  Thu s b y attendin g care -
full y  t o th e structur e o f  th e tes t  strings ,  eve n contro l  S s 
appear  t o b e abl e t o lear n somethin g abou t  th e structur e 
of  th e grammar ,  an d thi s ma y largel y accoun t  fo r  thei r 
performance . 

The result s presente d her e barel y summaris e th e ric h 
set  o f  guessin g dat a tha t  thi s paradig m provides ,  an d fur -
the r  analyse s wil l  hopefull y revea l  th e degre e t o whic h 
Ss lear n th e differen t  possibl e transitions ,  an d wh y som e 
transition s ar e easie r  t o lear n tha n other s (a s appear s 
t o b e th e case) .  Additionally ,  w e hav e constructe d com -
putationa l  model s o f  th e AGL process ,  an d teste d the m 
agains t  th e guessin g gam e data .  Ou r  presen t  model s 
(whic h lear n b y reducin g th e redundanc y i n thei r  repre -
sentatio n o f  th e learnin g strings )  easil y matc h S s judge -
ment  leve l  o f  performance ,  bu t  no t  ranking s o f  difficulty , 
or  proportio n o f  error-pairs .  Th e guessin g gam e provide s 
fine-grained  dat a agains t  whic h w e ca n asses s th e succes s 
of  suc h models . 

Whils t  w e believ e tha t  th e fragmen t  knowledg e 
demonstrate d her e an d elsewher e play s a n importan t 
par t  i n agl ,  transfe r  experiment s sugges t  i t  i s  no t  th e 
whol e story ,  an d w e ar e currentl y performin g transfe r  ex -
periment s usin g th e guessin g gam e paradigm .  Dat a fro m 
curren t  an d futur e guessin g gam e studie s wil l  hopefull y 
shed ligh t  o n th e natur e o f  th e learnin g processe s in -
volved ,  an d th e knowledg e tha t  S s possess .  Finally ,  w e 
believ e tha t  th e guessin g game' s potentia l  hei s bee n lon g 
overlooked ,  an d tha t  i t  deserve s attentio n a s a  too l  no t 
onl y fo r  th e stud y o f  AGL ,  bu t  fo r  learnin g an d memor y 
researc h i n general . 

tio n wa s performe d b y th e first  author ,  Rhy s Robins , 
Carolin e Baillie ,  Carolin e Smith ,  Kare n Cockburn ,  Sea n 
P.  Cumming ,  Joe l  Levy ,  Katherin e Sutto n an d Kirst y 
Reid .  Thank s t o Zolta n Diene s wh o kindl y provide d th e 
th e TOTAL ranking s data ,  an d Do n Dulany ,  wh o advise d 
on th e tes t  condition s an d materials . 
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