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Universit y o f  Oxford ;  Departmen t  o f  Experimenta l  Psycholog y 

Sout h Park s Road ,  Oxfor d 0 X 1 3 U D 
Unite d K ingdo m 
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Universit y o f  Oxford ;  Departmen t  o f  Experimenta l  Psycholog y 

Sout h Park s Road ,  Oxfor d 0 X 1 3 U D 
Unite d K ingdo m 

Abstrac t 

Artificial grammar learning provides a principled 
experimenta l  framewor k t o investigat e th e role s o f  similarit y 
and rule-inductio n mechanism s i n categor y generalisation . 
Past  attempt s t o disentangl e thes e tw o mechanism s ma y b e 
criticise d fo r  employin g insensitiv e measure s o f  similarit y 
wit h littl e theoretica l  o r  empirica l  motivation ,  fo r  failin g t o 
achiev e independen t  measure s o f  th e effect s o f  similarit y an d 
rule-inductio n components ,  and ,  wit h severa l  notabl e 
exceptions ,  fo r  confinin g stimul i  t o th e domai n o f  lette r 
strings .  Th e presen t  wor k report s o n tw o studie s o f  artificia l 
grammar  learnin g usin g a  standar d gramma r  t o arrang e neste d 
geometri c shape s (Experimen t  1 )  an d angle s betwee n 
connecte d line s (Experimen t  2) .  Grammaticalit y judgement s 
fo r  nove l  item s ar e significantl y abov e chanc e i n bot h 
experiments .  Similarit y judgement s fo r  pair s o f  stimul i  ar e 
use d a s th e basi s fo r  modellin g grammaticalit y judgements , 
usin g a n exemplar-base d mode l  o f  categorisation .  W e tes t  fo r 
independen t  contribution s o f  similarit y an d rule-inductio n 
mechanism s b y fitting  neste d regressio n models .  Similarit y i s 
significan t  i n accountin g fo r  grammaticalit y judgement s i n 
bot h experiments .  Rule-inductio n ha s a n additional , 
independen t  effec t  i n Experimen t  2 ,  bu t  no t  i n Experimen t  1 . 
We discus s th e implication s o f  thes e result s an d thei r 
relationshi p t o previou s studies . 

Introduction 

Havin g see n a  fe w instance s fro m a  give n category ,  w e 
readil y generalis e ou r  experienc e t o classif y n e w instance s 
as likel y o r  unlikel y t o b e member s o f  th e sam e category . 
Thi s sor t  o f  inductiv e inferenc e ha s bee n a  puzzl e fo r 
philosopher s an d psychologist s alike ,  i n par t  becaus e ther e i s 
no logicall y idea l  inferenc e algorith m t o us e a s a  benchmar k 
fo r  h u m a n performanc e (Goodman ,  1954 ;  Watanabe ,  1985) . 
T wo broa d classe s o f  knowledg e hav e bee n hypothesise d t o 
explai n generalisatio n behaviour :  m e m o r y o f  specifi c 
instance s o r  exemplars ,  an d summar y informatio n abstracte d 
or  compile d acros s relevan t  instance s (cf .  Brook s &  Vokey , 
1991 ;  Hahn ,  1996 ;  H a h n &  Chater ,  1998) .  Knowledg e o f 
exemplar s coul d b e generalise d b y comparin g a  n e w 
instanc e wit h m e m o r y trace s o f  previou s instances ,  an d 
classifyin g th e n e w instanc e accordin g t o it s similarit y wit h 
ol d instances .  S u m m a r y knowledge ,  o n th e othe r  hand , 
migh t  tak e th e for m o f  classificatio n rule s induce d fi-om 
previou s instance s (e.g .  a  generativ e grammar ,  o r  necessar y 

and sufficien t  condition s o n categor y membership) ,  a  singl e 
prototyp e representin g th e mos t  typica l  case ,  o r  statistica l 
profile s o f  instanc e parts .  A  fundamenta l  questio n i n 
cognitiv e psycholog y i s  whethe r  productiv e us e o f 
knowledg e involve s summar y data ,  o r  referenc e t o memorie s 
of  specifi c  instances .  Fo r  convenience ,  w e wil l  refe r  t o 
summary knowledg e a s rules ,  thoug h w e emphasis e ou r 
intentio n merel y t o contras t  a n exemplar-base d accoun t  o f 
generalisatio n wit h othe r  account s base d o n summar y dat a o f 
any sort . 

Reber  (1967 )  showe d tha t  afte r  studyin g a  se t  o f  string s 
generate d b y a n artificia l  grammar ,  participant s coul d 
discriminat e betwee n n e w sti-ing s tha t  complie d wit h th e 

rule s o f  th e gramma r  an d string s tha t  violate d thos e rules . 
Reber  suggeste d tha t  participant s wer e learnin g abou t  th e 
abstrac t  rul e structur e o f  th e gramma r  tha t  wa s use d t o 
generat e th e grammatica l  strings .  Bu t  i s a n abstrac t 
representatio n o f  th e gramma r  require d t o achiev e abov e 
chanc e performanc e o n suc h artificia l  gramma r  learnin g 
( A G L )  tasks ? Dulany ,  Carlson ,  an d D e w e y (1984 ,  1985 ) 
argue d tha t  participant s acquir e "correlate d grammars, "  tha t 
i s a  se t  o f  "microrules "  whic h approximat e 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 .  Dulan y e t  al.' s  theor y 
ca n b e see n a s a  rule-base d accoun t  o f  A G L ,  thoug h th e 
knowledg e acquire d accordin g t o thi s accoun t  i s fragmentar y 
i n nature .  Perruche t  an d Pactea u als o suggeste d tha t 
participant s acquir e fragmentary  knowledge ,  thoug h instea d 
of  microrule s Perruche t  an d Pactea u sugges t  tha t 
participant s lear n whic h bigra m fragments  occu r  i n th e 
trainin g se t  (Perruche t  &  Pacteau ,  1990 ;  Perruchet ,  1994 ; 
Perruchet ,  Gallego ,  &  Pacteau ,  1992) .  The y showe d tha t 
participant s wer e mor e likel y t o mak e error s wit h string s tha t 
containe d lega l  bigram s i n illega l  position s compare d t o 
string s tha t  containe d illega l  bigram s (thoug h c f  G o m e z & 
Schvaneveldt ,  1994 ;  Redington ,  1996) . 

Voke y an d Brook s (1992 ,  1994 ;  Brooks ,  1978 ;  Brook s & 
Vokey ,  1991 )  propose d tha t  grammaticalit y decision s ar e 
drive n no t  b y adherenc e t o th e rule-structur e o f  th e finit e 
stat e languag e employed ,  bu t  b y th e similarit y o f  a  tes t  ite m 
t o th e trainin g items .  Voke y an d Brook s measure d similarit y 
by countin g th e numbe r  o f  letter s differen t  betwee n tw o 
strings .  The y reporte d significan t  effect s o f  bot h 
grammaticalit y an d similarity ,  tha t  is ,  item s wer e mor e likel y 
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t o b e endorse d a s grammatica l  i f  the y wer e actuall y 
grammatical ,  bu t  als o i f  the y wer e mor e simila r  t o th e 

trainin g items .  Instea d o f  countin g share d letters ,  Knowlto n 
and Squir e (1996 ,  Exp.l )  assesse d similarit y b y calculatin g 
"chun k strengths "  (Servan-Schreibe r  &  Anderson ,  1990 ; 
als o Servan-Schreiber ,  1991) ,  whic h measur e 
bigram/trigra m overla p betwee n tes t  an d trainin g items . 
Knowlto n an d Squir e argue d tha t  i f  similarit y an d 
grammaticalit y ar e bot h significan t  i n predictin g 
participants '  grammaticalit y judgements ,  bot h rule-base d 
and exemplar-base d learnin g mus t  b e takin g place .  O n e 
weaknes s i n thei r  argumen t  i s tha t  thei r  measur e o f  similarit y 
i s simpl y assume d a  priori ,  no t  grounde d empiricall y i n th e 
perceptua l  similarit y o f  thei r  stimuli .  Unles s th e mode l  o f 
similarit y rest s o n firm  footing s i t  i s  a  poo r  benchmar k 

agains t  whic h t o asses s th e relativ e contribution s o f 
similarit y an d rules .  S o m e alternativ e measur e o f  similarit y 
can alway s b e devise d whic h account s fo r  granmiaticalit y 
judgement s withou t  appealin g t o additiona l  knowledg e o f 
grammatica l  rule s (cf .  Redington ,  1996) .  Redingto n (1997) , 
fo r  example ,  showe d tha t  a  singl e fragment-base d procedur e 
ca n accoun t  fo r  bot h th e similarit y an d th e grammaticalit y 
result s o f  Knowlto n an d Squir e (1996) .  Finally ,  th e 
statistica l  analysi s employe d b y Knowlto n an d Squir e doe s 
not  unambiguousl y suppor t  th e conclusio n tha t  bot h rule -
base d an d exemplar-base d learnin g too k place ,  becaus e i t 
fail s  t o unconfoun d th e partiall y  correlate d factor s o f 
similarit y an d grammaticality . 

I n thi s wor k w e asses s th e effect s o f  similarit y empiricall y 
i n term s o f  rating s o n th e item s involve d i n a n A G L task .  T o 
facilitat e compariso n wit h othe r  studies ,  ou r  stimul i  ar e 
derive d b y applyin g simpl e mapping s t o th e stimul i  use d b y 
Knowlto n an d Squir e (1996) .  Th e mapping s produc e 
abstrac t  visua l  figures,  whil e preservin g th e grammatica l 
structur e o f  th e origina l  stimuli .  Th e mov e awa y fro m lette r 
string s emphasise s th e fac t  tha t  th e typ e o f  learnin g see n i n 
A GL task s i s b y n o mean s confine d t o task s involvin g lette r 
string s (cf .  Potho s &  Chater ,  1997) .  Also ,  w e hope d tha t 
usin g abstrac t  visua l  figures  woul d provid e a  mor e natura l 
set  o f  stimul i  fo r  elicitin g similarit y judgements .  Similarit y 
rating s wer e use d t o deriv e a  spatia l  representatio n o f  thes e 
item s throug h a  multidimensiona l  scalin g ( M D S )  procedure , 
base d o n Shepard' s theor y o f  psychologica l  space s 
(Shepard ,  1980 ,  1987 ;  Nosofsky ,  1992) .  I n thi s way , 
instance s ar e encode d i n a  multidimensiona l  spac e whic h 
preserve s th e relativ e similaritie s betwee n items . 
Classificatio n performanc e i s modelle d usin g th e generalise d 
contex t  mode l  o f  categorisatio n ( G C M )  t o fit  instance s i n 
th e psychologica l  spac e t o grammaticalit y endorsement s 
(Medi n &  Schaffer ,  1978 ;  Medin ,  1986 ;  Nosofsky ,  1991 , 
1990 ,  1989 ,  1988a ,  1988b) .  Th e G C M assume s tha t  ne w 
instance s ar e classifie d dependin g o n h o w simila r  the y ar e t o 
previou s instance s o f  variou s categories . 

Our  choic e o f  th e G C M wa s motivate d b y genera l 
theoretica l  considerations .  Th e mode l  ha s provide d excellen t 
fits  i n a  variet y o f  studie s comparin g i t  wit h othe r  model s 
(Nosofsky ,  1991 ,  1990 ,  1989 ,  1988a ,  1988b) .  Also ,  sinc e 
th e G C M i s equivalen t  t o a  non-parametri c optima l 
classificatio n boundar y estimator ,  i f  similarit y t o trainin g 
item s ha d an y influenc e o n classification ,  G C M woul d b e 

abl e t o identif y  i t  (Ashb y &  Alfonso-Reese ,  1995 ;  McKinle y 
& Nosofsky ,  1995) . 

Experiment 1 

Participants 

Al l  1 6 participant s excep t  on e wer e Universit y o f  Oxfor d 
student s w h o receive d five  pound s fo r  takin g par t  i n th e 

study .  Th e experimen t  laste d fo r  approximatel y a n hou r  an d 
fiftee n minutes . 

Materials 

Th e artificia l  gramma r  wa s identica l  t o th e on e use d b y 
Knowlto n an d Squir e (1996 ;  Exp.l) ,  an d i s show n i n Figur e 
1.  Th e 2 3 trainin g string s an d 3 2 tes t  item s wer e constructe d 
by mappin g th e letter s i n Knowlto n an d Squire' s material , 
V,  X ,  J ,  an d T ,  t o a  circle ,  a  hexagon ,  a  square ,  an d a 
diamond ,  respectivel y (fo r  a n example ,  se e Figur e 2) . 
Geometri c shape s correspondin g t o late r  letter s withi n a 
strin g enclose d shape s correspondin g t o earlie r  letters . 

Figur e 1 :  Th e finite  stat e languag e (Knowlto n &  Squire , 
1996 ;  Exp.l) . 

Figur e 2 :  Sampl e stimulu s use d i n Experimen t  1 , 
correspondin g t o th e strin g V J T V T V . 

Procedure 

I n th e first  par t  o f  th e experimen t  participant s viewe d th e 
trainin g item s o n a  compute r  scree n fo r  five  second s each . 
Th e entir e se t  o f  trainin g item s wa s presente d thre e time s i n 
differen t  rando m orders . 
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Afte r  th e en d o f  th e trainin g session ,  participant s wer e 
tol d tha t  th e orde r  o f  th e geometri c figure s i n th e trainin g 
item s ha d bee n determine d b y a  comple x se t  o f  rules . 
Participant s wer e aske d t o classif y ne w item s accordin g t o 
whethe r  eac h ite m wa s consisten t  (grammatical )  o r 
inconsisten t  (ungrammatical )  wit h th e rules .  Th e tes t 
presente d th e 3 2 tes t  item s twic e i n differen t  rando m orders . 
N o feedbac k wa s provided . 

I n th e thir d par t  o f  th e study ,  participant s rate d th e 
similarit y betwee n pair s o f  stimulu s items ,  o n a  scal e fro m I 
t o 9  (Shi n &  Nosofsky ,  1992) .  Eac h tria l  involve d a  centra l 
fixation  poin t  fo r  25 0 ms ,  followe d b y on e item ,  the n 
anothe r  fixation  point ,  a  25 0 m s blank ,  an d th e secon d ite m 
i n th e pair .  Afte r  presentatio n o f  th e secon d item ,  th e rating s 
scal e appeare d o n th e screen ,  an d th e nex t  tria l  wa s initiate d 
as soo n a s a  respons e wa s given .  Item s wer e displaye d fo r 
on e an d a  hal f  seconds .  Eac h participan t  rate d a  fourt h o f  th e 
possibl e pair s o f  items .  Th e se t  o f  pair s wa s presente d twic e 
i n differen t  rando m orders ,  creatin g abou t  70 0 trial s fo r  eac h 
participan t  i n thi s par t  o f  th e study . 

Results 

On th e classificatio n test ,  participant s correctl y classifie d 

5 6 % o f  tes t  item s a s grammatica l  o r  ungrammatica l  ( M S E = 
1.54%) .  Thi s leve l  o f  performanc e i s simila r  t o previou s 
studies ,  an d i s significantl y bette r  tha n chance ,  t(15 )  =  35.9 , 
p< .0005 . 

Similarit y rating s wer e average d an d transforme d t o for m 

a singl e dissimilarit y matrix .  Multidimensiona l  scalin g wa s 

use d t o deriv e a  spatia l  representatio n o f  th e stimul i  whic h 

preserve d th e basi c structur e o f  th e dissimilarit y matrix .  Th e 

optima l  spatia l  configuratio n involve d a  3 D spac e wit h a 

Euclidea n distanc e meui c ( r  =  2 )  (cf .  Shepard ,  Romney ,  & 

Nerlove ,  1972) .  Th e stres s o f  thi s configuratio n wa s 0.18 , 

representin g a  reasonabl e fit  (zer o stres s represent s a  perfec t 

fit;  cf .  Kruskal ,  1964 ;  Krzanowski ,  1993) . 

We use d non-linea r  regressio n t o fit  item s i n th e 

psychologica l  spac e t o participants '  grammaticalit y 

endorsements ,  usin g th e G C M mode l  describe d b y 

Equation s (1-3 )  (cf .  Nosofsky ,  1989 ,  1992) .  Sinc e A G L 

tasks ,  includin g th e presen t  one ,  involv e trainin g wit h 

grammatica l  items ,  bu t  no t  wit h ungrammatica l  items . 

Equatio n (1 )  represent s a  reduce d versio n o f  th e G C M 

whic h compare s eac h ite m t o ol d item s fro m onl y a  singl e 

category . 

yeC, 

-erf ; 

< . = 

di m ni/ r 

^ ^  m i m j m 
Lm=l 

(1 ) 

(2 ) 

(3 ) 

Accordin g t o thi s model ,  th e probabilit y  tha t  a  tes t  ite m 

wil l  b e classifie d a s grammatica l  i s  determine d b y addin g u p 

th e similarit y o f  th e tes t  ite m t o eac h trainin g item . 

Similaritie s betwee n items ,  Sjj ,  ar e compute d fro m th e 

distances ,  djj ,  betwee n item s i n psychologica l  space ,  p 

distinguishe s betwee n possibl e form s o f  th e functio n relatin g 

similaritie s t o istance s (usuall y Gaussia n o r  exponential) . 

Th e fre e parameter s o f  th e mode l  ar e b ,  c  ,  an d th e 

dimensio n weights ,  Wm(whic h ar e constraine d t o su m t o I) . 

Th e bes t  fit  wa s obtaine d wit h a n exponentia l  functio n 

relatin g distanc e t o similarit y  (i.e .  / ? = ! ) ,  wit h a n R ^  valu e o f 

0.42 .  Thi s i s a  measur e o f  th e varianc e accounte d fo r  b y a 

similarity-onl y model ,  wit h n o provisio n fo r  additiona l  rule -

base d knowledge . 

The exten t  t o whic h th e G C M fit s grammaticalit y 

endorsement s reveal s h o w wel l  similarit y effect s captur e 

classificatio n performance .  Test s fo r  similarit y an d rule -

base d knowledg e proceede d i n tw o stages .  Th e first  stag e 

followe d th e analysi s o f  Knowlto n an d Squir e (1996) , 

excep t  tha t  wher e Knowlto n an d Squir e measure d similarit y 

by countin g th e numbe r  o f  bigram s an d trigram s share d 

betwee n tes t  an d trainin g items ,  w e use d GCM-derive d 

value s o f  similarity .  Grammatica l  an d ungrammatica l  tes t 

item s wer e spli t  int o high -  an d low-similarit y subsets ,  cuttin g 

at  th e media n similarit y value s o f  eac h group .  M e a n 

similarit y value s fo r  th e high -  an d low-similarit y group s 

wer e significantl y different ,  fo r  bot h grammatica l  an d fo r 

ungranmiatica l  items ,  t(I4 )  >  5.5 ,  p  <  .000 5 fo r  both .  Ther e 

was n o significan t  differenc e i n similarit y value s fo r 

grammatica l  an d ungrammatica l  item s withi n eithe r  th e hig h 

similarit y o r  th e lo w similarit y groups ,  t(14 )  <  1.9 ,  p  >  .0 5 

fo r  both .  A  two-wa y A N O V A o n grammaticalit y 

endorsemen t  rate s showe d mai n effect s o f  bot h 

grammaticality ,  F(l,15 )  =  14.88 ,  p  =  .(X)2 ,  an d similarity , 

F(l,15 )  =  30.13 ,  p  <  .0005 .  Th e interactio n ter m jus t  misse d 

significance ,  F(l,15 )  =  3.65 ,  p  =  .076 .  Thes e result s sho w 

tha t  participant s wer e mor e likel y t o endors e a n ite m a s 

grammatica l  i f  i t  wa s mor e simila r  t o trainin g items ,  bu t  als o 

i f  i t  actuall y complie d t o th e rule s o f  th e gramma r  used . 

Thes e findings  ar e i n accor d wit h existin g experimenta l 

wor k (Knowlto n &  Squire ,  1996 ;  Brook s &  Vokey ,  1991) , 

but  the y d o no t  necessaril y  mea n bot h rule-base d an d 

exemplar-base d learnin g i s takin g place .  Despit e Knowlto n 

and Squire' s effort s t o desig n stimul i  i n whic h 

grammaticalit y an d similarit y ar e dissociated ,  ther e remain s 

a smal l  correlatio n betwee n similarit y an d granunaticality . 

Thi s correlatio n confound s th e interpretatio n o f  th e A N O V A 

results ,  eve n thoug h th e correlatio n betwee n similarit y an d 

grammaticalit y i s non-significant ,  0.25 ,  p  >  .15 .  W h a t  w e 

reall y wan t  t o kno w is ,  give n th e G C M mode l  o f  similarity , 

i s  ther e an y evidenc e tha t  participant s als o employe d som e 

othe r  knowledg e whe n makin g grammaticalit y judgements ? 

T o tes t  whethe r  ther e wer e effect s o f  grammaticalit y tha t 

coul d no t  b e accounte d fo r  b y similarit y an d vic e versa ,  w e 

ra n severa l  regressio n analyse s wit h grammaticalit y 
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endorsement s a s th e dependen t  variable .  Similarit y wa s 

modelle d b y th e G C M mode l  above ,  whic h include d fou r 

parameter s {b ,  c ,  an d tw o dimensio n weights) .  Rule-base d 

knowledg e o f  grammaticalit y wa s modelle d wit h a  simpl e 

additiv e ter m indicatin g whethe r  eac h ite m reall y wa s o r  wa s 

not  grammatical .  Regression s minimise d R^ .  Comparison s 

betwee n model s ar e base d o n F-chang e statistic s (Howell , 

1996) . 

Tabl e 1  present s statistic s fo r  regressio n model s involvin g 

similarity ,  grammaticality ,  o r  both ,  an d als o present s 

statistic s fo r  comparison s betwee n neste d models .  Thes e 

comparison s tes t  whethe r  th e additio n o f  a  facto r  make s a 

significan t  improvemen t  t o a  simple r  model .  Th e mai n 

finding  i s tha t  grammaticalit y contribute s nothin g ove r  an d 

abov e th e contributio n o f  similarity ,  bu t  th e revers e i s no t 

true .  Th e simples t  interpretatio n i s tha t  grammaticalit y 

judgement s i n thi s stud y wer e base d o n th e similarit y o f  tes t 

item s t o trainin g items ,  an d tha t  participant s extracte d n o 

additiona l  knowledg e o f  th e abstrac t  gramma r  underlyin g 

th e trainin g stimuli .  Th e failur e t o confir m a n independen t 

contributio n o f  grammaticalit y i n th e regressio n analysi s 

highlight s a  shortcomin g o f  th e mor e usua l  A N O V A 

analysis ,  whic h fail s t o unconfoun d factor s whic h ar e 

partiall y  correlate d (cf .  Bogartz ,  Shinskey ,  &  Speaker , 

1997) . 

Experiment 2 

Participants 

Sixtee n Universit y o f  Oxfor d student s too k par t  i n th e study . 

Materials 

The artificia l  gramma r  wa s identica l  t o th e on e use d i n 
Experimen t  1 ,  bu t  her e th e trainin g an d tes t  string s wer e 
mapped t o angle s betwee n connecte d line s t o produc e 
stimul i  lik e tha t  show n i n Figur e 3 .  Th e letter s i n Knowlto n 
and Squire' s material ,  V X J T ,  wer e identifie d wit h th e angle s 

Table 1: Regression Analysis for Variables Predicting 
Grammaticalit y Endorsement s i n Experimen t  I . 

Model(s ) 

Si m Onl y 

Gra m Onl y 

Si m +  Gra m 

Gra m +  Si m 

R' 

0.4 2 

0 .1 0 

0.4 4 

0.4 4 

df  R'-C h 

4 0.4 2 
2 0.1 0 
5 0.0 2 
5 0.3 4 

df-C h 

3 
1 
1 
3 

F-C h 

6.2 5 
3.0 5 
0.7 9 
5.0 1 

p-C h 

. 0 0 2 * 

.0 9 

.3 8 

.0 1 * 

Ch statistic s fo r  simpl e model s reflec t  improvemen t 
ove r  th e nul l  mode l  wit h a  singl e paramete r  fo r  mea n 
endorsemen t  rate .  C h statistic s fo r  combine d model s 
reflec t  th e improvemen t  achieve d b y addin g a  secon d 
facto r  t o a  simple r  mode l  includin g onl y th e first  factor . 

* A significant p-ch value means the more complex 
model  i s  significantl y bette r  tha n th e simple r  model . 

75° ,  150° ,  225° ,  an d 300° ,  respectively .  Unlik e previou s 

A GL studies ,  th e visua l  part s o f  thes e stimulu s item s wer e 

context-dependent ,  i n tha t  th e angl e o f  eac h lin e segmen t 
was determine d relativ e t o th e angl e o f  th e previou s 

segment . 

Figur e 3 :  Sampl e stimulu s fo r  Experimen t  2 , 
correspondin g t o th e strin g VXJTJ . 

Procedure 

Th e procedur e wa s identica l  t o tha t  o f  Experimen t  1  excep t 
tha t  th e instruction s wer e modifie d a s appropriat e fo r  th e 
differen t  stimuli .  Also ,  ther e wa s n o centra l  fixation  poin t 
betwee n stimuli . 

Results 

Analysi s proceede d a s i n Experimen t  1 .  O n th e classificatio n 
test ,  participant s correctl y classifie d 55 .29 % o f  tes t  item s a s 
grammatica l  o r  ungrammatica l  ( M S E =  1.57%) ,  whic h i s 
significantl y bette r  tha n chanc e performance ,  t(15 )  =  35.2 ,  p 
< .0005 .  Th e leve l  o f  performanc e o n Experimen t  2  wa s no t 
differen t  fro m tha t  fo r  Experimen t  1 ,  t(30 )  =  0.3 ,  p  >  .75 . 

Th e bes t  fit  fo r  th e G C M wa s obtaine d wit h a  cit y bloc k 

distanc e metri c an d a n exponentia l  functio n relatin g distanc e 

t o similarity .  Thi s combinatio n o f  parameter s produce d a n 

M DS stres s valu e o f  0.2 0 an d a  G C M R ^  valu e o f  0.55 . 

Again ,  grammatica l  an d ungrammatica l  tes t  item s wer e 

spli t  a t  th e media n G C M similarit y value s withi n eac h 

group .  M e a n similarit y value s fo r  th e high -  an d low -

similarit y group s wer e significantl y different ,  fo r  bot h 

grammatica l  an d fo r  ungrammatica l  items ,  t(14 )  >  4.5 ,  p  < 

.000 5 fo r  both .  Ther e wa s n o significan t  differenc e betwee n 

grammatica l  an d ungranraiatica l  item s withi n eithe r  th e hig h 

similarit y o r  th e lo w similarit y group ,  t(14 )  <  0.9 ,  p  >  .3 5 fo r 

both .  A  two-wa y A N O V A o n grammaticalit y endorsemen t 

rate s showe d mai n effect s o f  bot h grammaticality ,  F(l,15 )  = 

11.5 ,  p  <  .005 ,  an d similarity ,  F(l,15 )  =  104 ,  p  <  .0005 . 

Ther e wa s n o significan t  interaction ,  F(l,15 )  =  1.45 ,  p  = 

.248 .  A s i n Experimen t  1 ,  participant s wer e mor e likel y t o 

endors e a n ite m a s grammatica l  i f  i t  wa s mor e simila r  t o 

trainin g items ,  bu t  als o i f  i t  actuall y complie d t o th e rule s o f 

th e gramma r  used . 
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Regressio n model s wer e fit  t o grammaticalit y 

endorsement s rate s t o tes t  whethe r  ther e wer e effect s o f 

gran\maticalit y  tha t  coul d no t  b e accounte d fo r  b y similarit y 

and vic e versa .  Regressio n result s ar e summarise d i n Tabl e 

2.  I n thi s study ,  unlik e Experimen t  1 ,  similarit y o n it s ow n 

does no t  accoun t  fo r  grammaticalit y judgements .  Th e bes t 

model  include s bot h similarit y an d grammaticality ,  an d 

remova l  o f  eithe r  facto r  result s i n a  significantl y wors e 

model .  Th e significanc e o f  bot h factor s suggest s tha t 

grammaticalit y endorsement s wer e base d o n a  combinatio n 

of  similarit y t o trainin g item s an d som e othe r  rule-base d 

knowledg e extracte d fro m th e trainin g items .  Alternatively , 

i t  i s  alway s possibl e tha t  grammaticalit y judgement s wer e 

base d o n som e othe r  (unknown )  singl e knowledg e 

representatio n whic h i s partiall y  correlate d wit h bot h G C M 

similarit y an d wit h actua l  grammaticality ,  bu t  thi s hypothesi s 

can b e evaluate d onl y wit h respec t  t o a  particula r  theor y o f 

what  tha t  knowledg e representatio n migh t  be . 

Discussion 

Classificatio n o f  nove l  item s i n tw o studie s wa s largel y 
predictabl e o n th e basi s o f  similarit y betwee n tes t  an d 
trainin g items .  W e employe d a n independently-motivate d 
exempla r  mode l  o f  categorisatio n i n conjunctio n wit h 
empiricci l  similarit y data ,  avoidin g criticism s levelle d a t  a d 
hoc model s o f  similarity .  I n Experimen t  2 ,  bu t  no t  i n 
Experimen t  1 ,  similarit y alon e wa s no t  sufficien t  t o accoun t 
fo r  generalisatio n performance .  Thi s suggest s eithe r  tha t 
sununar y knowledg e (e.g .  rules )  play s a  rol e i n som e 
generalisatio n task s bu t  no t  i n others .  Th e finding  o f 
independen t  effect s o f  bot h similarit y an d grammaticalit y i n 
Experimen t  2 ,  i n a n analysi s whic h statisticall y unconfound s 
th e tw o factors ,  confirm s a  rule-base d componen t  o f 
knowledg e underlyin g generalisatio n i n a t  leas t  som e A G L 
tasks .  Ou r  tw o studie s wer e identica l  excep t  fo r  th e visua l 
for m o f  th e stimuli ,  suggestin g tha t  th e relativ e contribution s 
of  similarit y an d rule-base d knowledg e ca n var y wit h 
specifi c  stimulu s attributes . 

The failur e i n Experimen t  1  t o find  independen t  effect s o f 
grammaticalit y ove r  an d abov e th e effec t  accounte d fo r  b y 
similarit y highlight s a  shortcomin g o f  A N O V A.  Conclusion s 
of  previou s studie s finding  mai n effect s o f  bot h similarit y 
and grammaticalit y ar e confounde d b y non-zer o correlation s 
betwee n th e tw o factors .  Thi s confoun d wa s avoide d i n ou r 
analysi s b y comparin g neste d regressio n model s i n orde r  t o 

Tabl e 2 :  Regressio n Analysi s fo r  Variable s Predictin g 
Grammaticalit y Endorsement s i n Experimen t  2 . 

Model(s) R' df R'-Ch df-Ch F-Ch fch 

SimOnl y 0.5 9 4  0.5 9 3  12.6 6 .000 * 

Gra m Onl y 0.0 8 2  0.0 8 1  2.4 0 .1 3 

Si m +  Gra m 0.7 0 5  0.1 0 1  8.4 2 .008 * 

Gram-i-Si m 0.7 0 5  0.6 2 3  16.9 1 .000 * 

See legen d fo r  Tabl e 1 . 

tes t  effect s o f  on e facto r  ove r  an d abov e effect s accounte d 
fo r  b y th e othe r  factor . 
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