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A n Ent rop y M o d e l  o f  Artificia l  G r a m m a r  Learnin g 

Emmanuel  M .  I'olho s (f.|)olhos@bangor.ac.uk ) 
Schoo l  o l  Psychology ,  V )  Colleg e Roa d 

Bangor .  LL5 7 2 D G ,  U K 

Todd M. Bailey (todd@psy.ox.ac.uk) 
Departmen t  o f  Experimenta l  Psychology ;  Sout h Park s Roa d 

Oxford ,  0 X 1 3 U D ,  U K 

Abstrac t 

We propose a model to characterize the type of knowledge 
acquire d i n Artificia l  Grammar  Learnin g (AGL) .  I n 
particular ,  w e sugges t  a  wa y t o comput e th e complexit y o f 
differen t  tes t  item s i n a n A G L task ,  relativ e t o th e trainin g 
items ,  base d o n th e notio n o f  Shanno n entropy :  Th e mor e 
predictabl e a  tes t  ite m i s fro m trainin g items ,  th e highe r  th e 
likelihoo d tha t  i t  wil l  b e selecte d a s compatibl e t o th e trainin g 
items .  Ou r  mode l  i s a n attemp t  t o formaliz e som e aspect s o f 
inductiv e inferenc e b y providin g a  quantitativ e measur e o f 
th e knowledg e abstracte d b y experience .  W e motivat e ou r 
particula r  approac h fro m researc h i n reasonin g an d 
categorization ,  wher e reductio n o f  entrop y ha s als o bee n see n 
as a  plausibl e cognitiv e objective .  Thi s ma y sugges t  tha t 
reducin g (Shannon )  uncertaint y ma y provid e a  singl e 
explanator y framewor k fo r  modelin g a s divers e aspect s o f 
cognition ,  a s learning ,  reasoning ,  an d categorization . 

Introduction 

Artificia l  Gramma r  Learnin g (hencefort h A G L ;  Reber , 

1989 ;  Redingto n &  Chater ,  1996 )  i s a n experimenta l 

paradig m t o stud y inductiv e inference .  A n artificia l  gramma r 
i s a  se t  o f  rule s tha t  ca n b e use d t o generat e sequence s o f 

symbols .  Thes e sequence s ar e labele d grammatica l  (G )  t o 

distinguis h the m fro m ungrammatica l  sequence s (NG) , 
whic h ar e sequence s tha t  violat e th e rule s o f  th e finite  stat e 
language .  Figur e 1  show s a n exampl e o f  on e suc h grammar . 

Wit h thi s se t  o f  rules ,  whil e th e strin g M S S V i s legal ,  thi s 
woul d no t  b e th e cas e fo r  strin g M M S V. 

Figur e 1 :  Thi s i s th e gramma r  use d i n Rebe r  &  Allen ,  1978 , 

as wel l  a s Potho s &  Chate r  (1998a ,  submitted) ,  whos e 

result s ar e analyze d i n thi s work . 

i 

MSSSV 

Athens- > Iflidon- > LMdon- > London- > Be * 

Figure 2: Examples of the types of stimuli used in Pothos & 

Chate r  (1998a ,  submitted) .  Lette r  string s w e r e use d i n 

Exper imen t  1 ,  arrangement s o f  shape s i n Exper imen t  2 ,  an d 

cit y sequence s i n Exper imen t  3 . 

In a typical AGL experiment the sequences of symbols 

ar e presente d a s lette r  strings ,  suc h a s M S S V o r  M S S S V 
(bu t  thes e sequence s ca n als o be ,  fo r  examp le ,  graphica l 

symbol s o r  musica l  tones ;  se e Figur e 2 ) .  Participant s ar e 

presente d wit h a  subse t  o f  th e G  string s i n a  trainin g phase , 
an d aske d t o observ e them ,  bu t  n o othe r  informatio n i s 

provide d eithe r  abou t  th e natur e o f  th e strings ,  o r  abou t  th e 
subsequen t  tes t  phase .  Afte r  training ,  the y ar e tol d tha t  th e 

string s the y s a w al l  compl ie d t o a  se t  o f  rule s an d ar e the n 

aske d t o identif y th e nove l  G  string s i n a  se t  tha t  contain s 
bot h G  an d N G ones .  A  robus t  finding  i n th e literatur e i s  tha t 

participant s ca n identif y th e n e w G  string s wit h a b o v e 

chanc e accuracy ,  whil e i n m a n y circumstance s the y ar e 
unabl e t o full y articulat e th e basi s o n wh i c h the y m a d e thei r 

decisions . 
Potho s an d Chate r  (1998 ,  submitted )  provide d result s 

indicatin g tha t  overal l  per formanc e i n A G L doe s no t  vary , 
regardles s o f  whethe r  th e stimul i  ar e lette r  string s (a s i s th e 
standar d condition) ,  e m b e d d e d shapes ,  o r  sequence s o f 

citie s tha t  correspon d t o th e route s o f  a n airlin e c o m p a n y 

(se e als o Potho s &  Bailey ,  1997 ;  Baile y &  Pothos ,  1998). ' 

'  A l tmann ,  Dienes ,  an d G o o d e (1995) ,  a s wel l  a s Whittlese a 

& Wr igh t  (1997 )  als o presen t  evidenc e tha t  A G L - t y p e o f 
learnin g i s possibl e wit h stimul i  othe r  tha n th e standar d 
A G L strings ,  bu t  thes e investigator s hav e no t  attempte d a 

direc t  compar iso n o f  per formanc e acros s th e differen t 
conditions . 
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Performanc e wa s investigate d i n terni s o f  overal l  accurac y i n 

detectin g G  strings ,  a s oppose d t o N G ones ,  an d als o 

pattern s o f  erro r  acros s th e differen t  set s th e tes t  item s coul d 

be divide d into . 

Th e fac t  tha t  performanc e doe s no t  appea r  t o b e differen t 

i n condition s a s differen t  a s th e one s use d b y Potho s & 

Chate r  (1998a ,  submitted) ,  appear s t o sugges t  tha t  th e typ e 

of  learnin g observe d wit h A G L reflect s genera l  propertie s o f 

th e learnin g proces s (tha t  is ,  propertie s tha t  d o no t  depen d 

o n th e particula r  experimenta l  forma t  use d i n differen t 

situations) .  Thus ,  th e projec t  o f  identifyin g a n adequat e 

theor y o f  h o w participant s generaliz e i n a n A G L tas k fro m 

trainin g item s t o th e tes t  one s i s a n importan t  one . 

Investigator s hav e propose d account s o f  A G L 

performanc e i n th e contex t  o f  rules ,  stimulu s fragments 

(parts) ,  o r  similarity .  Th e origina l  clai m b y Rebe r  an d hi s 

colleague s (se e Reber ,  1989 ,  fo r  a  review )  ha s bee n tha t 

participant s lear n i n trainin g somethin g o f  th e abstract ,  rul e 

structur e o f  th e finit e stat e languag e use d t o creat e th e 

stimuli .  Thi s vie w ha s bee n corroborate d b y "transfer " 

experiments ,  wher e th e symbol s use d i n trainin g wer e 

differen t  from  th e symbol s use d i n test .  However ,  on e ha s t o 

observ e tha t  th e actua l  artificia l  gramma r  use d i n differen t 

experiment s i s a n objec t  define d entirel y b y th e 

experimenter ;  ther e i s n o reaso n t o expec t  a  prior i  tha t  i t 

wil l  b e psychologicall y relevant .  I n thi s sense ,  Dulany , 

Carlson ,  &  Dewey' s (1984 )  theor y woul d appea r  mor e 

realistic .  Thes e investigator s hav e instea d argue d tha t 

participant s acquire d "correlate d grammars, "  tha t  i s  a  se t  o f 

"microrules "  whic h generall y approximate d th e tru e 

grammar ,  bu t  migh t  a t  th e sam e tim e includ e 

unrepresentativ e o r  eve n wron g rules . 

Perruche t  an d Pactea u (1990 )  aske d wha t  i s th e minima l 

typ e o f  knowledg e tha t  coul d b e use d b y participant s an d 

lea d t o th e observe d level s o f  accuracy .  The y suggeste d tha t 
al l  tha t  i s  learne d i s informatio n abou t  th e lega l  bigrams ,  tha t 

i s  whic h pair s o f  symbol s hav e bee n observe d i n th e trainin g 

item s (se e G o m e z an d Schvaneveldt ,  1994 ,  an d Johnston e & 

Shanks ,  i n press ,  fo r  a n extensio n o f  thi s approach ; 
Redingto n &  Chater ,  1996 ,  fo r  a  re-evaluatio n o f  thes e 

results) . 

Othe r  theorist s suggeste d tha t  a n importan t  facto r  i s 

similarity :  Tha t  is ,  whethe r  a  tes t  ite m i s selecte d a s G  o r  N G 
wil l  depend ,  t o som e extent ,  o n h o w simila r  i t  i s  t o trainin g 

items .  Similarit y ha s bee n operationalize d i n differen t  ways , 
fo r  example ,  a s symbo l  difference s betwee n tes t  an d trainin g 

item s (Brook s an d Vokey ,  1991) ,  o r  empiricall y compute d 

on th e basi s o f  direc t  similarit y dat a fro m participant s 

(Baile y &  Pothos ,  1998 ;  Potho s &  Bailey ,  1997) .  A  simila r 
approac h b y Knowlto n an d Squir e (1996 )  differ s i n tha t 

thes e investigator s compute d ite m similarit y i n th e contex t 

of  a n instantiatio n o f  Servan-Schreiber' s (1991 ;  se e als o 

Servan-Schreibe r  &  Anderson ,  1990 )  "chunking -

hypothesis, "  whic h i s a  genera l  theor y o f  learning ;  th e mai n 

findin g o f  previou s investigations ,  tha t  similarit y i s a n 

importan t  predicto r  o f  grammaticalit y performance ,  ha s bee n 

replicated . 

What  d o al l  th e abov e theorie s share ? Unfortunatel y ver y 

little .  Theorie s suc h a s th e abov e ca n b e use d t o mak e 

prediction s a s t o whic h item s woul d b e mor e likel y t o b e 

selecte d a s G  i n th e tes t  par t  o f  a n A G L tas k (tha t  is , 

prediction s abou t  "grammaticalit y  endorsements") .  Whil e 

th e actua l  prediction s mad e b y differen t  model s i n practic e 

ofte n correlat e ver y highl y (e.g. ,  se e Johnston e &  Shanks ,  i n 

press) ,  ther e i s littl e theoretica l  insigh t  a s t o th e exten t  t o 

whic h thes e model s ar e suppose d t o b e mutuall y exclusiv e 

(i n term s o f  representin g differen t  hypothese s abou t  learnin g 

processes )  o r  not .  Fo r  example ,  i s  th e microrule s approac h 

(Dulan y e t  al. ,  1984 )  th e sam e a s Perruche t  &  Pacteau' s 

(1990 )  bigra m proposal ? The y bot h sugges t  tha t  th e 

knowledg e acquire d i n a n A G L tas k i s o f  th e form :  I f  ther e 

i s a n M the n a  V  mus t  follow ;  althoug h ther e ar e som e 

qualifications ,  thes e theorie s woul d stil l  probabl y b e 

compatibl e i n term s o f  thei r  predictions .  However ,  on e 

theor y i s i n term s o f  rules ,  whil e th e othe r  migh t  b e mor e 

reminiscen t  o f  exempla r  model s o f  classification . 

Furthermore ,  i f  on e accept s tha t  A G L i s suppose d t o b e a 

smal l  scale ,  experimenta l  versio n o f  real-lif e learnin g task s 

(an d th e utilit y  o f  investigatin g A G L woul d b e arguabl e 

otherwise) ,  i n mos t  o f  th e abov e case s on e canno t  readil y se e 

h o w th e explanation s propose d coul d generaliz e t o othe r 

learnin g situations ,  o r  relat e t o existin g account s o f  othe r 

aspect s o f  cognition . 

M o t i v a t i o n 

Our  ai m i n thi s researc h i s t o deriv e a  mode l  o f  A G L 
performanc e fro m th e sam e computationa l  principle s tha t 

hav e bee n see n a s relevan t  i n researc h i n reasonin g an d 

categorization ,  namel y th e assumptio n tha t  uncertaint y i s 

quantifie d vi a Shanno n entrop y an d tha t  th e cognitiv e 

syste m operate s i n a  wa y t o reduc e thi s uncertainty .  Whethe r 

th e sam e principle s underli e cognitiv e performanc e i n area s 

as divers e a s reasoning ,  categorization ,  an d learnin g i s 

arguable ;  however ,  her e w e sugges t  a s a  plausibl e 

hypothesi s tha t  thes e processe s reflec t  th e same ,  basic , 

proble m o f  inductiv e inferenc e (tha t  i s  th e successfu l 

generalizatio n from  previousl y see n instance s t o futur e 

events) .  W e begi n wit h a  brie f  presentatio n o f  th e model s i n 

reasonin g an d categorizatio n tha t  motivat e th e presen t  work . 

For  severa l  year s investigator s assume d tha t  huma n 

reasonin g i s mediate d b y th e rule s o f  classica l  logi c (e.g. , 

Brain e e t  al. ,  1995 ;  Evans ,  1991) .  Th e observatio n tha t 

peopl e ofte n fal l  pre y t o a n alarmingl y larg e numbe r  o f 

logica l  an d probabilisti c  fallacies ,  an d recen t  theoretica l 

investigation s criticizin g th e appropriatenes s o f  logi c fo r 

everyda y reasonin g (Chate r  &  Oaksford ,  1993) ,  hav e le d 

theorist s t o pursu e alternativ e approaches .  Th e Waso n 

selectio n tas k i s a  simpl e proble m wher e peopl e ar e aske d t o 
examin e whethe r  a  conditiona l  rul e i s tru e o r  false ,  b y 

selectin g amon g a  se t  o f  card s (th e card s ar e labele d wit h 
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one claus e o f  th e conditional ,  an d contai n hidde n 

informatio n abou t  th e othe r  claus e o f  th e conditional) . 

Oaksfor d &  Chate r  (1994 )  sugges t  tha t  peopl e selec t  thes e 

card s tha t  minimiz e th e expecte d uncertaint y i n dcciiimf ? 

whethe r  th e rul e i s  U-u e o r  not .  Uncertaint y i s  quaniifie d 

usin g th e notio n o f  Shanno n entropy :  I f  ther e ar e A '  events , 

tha t  ca n occu r  wit h probabilit y  p „  the n th e entrop y i n tryin g 

t o gues s whic h on e wil l  actuall y occu r  i s  give n b y 
N 

entrop y =  - ^ P i  logip^) -  A s wil l  becom e clea r  i n th e 

presentation of our model of AGL performance to follow, 

we sugges t  tha t  th e item s peopl e wil l  b e selectin g a s G  i n th e 

tes t  par t  o f  a n A G L task ,  ar e th e one s tha t  ar e mos t 

predictabl e i n term s o f  th e trainin g items .  Tha t  is ,  w e predic t 

tha t  th e string s selecte d a s G  ar e th e one s tha t  minimiz e th e 

entrop y o f  specifyin g them ,  relativ e t o th e trainin g items . 

Thi s i s  a  strateg y ver y simila r  t o Oaksfor d an d Chater' s 

(1994) ,  wh o claime d tha t  peopl e selec t  thes e card s tha t 

minimiz e th e entrop y o f  selectin g th e righ t  hypothesis . 

I n categorization ,  Potho s &  Chate r  (1998b )  suggeste d a 

model  whereb y people' s classification s o n a  se t  o f  item s 
wer e suc h s o a s t o reduc e th e descriptio n lengt h (use d her e 

i n a  technica l  sense )  o f  th e item s a s muc h a s possible .  I n 
othe r  words ,  categorie s wer e see n a s a  mean s t o simplif y th e 

descriptio n o f  a  se t  o f  item s a s muc h a s possible .  Potho s 
(1998 )  illustrate d tha t  th e mathematica l  framewor k o f 

Potho s &  Chate r  (1998 )  i s  equivalen t  t o a n entrop y 

minimizatio n one :  Tha t  is ,  th e preferre d classificatio n o f  a 
set  o f  item s i s  assume d t o b e th e on e tha t  reduce s th e 

uncertaint y i n predictin g th e similarit y structur e o f  thes e 

items . 
The ver y brie f  expositio n abov e ca n onl y provid e a 

presentatio n o f  th e model s i n questio n a t  a  ver y crude , 
qualitativ e level .  A t  suc h a  level ,  i t  migh t  appea r  tha t  th e 

theoretica l  coherenc e afforde d b y term s lik e "reductio n o f 

uncertainty, "  o r  "entrop y minimization, "  i s  onl y a n artifac t 
of  th e fac t  tha t  th e mathematica l  specificatio n o f  model s 
base d o n suc h notion s i s  relativel y loose ;  s o tha t 

conceptuall y differen t  model s ca n stil l  b e instantiate d i n a 
way tha t  woul d appea r  consisten t  wit h a n entrop y 
maximizatio n process .  Thi s i s fa r  from  true .  Althoug h ther e 

can b e severa l  differen t  entrop y maximizatio n procedure s t o 

addres s th e sam e cognitiv e problem ,  suc h alternative s stil l 
need t o shar e th e sam e foundatio n ( a specifi c us e o f 
probabilities ,  quantifyin g uncertaint y i n a  certai n way ,  etc.) , 

tha t  woul d mak e the m muc h mor e similar ,  a s a  clas s o f 
models ,  compare d t o others . 

An entrop y mode l  o f  A G L 

Thi s mode l  i s a n attemp t  t o quantif y wha t  exactl y i s learne d 

i n trainin g i n a n A G L task .  I n suc h a  tas k th e tes t  item s ar e 
evaluate d i n term s o f  whethe r  the y ar e compatibl e wit h th e 

U-ainin g item s o r  not .  Wha t  ca n thi s mean ? W e sugges t  tha t 
each tes t  ite m i s give n a  complexit y measur e accordin g t o 

ho w "specifiable "  i t  i s  fro m trainin g items .  Thi s complexit y 

measur e i s  compute d b y dividin g th e ite m int o parts ,  an d 

seein g ho w "determinable "  th e continuatio n t o eac h o f  thes e 

part s ca n b e o n th e basi s o f  informatio n fro m training . 

First ,  eac h tes t  strin g i s broke n dow n int o al l  constituen t 

fragments ,  "anchored "  a t  th e beginnin g o r  en d o f  th e string . 

Lettin g symbol s "b "  an d "e "  stan d fo r  th e beginnin g an d th e 

end o f  a  string ,  tes t  strin g M S V woul d b e broke n int o [b , 

b M,  b M S ,  b M S V ]  i n th e forwar d direction ,  an d fragment s 

[e ,  Ve ,  SVe ,  M S V e ]  i n th e reverse .  W e conside r  thes e 

fragment s a s relevant ,  o n th e simpl e assumptio n tha t  symbo l 

sequence s ar e likel y t o b e parsed /  encode d b y th e cognitiv e 

syste m i n a  simpl e forwar d an d revers e direction .  Fo r  a 

give n tes t  item ,  w e as k wha t  i s  th e expecte d difficult y o f 
specifyin g a  continuation ,  give n wha t  on e ha s see n i n 

training ,  an d i n thi s wa y w e comput e th e 5-measure s fo r 

eac h fragmen t  (fo r  th e revers e chunks ,  w e as k h o w likel y a 

give n symbo l  i s  t o preced e a  particula r  fragment ;  fo r 

simplicity ,  w e us e continuatio n t o refe r  t o both ,  whe n 

discussin g genera l  propertie s o f  th e 5-measures) .  I n 

particular ,  i f  ther e ar e / V possibilitie s fo r  a  continuation ,  eac h 

occurrin g wit h a  probabilit y  p ,  from  training ,  the n th e 
entrop y associate d wit h specifyin g th e nex t  symbo l  i n th e 

N 
Strin g i s give n b y S{fragment )  =  - ^  p ^  log(/7. )  • 

1=1 
For  example ,  suppos e tha t  th e trainin g item s consis t  onl y 

of  string s M S S V,  M S S S S X,  an d M S V R V.  W h e n w e se e 
M SV i n test ,  the n t o comput e th e overal l  complexit y o f  thi s 

string ,  relativ e t o th e trainin g items ,  w e nee d t o consider , 

first ,  S(b) :  H o w har d i s i t  t o gues s wha t  th e nex t  symbo l  is , 

fo r  th e firs t  symbo l  i n a  string ,  from  training ? Al l  trainin g 
string s star t  wit h a n M ,  thus ,  w e hav e 5(b )  =  0 .  Likewise , 

5 (bM )  =  0 .  T o comput e 5 (bMS) ,  not e tha t  afte r  fragment 
b MS i n training ,  w e hav e a n " S "  continuatio n wit h a 

probabilit y  o f  2/ 3 an d a  "V "  on e (th e observe d continuatio n 
i n test )  wit h probabilit y 1/3 .  Thus ,  5 ( b M S )  woul d b e 

l/31og(l/3)-2/31og(2/3) .  Takin g a n exampl e fo r  th e revers e S 
measures ,  5(e )  woul d b e compute d b y notin g tha t  i n th e 

trainin g item s a n en d symbo l  i s  precede d b y a  V  symbo l 
wit h a  probabilit y  2/ 3 an d a n X  on e wit h probabilit y  1/3 . 

I n case s wher e ther e i s a  nove l  symbo l  i n a  tes t  item ,  o r  a 

fragmen t  no t  see n i n training ,  w e comput e 5  b y assumin g 
tha t  al l  th e possibl e symbol s ar e equiprobable .  I n th e abov e 
example ,  i f  w e ha d a  tes t  strin g Q M ,  the n forwar d 5(bQ ) 

woul d b e give n b y - S x - l o g ^ -  (w e hav e fiv e possibl e 

symbols, M, S, V, Q, and "e," and since the fragment bQ has 

not  bee n observe d i n training ,  al l  possibl e continuation s ar e 

equiprobable) .  Th e underlyin g hypothesi s i s tha t  i f  ther e i s 
no informatio n fro m trainin g abou t  a  give n sequence ,  th e 
cognitiv e syste m wil l  operat e a s i f  al l  possibl e continuation s 
wer e equiprobable . 

H o w woul d th e 5-measure s correspondin g t o th e differen t 
fragment s lea d t o a n overal l  complexit y measur e fo r  a 
string ? W e sugges t  tha t  al l  forwar d an d revers e 5-measure s 
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ar e averaged ,  an d tha t  th e resultin g numbe r  reflect s ho w 

familia r  a  give n tes t  strin g i s relativ e t o th e trainin g items . 

Withou t  goin g int o to o muc h detai l  here ,  usin g a n average , 

instea d o f  som e othe r  wa y o f  combinin g 5-measures ,  ha s th e 

advantag e tha t  th e computatio n o f  th e overal l  complexit y o f 

an ite m i s mor e balance d acros s items ,  an d als o fo r 

individua l  item s tha t  contai n a  singl e violatio n o f  regularit y 

relativ e t o th e trainin g item s (e.g. ,  i n th e abov e example , 

thin k o f  a n ite m lik e V M S V ) ,  th e effec t  o f  thi s singl e 

violatio n i s moderate d b y th e presenc e o f  regula r  fragment s 

(regula r  wit h respec t  t o th e trainin g items) . 

Invest igat io n o f  th e m o d e l 

Th e limite d expositio n o f  ou r  mode l  canno t  addres s al l  th e 

relevan t  theoretica l  issues .  I n thi s section ,  w e ai m t o 

alleviat e som e concern s b y fittin g th e mode l  t o result s fro m 

thre e A G L experiment s reporte d i n Potho s &  Chate r  (1998a , 

submitted) .  The y utilize d th e Rebe r  &  Alle n (1967 ) 

grammar  t o creat e A G L stimul i  tha t  wer e standar d lette r 

string s (Experimen t  1) ,  neste d arrangement s o f  geometri c 

shape s (Experimen t  2) ,  an d sequence s o f  citie s (Experimen t 

3) .  Th e averag e 5-measur e reflect s ho w specifiabl e eac h tes t 

ite m i s o n th e basi s o f  trainin g items .  Tha t  is ,  a  hig h S -

measur e indicate s tha t  a  particula r  strin g i s no t  "intuitive " 

relativ e t o th e trainin g items .  Thus ,  w e predicte d tha t  th e 

exten t  t o whic h differen t  tes t  item s woul d b e selecte d a s G 

woul d negativel y correlat e wit h th e averag e 5-measur e o f 

thes e items . 
Tabl e 1  show s th e correlatio n o f  th e averag e 5-measur e 

fo r  th e tes t  string s o f  th e Rebe r  an d Alle n (1967 )  grammar , 

wit h th e probabilit y  tha t  thes e string s woul d b e selecte d a s G 

i n eac h o f  th e thre e experiment s o f  Potho s &  Chate r  (1998a , 

submitted) .  Tha t  is ,  fo r  eac h o f  thes e experiments ,  w e 
average d th e tota l  numbe r  o f  time s (acros s participants )  eac h 

tes t  item s wa s selecte d a s G .  Considerin g th e lo w numbe r  o f 

participant s i n thes e studie s (te n participant s each )  compare d 

t o th e hig h numbe r  o f  endorsement s w e ar e tryin g t o predic t 

(5 0 items) ,  th e fac t  tha t  al l  th e correlation s ar e i n th e 

predicte d directio n an d highl y significan t  provide s importan t 
suppor t  fo r  ou r  model . 

Table 1: The correlation of the average 5-measure of 

individua l  tes t  item s complexity ,  wit h th e numbe r  o f  time s 

eac h tes t  ite m (5 0 tes t  items ,  i n total )  wa s selecte d a s G  i n 

th e thre e experiment s o f  Potho s &  Chate r  (1998a , 

submitted) . 

Letter s S h a p e s Citie s 

Averag e S-measure s 

Pearso n Correlatio n 

p-valu e 

-0.57 7 

0.00 0 

-0.61 3 

0.00 0 

-0.38 1 

0.00 6 

Thi s wor k i s no t  mean t  t o disconfir m an y o f  th e existin g 

models .  Ou r  objectiv e ha s bee n t o propos e a  computatio n o f 

"wha t  i s learne d i n A G L , "  i n a  wide r  theoretica l  context ,  tha t 

is ,  i n a  wa y tha t  relate s t o researc h i n othe r  area s o f 

cognition .  Tha t  is ,  w e hop e t o provid e a  mode l  o f  A G L tha t 

woul d stil l  captur e a s muc h o f  th e intuition s see n a s relevan t 

i n othe r  A G L accounts ,  whil e th e mode l  itsel f  woul d b e 

inspire d fro m mor e genera l  computationa l  principles .  I n thi s 

respect ,  findin g tha t  th e averag e 5-measur e correlate s wit h 

th e prediction s fro m othe r  model s o f  A G L performance , 

woul d provid e importan t  suppor t  fo r  ou r  approach . 

Tabl e 2  show s th e correlatio n o f  th e 5-measur e wit h 

grammaticality ,  globa l  associativ e chun k strengt h (Knowlto n 

and Squire ,  1996) ,  associativ e chun k strengt h a t  ancho r 

position s (sam e a s before ,  bu t  compute d onl y fo r  fragment s 

at  th e beginnin g o r  en d o f  a  string ,  tha t  i s  th e ancho r 

positions) ,  nove l  chun k strengt h (th e fractio n o f  nove l 

fragment s i n a  string ;  se e Meuleman s &  Va n de r  Linden , 

1997) ,  an d ancho r  nove l  chun k strengt h (sam e a s before ,  bu t 

one look s a t  th e proportio n o f  nove l  fragment s a t  th e ancho r 

positions) .  Tabl e 2  reveal s tha t  ou r  measur e correlate s ver y 

highl y wit h almos t  al l  th e abov e measures . 

Table 2: The number in each of the rows represents the 

correlatio n o f  th e Averag e 5-measur e wit h th e A G L 
performanc e measur e i n eac h row .  Th e "* "  flag s correlation s 

significan t  a t  th e 0.0 1 leve l  o r  less .  Al l  correlation s wer e 

compute d ove r  th e 5 0 tes t  item s i n th e Potho s &  Chate r 

(1998a ,  submitted) ,  work . 

Average S-measure 

grammaticalit y -.63 0 

globa l  chun k strengt h -.43 6 

ancho r  chun k strengt h -.51 5 

nove l  chun k strengt h -.37 8 

ancho r  nove l  chun k strengt h -0.02 2 

D iscuss io n a n d fu tur e directio n 

We hav e trie d t o quantif y th e amoun t  o f  informatio n tha t  i s 

availabl e i n th e tes t  par t  o n a n A G L tas k from  training .  I n 

thi s respect ,  w e propose d th e averag e 5-measur e which ,  fo r 
eac h string ,  provide s u s wit h a  numbe r  reflectin g ho w 

specifiabl e th e strin g i s (tha t  is ,  h o w easil y i t  ca n b e 

determined) ,  give n a  particula r  se t  o f  trainin g items . 

T o examin e ou r  model ,  w e compute d averag e 5-measure s 

fo r  al l  th e string s o f  th e Rebe r  an d Alle n (1978 )  gramma r 

and showe d tha t  thes e correlate d significantl y wit h 

grammaticalit y endorsement s from  thre e A G L experiment s 

reporte d b y Potho s &  Chate r  (1998a ,  submitted) .  Moreover , 

we showe d tha t  th e averag e 5-measur e capture s man y 
aspect s o f  previousl y propose d measure s o f  A G L 

performance ,  tha t  mad e differen t  assumption s abou t  wha t  i s 

learne d i n a n A G L task . 
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The underlyin g motivatio n fo r  th e presen t  wori c wa s t o 

provid e a  quantitativ e measur e o f  knowledg e acquire d i n a n 

A GL task ,  i n a  broa d theoretica l  context .  Thus ,  ou r  mode l 

can b e see n a s havin g a  foundatio n ver y simila r  t o Oaksfor d 

& Chater' s (1994 )  mode l  o f  reasonin g i n th e selectio n task , 

and Potho s &  Chater' s (1998 )  mode l  o f  categorization .  I n al l 

thes e cases ,  i t  i s  assume d tha t  reductio n i n uncertaint y 

(quantifie d vi a Shannon' s entropy )  i s th e objectiv e fo r  th e 

cognitiv e syste m i n processin g informatio n abou t  th e world . 

Furthe r  fleshin g ou t  th e forma l  relatio n betwee n suc h 

seemingl y divers e aspect s o f  cognitio n i s a n importan t  futur e 

objective . 

The averag e 5-measur e ca n b e employe d t o mode l  on-lin e 

generalization ,  tha t  i s  generalizatio n pattern s fro m individua l 

items ,  i n th e sens e tha t  th e first  ite m ca n b e use d t o comput e 

th e complexit y o f  th e secon d one ,  th e first  an d secon d 

together ,  th e complexit y o f  th e thir d one ,  an d s o forth . 

Moreover ,  on e ca n manipulat e th e "tota l  informatio n 

availabl e from  training, "  an d thu s mak e prediction s abou t 

th e overal l  leve l  o f  grammaticalit y  accurac y i n a n A G L task , 

when th e actua l  numbe r  o f  trainin g item s presente d i s alway s 
th e same .  Bot h th e abov e consideration s represen t  possibl e 

simpl e extension s o f  th e presen t  work ,  t o furthe r  tes t  th e 

psychologica l  plausibilit y  o f  th e averag e 5-measur e o f 
generalization . 
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