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A b s tra c t

IMPLICIT AND EXPLICIT LEARNING OP ARTIFICIAL
LANGUAGES: LEARNING PROCESSES IN RULE APPRE­
HENSION OP COMPLEX, STRUCTURED, PATTERN SEQUENCES

by

SEIMA LEWIS

A dv ise r :  P r o f e s s o r  A rth u r  S. Reber

I n t e r e s t  i n  complex human l e a r n in g ,  o r  more s p e c i f i c a l l y ,  

th e  l e a r n in g  p r o c e s s  in v o lv e d  i n  r u l e  a p p re h e n s io n  o f  s t r u c ­

tu r e d  p a t t e r n  sequences  has  been g r e a t l y  s t im u la te d  i n  r e c e n t  

y e a r s  by dev e lopm en ts  i n  l i n g u i s t i c s  and p s y c h o l i n g u i s t i c s ,  

stemming from  th e  work o f  Chomsky and M i l l e r .  A number o f  

s t u d i e s  have examined th e  a c q u i s i t i o n  o f  a r t i f i c i a l  lan gu ages  

i n  a t t e m p t in g  to  e x p lo r e  th e  u n d e r ly in g  c o g n i t i v e  p r o c e s s e s

used i n  l e a r n in g  complex r u l e  sy s te m s .

A th e o ry  o f  i m p l i c i t  l e a r n in g  h as  been  p ropo sed  by Reber 

to  acc o u n t  f o r  th e  f a c t  t h a t  Ss can l e a r n  t o  respond  a p p ro ­

p r i a t e l y  t o  complex, h ig h ly  s t r u c t u r e d  s t in w lu s  en v iro n m en ts  

w i th o u t  b e in g  e x p l i c i t l y  aware o f  th e  r u l e  system  th e y  a r e

u s i n g .  U t i l i z i n g  f i n i t e  s t a t e  grammars a s  th e  e x p e r im e n ta l

t o o l ,  th e  r e s u l t s  o f  s e v e r a l  s t u d i e s  have shown t h a t  Ss do 

d ev e lop  a t  l e a s t  a p a r t i a l  r e p r e s e n t a t i o n  o f  th e  u n d e r ly in g  

a b s t r a c t  s t r u c t u r e  even though th ey  may n o t  be a b le  to  e x ­

p l i c i t l y  v e r b a l i z e  th e  r u l e s  o f  fo rm a t io n .  However, th e  

l e v e l  o f  p e rfo rm an ce  ach iev e d  by th e  Ss d id  n o t  seem t o  

a c c u r a t e l y  r e f l e c t  th e  l e v e l s  a t t a i n e d  i n  n o n - la b o r a to r y



3

s i t u a t i o n s  such  a s  a c q u i s i t i o n  o f  lan g u a g e ,  l e a r n in g  complex 

games, s o c i a l  i n t e r a c t i o n s  i n  s t r u c t u r e d  s i t u a t i o n s ,  e t c .

Hie q u e s t io n  o f  how Ss would l e a r n  th e  u n d e r ly in g  

s t r u c t u r e  o f  an  a r t i f i c i a l  language  most e f f i c i e n t l y  was th e  

fo c u s  o f  t h i s  s tu d y .  H e re to fo re  i m p l i c i t  l e a r n in g  e x p e r i ­

m ents had been  c a r e f u l l y  d e s ig n e d  and c o n t r o l l e d  so  a s  to  

m in im ize  th e  o p p o r tu n i ty  f o r  Ss to  u se  e x p l i c i t  a c q u i s i t i o n  

s t r a t e g i e s  such  a s  h y p o th e s is  t e s t i n g .  That i s ,  Ss were 

g iv e n  n e u t r a l  i n s t r u c t i o n s  and g ram m atica l  s u b s e t s  o f  a p a r ­

t i c u l a r  s y n t h e t i c  language  were th en  p r e s e n te d  a s  th e  l e a r n ­

in g  s t i m u l i .  I t  i s  im p o r ta n t  t o  no te  t h a t  th e  a b s t r a c t  

s t r u c t u r e  o f  th e  typ e  o f  f i n i t e  s t a t e  grammars used  i s  to o  

complex to  be f u l l y  apprehended  by Ss th ro u g h  i m p l i c i t  

r e p r e s e n t a t i o n  a lo n e .

In  th e  p r e s e n t  e x p e r im e n t ,  e x p l i c i t  i n f o r m a t io n  a b o u t  

th e  grammar was p ro v id ed  d u r in g  the  t r a i n i n g  p e r io d  t o  e x ­

p l o r e  th e  r e s u l t i n g  i n t e r a c t i o n  betw een e x p l i c i t  and i m p l i c i t  

p r o c e s s e s  i n  th e  a p p re h e n s io n  o f  th e  r u l e  sy s tem . S u b je c ts  

i n  th e  t h r e e  e x p e r im e n ta l  g roups were g iv e n  e x p l i c i t  i n f o r ­

m a tio n  r e g a r d in g  th e  s t r u c t u r a l  r e l a t i o n s h i p  betw een th e  

symbols o f  th e  language  ( s y n ta x )  e i t h e r  b e f o r e ,  d u r in g  o r  

a f t e r  th e  p r e s e n t a t i o n  o f  a s e t  o f  g ram m atica l  e x e m p la rs .  Two 

c o n t r o l  g roups were u s e d ,  one which r e c e iv e d  on ly  th e  e x p l i c i t  

e x p la n a t io n  and th e  o t h e r  o n ly  th e  o p p o r tu n i ty  to  o b se rv e  the  

s u b s e t s  o f  g ram m atica l  s t r i n g s .  Knowledge o f  th e  r u l e  sys tem  

was t e s t e d  by r e q u i r i n g  Ss to  d e te rm in e  th e  g ram m atica11t y  o f



a s e t  o f  nove l symbol s t r i n g s ,  one h a l f  o f  which v i o l a t e d  

th e  r u l e s  o f  th e  grammar.

The r e s u l t s  showed t h a t  f o r  t h i s  type  o f  s y n t h e t i c  

language  a c q u i s i t i o n ,  th e  b e s t  b lend  o f  i m p l i c i t  and e x ­

p l i c i t  p r o c e s s e s  was ach iev ed  by th e  group g iv en  th e  e x ­

p l i c i t  e x p la n a t io n  o f  th e  grammar b e fo re  th e  p r e s e n t a t i o n  

o f  th e  g ram m atica l  e x em p la rs .  The i n t r o d u c t i o n  o f  th e  

e x p la n a t io n  o f  th e  a c t u a l  grammar a f t e r  Ss had been  

exposed  to  th e  f u l l  s e t  o f  exem pla rs  had a s i g n i f i c a n t  

d i s r u p t i v e  e f f e c t .  F i n a l l y ,  th e  d i s r u p t i v e  e f f e c t  was 

somewhat l e s s  i f  th e  e x p la n a t io n  was in t ro d u c e d  i n  the  

m iddle  o f  th e  l e a r n in g  p h a s e .  Note, however, t h a t  a l l  

t h r e e  e x p e r im e n ta l  g roups perfo rm ed  s i g n i f i c a n t l y  b e t t e r  

th a n  e i t h e r  c o n t r o l  g roup , i n d i c a t i n g  t h a t  a b len d  o f  im­

p l i c i t  and e x p l i c i t  p r o c e s s e s  i s  a more e f f e c t i v e  te c h n iq u e  

th a n  e i t h e r  one a lo n e .

Response l a t e n c i e s  showed t h a t  Ss u s in g  an I m p l i c i t  

r e sp o n se  mode had s h o r t e r  re sp o n se  t im e s ,  im p ly in g  an 

o v e r a l l  s c an n in g  o f  th e  t o t a l  p a t t e r n  w hereas Ss i n  an 

e x p l i c i t  r e sp o n se  mode showed lo n g e r  l a t e n c i e s ,  im p ly in g  

an  a t t e m p t  to  r e c o n s t r u c t  e x p l i c i t  g ram m atica l  r u l e s  b e fo r e  

r e s p o n d in g .  Response l a t e n c i e s ,  t h u s ,  were a r e a s o n a b ly  

s e n s i t i v e  m easure o f  re s p o n se  mode a l th o u g h  th ey  d id  n o t  

c o r r e l a t e  w i th  S s ' a c c u ra c y :  th e  i m p l i c i t - o n l y  group w ith  

th e  p o o r e s t  r a t e  o f  a s s e s s in g  g ra m m a t ic a l i ty  a l s o  3howed 

th e  s h o r t e s t  re s p o n se  t im e s .



The f in d in g s  from th e  s tu d y  su g g e s t  m o d i f i c a t io n s  i n  

th e  d e v e lo p in g  th e o ry  o f  i m p l i c i t  l e a r n i n g .  S p e c i f i c a l l y ,  

g iv e n  th e  c o m p lex i ty  o f  th e  s t r u c t u r e s  u se d ,  i t  a p p e a rs  a s  

i f  e f f i c i e n t  a b s t r a c t i o n  o f  th e  u n d e r ly in g  r u l e  sy s tem  can  

be maximized i f  th e  r u l e s  which d e f in e  th e  system  a r e  made 

s a l i e n t  d u r in g  s t im u lu s  p r e s e n t a t i o n .  P o s s ib le  p ro c e d u re s  

may in c lu d e  r e i n s t a t i n g  a c r i t e r i o n  d u r in g  th e  l e a r n in g  

p h a s e ,  su p p ly in g  Ss w ith  fe e d b a c k  o r  a r r a n g in g  th e  s t im u lu s  

a r r a y  a c c o rd in g  to  g ram m atica l  ty p e .  Even more im p o r t a n t ly ,  

th e  p rob lem  i n  such complex l e a r n in g  c l e a r l y  a p p e a rs  to  be 

one o f  engag ing  b o th  i m p l i c i t  and e x p l i c i t  p r o c e s s e s .  In  

g e n e r a l ,  th e  mode o f  s t im u lu s  p r e s e n t a t i o n  i s  p e r t i n e n t  to  

th e  Ss* engag ing  th e  i m p l i c i t  p r o c e s s e s ,  w h ile  th e  i n s t r u c ­

t i o n a l  s e t  v a r i a b l e ,  whereby Ss a re  in form ed a b o u t  th e  

n a tu r e  o f  th e  s t im u lu s  a r r a y ,  i s  p e r t i n e n t  to  th e  engag ing  

o f  e x p l i c i t  p r o c e s s e s .  Thus, b o th  seem to  be key f a c t o r s  

i n  p r o v id in g  th e  b o u n d a r ie s  f o r  a c t i v e  engagement o f  th e s e  

l e a r n i n g  p r o c e s s e s .  A fo rm a l p r e s e n t a t i o n  o f  i m p l i c i t  

l e a r n i n g  th e o ry  shou ld  f u r t h e r  c l a r i f y  th e  n a tu r e  and 

d i r e c t i o n  o f  f u t u r e  r e s e a r c h  i n  t h i s  a r e a .
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INTRODUCTION

I n t e r e s t  i n  complex human l e a r n in g  h as  been  g r e a t l y  

s t im u la te d  i n  r e c e n t  y e a r s  by developm ents  i n  l i n g u i s t i c s  

and p s y c h o l i n g u i s t i c s ,  stemming from  th e  work o f  Chomsky 

and M i l l e r  (Chomsky, 1957# 1965; M i l le r  and Chomsky, 1963* 

M i l l e r ,  1967). The developm ent o f  a t r a n s f o r m a t i o n a l ,  

g e n e r a t i v e  model o f  grammar h as  se rv e d  to  r e f o c u s  a t t e n t i o n  

on th e  i m p l i c i t  a s p e c t s  o f  language  a c q u i s i t i o n .  That i s ,  

th e  r e c o g n i t i o n  and p r o d u c t io n  o f  g ram m atica l  s e n te n c e s  i s  

a p p a r e n t ly  l e a rn e d  w i th o u t  e x p l i c i t  a w a re n e ss ,  a t  l e a s t  

i n i t i a l l y ,  o f  th e  sys tem  o f  r u l e s  o r  u n d e r ly in g  g ram m atica l  

s t r u c t u r e  o f  a p a r t i c u l a r  la n g u a g e .  O ther i n s t a n c e s  o f  an 

i m p l i c i t  component i n  complex r u l e  l e a r n in g  have been  no ted  

by s e v e r a l  i n v e s t i g a t o r s  (Gibson and Gibson, 1955; M i l l e r ,  

1958; R eber, 1 9 6 7 , 1 9 6 9 ; P oss ,  1968; Smith and B ra in e ,  i n  

p r e s s ) .

The q u e s t io n  o f  how humans d e a l  w i th  complex system s 

such  a s  la n g u a g e s ,  w h i le  new i n  America w i th  Noam Chomsky, 

i s  n o t  a new ap p ro ach  (B lum enthal, 1970). One o f  th e  t r a ­

d i t i o n s  i n  l i n g u i s t i c s  d u r in g  th e  n i n e t e e n t h  c e n tu r y ,  p a r ­

t i c u l a r l y  among German p h i lo s o p h e r s  such a s  Humboldt, 

encompassed a more h o l i s t i c  a p p ro a ch , i n c lu d in g  such 

m e n t a l i s t i c  c o n c e p ts  a s  i n t u i t i o n ,  I n n a te  p r o p e r t i e s  and a 

p r i o r i  m en ta l  p r i n c i p l e s .  W undt's  c o n t r i b u t i o n s  i n  t h i s  

a r e a  r e p r e s e n te d  th e  c u lm in a t io n  o f  work i n  t h i s  t r a d i t i o n .
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While h i s  g o a l  was " to  g iv e  e x p l i c i t  c h a r a c t e r i z a t i o n  o f  th e  

p r i n c i p l e s  t h a t  govern  th e  f u n c t i o n in g  o f  c o g n i t i o n  i n  

humans", he f e l t  t h a t  th e  s tu d y  o f  language  would o f f e r  th e  

b e s t  means t o  a c h ie v e  such  u n d e r s t a n d in g .

For Wundt, language  a c q u i s i t i o n  was seen  a s  a p r o ­

g r e s s i v e  d i f f e r e n t i a t i o n  o f  a p r i m i t i v e  w hole . He u sed  th e  

c o n c e p t  o f  a p p e r c e p t io n  i n  a manner somewhat a k in  t o  th e  

c u r r e n t  u se  o f " p e r c e p t u a l " ,  d e s c r i b i n g  " th e  s e l e c t i n g  and 

s t r u c t u r i n g  o f  i n t e r n a l l y  d i r e c t e d  e x p e r i e n c e " .  For him, 

a s  w i th  o t h e r s ,  th e  se n te n c e  was c o n s id e re d  to  be th e  b a s ic  

u n i t  o f  s e q u e n t i a l l y  o rd e re d  speech  and r e p r e s e n t a t i v e  o f  

more g e n e r a l  c o g n i t i v e  p r o c e s s e s .

However, by th e  e a r l y  1 9 0 0 's  b e h a v io r ism  had become 

dom inant i n  America and i n t e r e s t  i n  c l a s s i c a l  c o g n i t i v e  p s y ­

cho logy  d e c l i n e d .  I t  was n o t  u n t i l  th e  e a r l y  1 9 5 0 's  t h a t  

a t t e n t i o n  was a g a in  d i r e c t e d  tow ard a more h o l i s t i c  c o n ce p t  

o f  human c o g n i t i v e  p r o c e s s e s  th ro u g h  th e  advances  i n  l i n ­

g u i s t i c  th e o r y  and a more s o p h i s t i c a t e d  c o g n i t i v e  psycho logy  

began  to  em erge. P s y c h o lo g is t s  concerned  w i th  lan g u ag e ,  

p a r t i c u l a r l y  George M i l l e r ,  began e x p e r im e n ta l  i n v e s t i g a ­

t i o n s  o f  th e  p s y c h o lo g ic a l  i m p l i c a t i o n s  o f  l i n q u i s t i c  th e o r y .  

For b o th  M i l l e r  and Chomsky, a s  f o r  Wundt, language  was 

governed  by a b s t r a c t  c o g n i t i v e  s t r u c t u r e s .  Uiey chose  sy n ­

t a c t i c  s t r u c t u r e  a s  th e  v a r i a b l e  t o  e x p lo r e ;  M i l l e r  f e l t  t h a t  

s t u d i e s  i n  t h i s  a re a  would be an  im p o r ta n t  c o n t r i b u t i o n  to  

p sy c h o lo g y .
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More r e c e n t l y ,  a th e o ry  o f  i m p l i c i t  l e a r n in g  h as  been 

p ro p o se d  by Reber t o  acc o u n t  f o r  th e  f a c t  t h a t  Ss can  l e a r n  

t o  respond  a p p r o p r i a t e l y  to  complex, h ig h ly  s t r u c t u r e d  s t i ­

m uli  i n  th e  env ironm ent w i th o u t  b e in g  e x p l i c i t l y  aware o f  

th e  e x a c t  n a tu r e  o f  th e  r u l e s  system  t h a t  th ey  a r e  u s in g .

No d i r e c t  ana log ue  t o  language  a c q u i s i t i o n  i s  assum ed.

R a th e r ,  th e  em phasis  i s  on th e  l e a r n in g  p r o c e s s  whereby an 

u n d e r ly in g  a b s t r a c t  s t r u c t u r e  i s  a c q u i re d  even  though  the  

r u l e s  o f  f o rm u la t io n  c a n n o t  be e x p l i c i t l y  v e r b a l i z e d  by th e  

u s e r .  Q u es t io n s  such  a 3 "what i s  le a rn e d "  and "how i t  i s  

l e a rn e d "  a r e  some o f  th e  c u r r e n t  i s s u e s  t h a t  have been 

r a i s e d .

The p r e s e n t  s tu d y  i s  concerned  w i th  th e  l e a r n in g  

p r o c e s s e s  in v o lv e d  i n  r u l e  a p p re h e n s io n  o f  s t r u c t u r e d  p a t t e r n  

sequences  i n  an i n v e s t i g a t i o n  o f  a r t i f i c i a l  language  a c q u i s i ­

t i o n .  An a r t i f i c i a l  language  may o f f e r  b o th  a s y n t a c t i c  and 

sym bolic  component t h a t  can  be m a n ip u la te d .  Hie s y n t a c t i c  

a s p e c t  o f f e r s  an a b s t r a c t  s t r u c t u r e  t h a t  p ro v id e s  a w e l l -  

d e f in e d  s e t  o f  r u l e s  f o r  symbol m a n ip u la t io n .  The sym bolic 

a s p e c t  o f f e r s  a w e l l - d e f in e d  s e t  o f  symbols t h a t  a r e  a s s ig n e d  

t o  a p a r t i c u l a r  sy n ta x ,  g iv in g  i t  e x p l i c i t  r e p r e s e n t a t i o n .  

Thus i t  p r o v id e s  a f l e x i b l e  y e t  r ig o r o u s  e x p e r im e n ta l  t o o l  

c o n ta in in g  b o th  s y n t a c t i c  and sym bolic  s t r u c t u r e .
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A number o f  s t u d i e s  have examined th e  a c q u i s i t i o n  o f  

a r t i f i c i a l  lang uages  I n  a t t e m p t in g  to  e x p lo re  th e  u n d e r ly in g  

c o g n i t i v e  p r o c e s s e s  u sed  by humans i n  complex r u l e  a p p re h e n ­

s io n  ( M i l le r ,  1958# S h ip s to n e ,  i 9 6 0 ; B ra in e ,  1963; Reber, 

1 9 6 7 # 1969; Foss, 1968). Much o f  th e  r e c e n t  r e s e a r c h  has 

been  o r i e n t e d  around what Poss (1968a ,  1968b ) and o th e r s  

(Sm ith and Gough, 1969* Smith and B ra in e ,  1970) have c a l l e d  

’’m in ia tu r e  la n g u a g e s " .  I n t e r e s t i n g l y ,  t h e r e  was some 

e a r l i e r  work done by E sp e r  i n  1925 which h a s  a p a r t i c u l a r l y  

modern app roach  i n  t h a t  E sper was i n t e r e s t e d  i n  complex r u l e  

sys tem s r a t h e r  th a n  i n  a s s o c i a t i v e  sy s te m s .

There a p p e a r  to  be two p r im a ry  a p p ro ach es  to  th e  s tu d y  

o f  a r t i f i c i a l  l a n g u a g e s .  One i s  s p e c i f i c a l l y  to  e x p lo re  th e  

presumed c o g n i t i v e  p r o c e s s e s  u n d e r ly in g  a c t u a l  language  a c ­

q u i s i t i o n .  Such I n v e s t i g a t i o n s  would u t i l i z e  a r t i f i c i a l  

s t im u lu s  m a t e r i a l s  t h a t  have a n a lo g u es  i n  n a t u r a l  la n g u a g e s .  

For exam ple, Staith and B ra ine  (1970) summarize t h e i r  work a s  

f o l l o w s :

" . . .w e  have t r i e d  to  u se  th e  e x p e r im e n ts  to  u n c o v er  
g e n e r a l  human l e a r n in g  te n d e n c ie s  and so u g h t to  
u n d e rs ta n d  how such  te n d e n c ie s  m ight o p e ra te  i n  th e  
more complex ( la n g u a g e )  l e a r n in g  s i t u a t i o n  t h a t  i s  
th e  c h i l d ' s .  T h is  i s  th e  way d a ta  on a r t i f i c i a l  
lan g u ag es  shou ld  be u sed  to  throw  l i g h t  on n a t u r a l  
language  l e a r n i n g . "

There a r e ,  o f  c o u r s e ,  p ro b lem s w i th  t h i s  ap p roach , 

p a r t i c u l a r l y  i n  th e  c o n s t r u c t i o n  o f  w orkab le  a n a lo g u es  i n  

t h a t  th e  l i n g u i s t i c  m odels th e m se lv e s  may be i n a p p r o p r i a t e .
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Since on ly  s y n t a c t i c  models have been  u s e d ,  th e  r u l e  a p p re ­

h e n s io n  system s u ncovered  i n  th e  l a b o r a to r y  may be u n r e l a t -  

a b le  to  n a t u r a l  language  a c q u i s i t i o n  system s which m ust 

in c lu d e  a sem an tic  component.

The second approach  to  th e  s tu d y  o f  a r t i f i c i a l  la n g u ­

a g es  i s  based on th e  a s s u n p t io n  t h a t  such i n v e s t i g a t i o n s  o f  

h i g h ly  s t r u c t u r e d  s t im u lu s  sequences  w i l l  p ro v id e  new i n ­

s i g h t s  i n t o  how humans d e a l  w ith  complex, r u l e  d e f in e d  

sy s te m s .  No d i r e c t  l i n g u i s t i c  p a r a l l e l  i s  assumed and the  

u se  o f  complex s y n t h e t i c  lan g u a g es  has  been m o tiv a te d  

c h i e f l y  by th e  c o n s id e r a b le  e x p e r im e n ta l  f l e x i b i l i t y  p e r ­

m i t te d  i n  th e  s tu d y  o f  g e n e r a l  c o g n i t i v e  in fo rm a t io n  

p r o c e s s in g .  I m p l i c i t  l e a r n in g  th e o r y ,  a s  p roposed  by Reber, 

i n c lu d in g  th e  fo c u s  o f  th e  p r e s e n t  s tu d y ,  i s  in c lu d e d  in  

t h i s  l a t t e r  g ro u p .

In  th e  f i r s t  o f  such s t u d i e s  o f  a r t i f i c i a l  language 

a c q u i s i t i o n ,  M i l l e r  (1958) used  a f i n i t e  s t a t e  grammar to  

d e m o n s tra te  t h a t  r u l e  l e a r n in g  o f  th e  u n d e r ly in g  a b s t r a c t  

s t r u c t u r e  was th e  b a s i s  f o r  a c q u i s i t i o n  o f  g ram m atica l  

i t e m s ,  even when Ss were n o t  in form ed o f  th e  r u l e s  o f  f o r ­

m a t io n .  A f i n i t e  s t a t e  grammar i s  composed o f  a d e f i n i t e  

number o f  d i f f e r e n t  i n t e r n a l  s t a t e s ,  where a t r a n s i t i o n  from  

one s t a t e  t o  a n o th e r  i s  marked by e m iss io n  o f  a sym bol. 

Symbol s t r i n g s  would t h e r e f o r e  be produced by p e r m is s ib le  

s h i f t s  from s t a t e  to  s t a t e ,  depend ing  on th e  s t a t e  system  

o f  th e  p a r t i c u l a r  grammar (See F ig u re  l ) .  Tims, i n  any
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g iv e n  f i n i t e  s t a t e  grammar, th e  a c t u a l  symbols would com prise  

th e  v o c a b u la ry ,  the  symbol s t r i n g s  th e  " s e n te n c e s " ,  and th e  

u n d e r ly in g  p e r m i s s ib l e  t r a n s i t i o n  r u l e s ,  th e  s y n ta x .

M i l l e r  (1958) found t h a t  Ss r e q u i r e d  to  memorize 

s u b s e t s  o f symbol s t r i n g s  showed g r e a t e r  a b i l i t y  f o r  f r e e  

r e c a l l  than  Ss i n s t r u c t e d  to  memorize random ly formed 

s t r i n g s .  I t  appeared  t h a t  s im p le  ex p o su re  to  g ram m atica l  

i te m s  was s u f f i c i e n t  f o r  S3 t o  l e a r n  som ething  ab o u t  th e  

sy s te m a t ic  f e a t u r e s  o f  the  s t i m u l i .  He p roposed  t h a t  th e  

e x p e r im e n ta l  Ss o rg an iz ed  t h e i r  r e c a l l  i n  te rm s o f  v a r io u s  

sy s tem s  o f  encod ing  r e l a t e d  c l u s t e r s .  However, i n  h i s  

l a t e r  e x p lo r a t io n s  o f  the  p r o c e s s ,  M i l l e r  (1967) changed 

h i s  fo c u s  and began e v a l u a t i o n s  o f  th e  s t r a t e g i e s  and 

h y p o th e se s  u t i l i z e d  by Ss.

S h ip s to n e  ( i 9 6 0 ) used  a v a r i e t y  o f  f i n i t e  s t a t e  grammars, 

r e q u i r i n g  Ss to  s o r t  c a rd s  c o n ta in in g  s e t s  o f s t im u lu s  i te m s  

i n t o  w h a tev e r  they  c o n s id e r e d  " a p p r o p r i a te "  c a t e g o r i e s ;  th e  

S was p e r m i t t e d  to  d e f in e  h i s  model w i th o u t  any r e s t r i c t i o n s  

on p o s s i b l e  c l a s s i f i c a t i o n  schem es. The grammar was c o n ­

s id e r e d  to  be  le a rn e d  i f  an S 's  c l a s s i f i c a t i o n  scheme matched 

th e  u n d e r ly in g  s t r i n g s  o f  t h e  g ram m ar.1 She th u s  ex p lo re d  

th e  s t r a t e g i e s  Ss m igh t be u s i n g  i n  a b s t r a c t i n g  th e  g ram m ati­

c a l  r u l e s .  Some s o r t i n g  p a t t e r n s  d id  emerge, and they  were

1Por a n  exanp le  o f  how th e  u n d e r ly in g  s t r i n g s  o f  a 
f i n i t e  s t a t e  grammar a r e  d e te rm in e d ,  se e  Page 2 7 .
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n o t  u n e x p e c te d ,  i n c lu d in g  l e n g t h  o f  s e n te n c e s ,  a n ch o r  

l e t t e r s ,  s im ple  a lp h a b e t i c  c u e s ,  e t c .  However, S h ip s to ne  

found many i d i o s y n c r a t i c  system s employed by h e r  Ss and 

few g e n e r a l i z a t i o n s  cou ld  be draw n.

As shown i n  o t h e r  r e s e a r c h  (R eber, i n  p r e s s )  such  a 

c l a s s i f i c a t i o n  method would te n d  to  e l i c i t  s p e c i f i c  l e a r n ­

in g  s t r a t e g i e s  such a s  i n  th e  c o n c e p t  fo rm a t io n  e x p e r im e n ts  

o f  B runer e t  a l  (1 9 5 6 ) .  In such  c a s e s ,  c a t e g o r i z a t i o n  by 

a t t r i b u t e s  c o in c id e d  w i th  c o n s c io u s  l e a r n in g  s t r a t e g i e s  

u t i l i z e d  by Ss r a t h e r  th a n  any i m p l i c i t  aw areness  o f  a b ­

s t r a c t  s t r u c t u r e . S h ip s to n e 's  s tu d y ,  th e n ,  a l th o u g h  nomin­

a l l y  u s in g  a s y n t h e t i c  language  f o r  a c q u i s i t i o n ,  was, 

b ecause  o f  th e  i n s t r u c t i o n a l  s e t ,  r e a l l y  a s tu d y  i n  i n d u c ­

t i v e  c o n ce p t  a t t a i n m e n t  r a t h e r  th a n  a s tu d y  o f  i m p l i c i t  

l e a r n i n g .

M i l l e r  l a t e r  summarized s e v e r a l  grammar l e a r n in g  

e x p e r im e n ts  ( M i l le r ,  1967* C hap te r  7 ) .  In  one, Ss were 

f i r s t  p r e s e n te d  w ith  two l i s t s  o f  sym bols , one made up o f  

g ram m atica l  i te m s  and one o f  nongram m atica l i t e m s .  A f te r  

s tu d y in g  b o th  l i s t s ,  th e y  were th e n  t r a n s f e r r e d  to  new 

l i s t s ,  b u t  i t  was found t h a t  o n ly  v e ry  s im p le  grammars 

cou ld  be le a rn e d  in  t h i s  f a s h io n  and th e  models Ss b u i l t  

were o f t e n  o v e r ly  complex and i n c o r r e c t .  In  a n o th e r  s e t  

o f  e x p e r im e n ts  Ss were g iv en  th e  v o c a b u la ry  o f  a s y n t h e t i c  

language  and i n s t r u c t e d  to  p roduce  symbol s t r i n g s  u n t i l  

th ey  had m as te red  th e  g ram m atica l  r u l e s .  A f te r  each  i te m ,
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th e y  were Inform ed i f  t h e i r  r e s p o n s e s  were r i g h t  o r  wrong 

i n  acco rd an ce  w i th  th e  g ram m atica l  s t r u c t u r e .

While th e s e  s t u d i e s  y ie ld e d  much d a t a ,  i n t e r p r e t a t i o n  

was d i f f i c u l t .  M i l l e r  concluded  t h a t  i n  complex r u l e  a p p r e ­

h e n s io n ,  a p u r e ly  in d u c t iv e  method o f  l e a r n in g  w i th  i n s u f ­

f i c i e n t  fee d b ac k  was i n e f f i c i e n t .  S ince complex grammars 

co u ld  n o t  be b roken  down i n t o  s im p le r  p a r t s ,  Ss r e l a t e d  to  

th e  s y s te m a t ic  a s p e c t s  when t e s t i n g  r u l e s  and r e q u i r e d  some 

ty p e  o f  r i c h e r  fe e d b a c k  to  match th e  s y s te m 's  c o m p le x i ty .  

I n t e r e s t i n g l y ,  M i l le r  u l t i m a t e l y  ceased  h i s  e x p lo r a t i o n s  

o f  th e  a c q u i s i t i o n  o f  a r t i f i c i a l  lan g u ag es  on th e  grounds 

t h a t  " . . . t h e y  were f a r  too  d i f f i c u l t  f o r  an  a f t e r n o o n  in  

th e  l a b o r a to r y "  (p . 1 4 4 ) .

Indeed , such a sys tem  c a n n o t  be le a rn e d  i n  "an a f t e r ­

noon i n  th e  l a b o r a t o r y "  i f  th e  c r i t e r i o n  o f  l e a r n in g  i s  th e  

S 's  a b i l i t y  to  fo rm a l iz e  th e  r u l e s  sys tem  o f  th e  f i n i t e  

s t a t e  grammar. In  p r e v io u s  i m p l i c i t  l e a r n in g  r e s e a r c h  

(R eber, 1 9 6 7 , 1969), a s  w e l l  a s  i n  th e  p r e s e n t  s tu d y ,  th e  

fo c u s  has been on S s ' a b i l i t y  t o  r e l a t e  t o  th e  u n d e r ly in g  

a b s t r a c t  s t r u c t u r e  by d e v e lo p in g  a t  l e a s t  a p a r t i a l  r e p ­

r e s e n t a t i o n  o f  th e  grammar, o r  r u l e  sy s tem . N e i th e r  p e r ­

f e c t  pe rfo rm ance  n o r  e x p l i c i t  f o rm u la t io n  o f  th e  r u l e s  was 

e x p e c te d ;  th e  em phasis  was r a t h e r  on th e  i m p l i c i t  p r o c e s s e s  

in v o lv e d .

Jones  (1973, 197^) has argued t h a t  t h e r e  a r e  c e r t a i n  

c o n c e p tu a l  c o m m o n a li t ie s  betw een th e  p rob lem s p osed  by th e
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a c q u i s i t i o n  o f  a r t i f i c i a l  lan g u a g es  and th o s e  posed  by th e  

p rob lem  o f  s e r i a l  p a t t e r n  l e a r n i n g .  In c lu d e d  In  th e  l a t t e r  

a r e  p a t t e r n  p e r c e p t io n  and p r o b a b i l i t y  l e a r n i n g .  The 

t h e o r i e s  o f  r u l e  fo rm a t io n  she rev iew ed  were g e n e r a l l y  based  

on e v id e n ce  from l e s s  complex s e q u e n t i a l  e v e n t  p a t t e r n  

l e a r n i n g ,  a l th o u g h  t h e i r  r e le v a n c e  f o r  g ram m atica l  r u l e  

s t r u c t u r e  was c o n s id e r e d ,  R e s t le  (1967), f o r  exam ple, 

p ro p o sed  t h a t  low er o r d e r  r u l e s ,  such  a s  ru n s  i n  a c y c le ,  

a r e  l e a rn e d  f i r s t ,  th e n  h ig h e r  o r d e r  r e g u l a r i t i e s .  His 

th e o r y  i s  b a s i c a l l y  a h i e r a r c h i c a l  ap p ro ach  and can  be 

l ik e n e d  t o  p h ra s e  s t r u c t u r e  grammar. Simon (1972) su g ges ted  

t h a t  Ss Induce  r e l a t i o n s  th ro u g h  p e r i o d i c i t i e s  i n  a c y c le  

b u t  has  p ro v id e d  h ig h ly  " s p e c i a l i z e d "  d a ta  t o  su p p o r t  h i s  

i n t e r p r e t a t i o n s .  G arner and Gottwald (1967* 1968), on th e  

o t h e r  hand , em phasize r u l e - b a s e d  e x p e c ta n c ie s  such  a s  a l ­

t e r n a t i o n s ,  depend ing  on th e  s t a r t i n g  p o i n t  o f  a c y c l e .  

However, th ey  p ro posed  a tw o -p ro c e s s  a p p ro a ch :  f o r  a f a s t  

r a t e  o f  p r e s e n t a t i o n  Ss respond  in  a r e l a t i v e l y  p a s s iv e  

way t o  th e  t o t a l  p a t t e r n ,  w h i le  a t  s lo w e r  r a t e s  o f  p r e s e n t ­

a t i o n  th ey  more a c t i v e l y  encode f e a t u r e s  o f  th e  p a t t e r n .

Jon es  p o in te d  o u t  t h a t  the  a r t i f i c i a l  language  e x p e r i ­

m ents u s in g  f i n i t e  s t a t e  grammars d i f f e r  from th o s e  on 

s e r i a l  p a t t e r n  l e a r n in g  in  t h a t  th e y  u se  s t i m u l i  which a re  

n o n - c y c l ic  and n o n -h ie ra rc h ic a l  ( e .g .  M i l l e r ,  1958; S h ip s to n e ,  

I960 ; R eber, 1969; K an tow itz ,  1 9 7 1 ) .  S p e c i f i c a l l y  Reber and 

K an tow itz  p roposed  t h a t  Ss a b s t r a c t  s t r u c t u r a l  r e l a t i o n s
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from an  a r r a y  o f  s u b s e t s  which can  th e n  be t r a n s f e r r e d  t o  

new l e a r n i n g .  The l e a r n i n g  p r o c e s s  would p ro ceed  from th e  

p e r c e p t i o n  o f  o v e r a l l  h ig h e r  o r d e r  r e g u l a r i t i e s  to  the  

d is c o v e ry  o f  th e  p a r t i c u l a r  form s o f  r e d u n d a n c ie s .

In  an e f f o r t  t o  f u r t h e r  e x p lo re  th e  c o n c e p tu a l i z a t i o n s  

o f  s e r i a l  a c q u i s i t i o n  ( e . g .  R e s t l e ,  1967), and a b s t r a c t  im ­

p l i c i t  l e a r n in g  ( e . g .  Reber, 1969)# Jones  (1971) i n v e s t i g a t e d  

th e  manner i n  which h ig h e r  o r d e r  r e g u l a r i t i e s  cou ld  a f f e c t  

m andatory  r u l e  l e a r n i n g  i n  a s e q u e n t i a l  ru n -s te rn  a c q u i s i t i o n  

e x p e r im e n t .  Lower o r d e r  r u l e s  were h e ld  c o n s t a n t ,  w hile  she 

v a r i e d  h ig h e r  o r d e r  r u l e s .  Jones  found t h a t  Ss resp ond  t o  

b o th  e a r l y  i n  l e a r n in g  and su g g e s te d  t h a t  h ig h e r  and low er 

o r d e r  l e a r n in g  o f  a p a t t e r n  p ro ceed ed  s im u l ta n e o u s ly  and 

i n t e r a c t e d ,  a l th o u g h  th e  n a tu r e  o f  th e  i n t e r a c t i o n  was n o t  

c l e a r .  W ith in  th e  l i m i t s  o f  h e r  ex p e r im e n t  she found 

n e i t h e r  R e s t l e ' s  n o r  R e b e r 's  i n t e r p r e t a t i o n  u n e q u iv o c a l ly  

s u p p o r te d .  However, she no ted  t h a t  th e  d i f f i c u l t y  l e v e l  may 

have been  in a d e q u a te  f o r  a t r u e  t e s t  o f  R eb er1s t h e o r y .

I m p l i c i t  L earn ing

Reber (1967, 1 9 6 9 , i n  p r e s s )  h a s  p ro posed  a th e o ry  o f  

i m p l i c i t  l e a r n in g  t o  a c c o u n t  f o r  th e  p r o c e s s  o f  r u l e  a p p r e ­

h e n s io n  where th e  r u l e s  a r e  to o  complex to  be o v e r t l y  mas­

t e r e d  by Ss. Data based  on s e v e r a l  s t u d i e s  o f  a r t i f i c i a l  

lang uage  a c q u i s i t i o n  show t h a t  upon r e p e a te d  exposu re  to  

s u b s e t s  o f symbol s t r i n g s *  Ss w i l l  become s e n s i t i v e  to  th e
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i n h e r e n t  a b s t r a c t  s t r u c t u r e  i n  th e  s t im u lu s  a r r a y  and w i l l  

d ev e lo p  ( i m p l i c i t l y )  a p e r c e p t u a l  model t h a t  r e f l e c t s  to  

some d e g re e  th e  s y n t a c t i c  s t r u c t u r e .  They a r e  th e n  a b le  

to  t r a n s f e r  t h i s  knowledge to  new i n p u t s .  Thus, Reber em­

p h a s iz e s  th e  h o l i s t i c  a s p e c t s  o f  p a t t e r n  p r o c e s s in g  o f  

complex m a t e r i a l .

A p e r c e p t u a l  l e a r n in g  ap p ro ach  has  a l s o  been used  by 

Gibson and Gibson (1955). The c e n t r a l  mechanism i n  t h e i r  

th e o ry  i s  a d i f f e r e n t i a t i o n  p r o c e s s  which in v o lv e s  th e  d i s ­

c r i m in a t io n  o f  d i s t i n c t i v e  and i n v a r i a n t  f e a t u r e s  i n  a 

s t im u lu s  a r r a y  w i th o u t  e n r i c h in g  the  a r r a y  w i th  a d d i t i o n a l  

i n f o r m a t io n .  The s t r u c t u r e s  l e a r n e d  a r e  assumed t o  be i n  

th e  p h y s i c a l  a r r a y ;  g iv e n  s u b s e t s  o f  s t i m u l i  c o n ta in in g  th e  

p r o p e r t i e s  o f  a t o t a l  s e t  o f  s t r u c t u r e d  s t i m u l i ,  Ss w i l l ,  

by a t t e n d i n g  to  r e d u n d a n c ie s  and i n v a r i a n t  c o m b in a t io n s ,  

e v e n t u a l l y  c o n s t r u c t  an i m p l i c i t  r e p r e s e n t a t i o n  o f  the  

t o t a l  m odel.

In  a f u r t h e r  developm ent o f  p e r c e p t u a l  l e a r n in g  th e o r y ,  

Gibson (1972) expanded th e  n o t io n  o f  d i s t i n c t i v e  f e a t u r e s  to  

in c lu d e  t h e i r  r e l a t i o n a l  s t r u c t u r e  o r  v a ry in g  l e v e l s  o f  com­

p l e x i t y .  She su g g e s te d  a p ro c e s s  o f  a b s t r a c t i o n  a t  a p e r ­

c e p tu a l  l e v e l  t o  encompass l e a r n in g  r u l e  sys tem s f o r  l a r g e r  

p a t t e r n s  th ro u g h  a c t i v e  e f f o r t  on th e  p a r t  o f  th e  S to  r e ­

duce u n c e r t a i n t y .  Such p e r c e p t i o n s ,  she s u g g e s te d ,  co u ld  be 

th ro u g h  s u p e r o r d in a t io n  o r  s u b o r d in a t io n ,  d ep en d in g  upon th e  

c o m p lex i ty  o f  th e  s t r u c t u r e .  I t  may w e l l  be th e  c a se  t h a t
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i n  a more complex model, p e r c e p t i o n  o f  a t o t a l  p a t t e r n ,  o r  

s u p e r o r d in a t io n ,  would be a n te c e d e n t  t o  e x p l i c i t  aw areness  

o f  s p e c i f i c  s u b o rd in a te  p a r t s .  T h is  d i s p o s i t i o n  i s  s u p p o r t ­

ed by th e  r e s u l t s  o f  th e  e x p e r im e n ts  d e s ig n ed  to  t e s t  im­

p l i c i t  l e a r n i n g ,  where Ss were u n a b le  t o  v e r b a l i z e  th e  r u l e s  

th e y  were e v id e n c in g  in  t h e i r  b e h a v io r a l  r e p e r t o i r e .

O ther i n v e s t i g a t o r s  have a l s o  em phasized  th e  i m p l i c i t  

a s p e c t s  o f  a r t i f i c i a l  language l e a r n i n g .  In  a s tu d y  u s in g  

young c h i l d r e n  a s  Ss, B ra ine  (1963) su g g e s te d  an i m p l i c i t  

model to  a c c o u n t  f o r  such l e a r n i n g .  A f te r  exposu re  to  s e n ­

t e n c e s  from a s im p le  a r t i f i c i a l  la n g u a g e ,  Ss th en  had to  

com ple te  new s e n te n c e s .  B ra in e  p ro posed  t h a t  g ram m atica l  

s t r u c t u r e  i s  a c q u i r e d  by Ss l e a r n in g  th e  p o s i t i o n  o f  a u n i t  

i n  a sequence th ro u g h  a p r o c e s s  o f  c o n te x tu a l  g e n e r a l i z a t i o n .  

He l ik e n e d  th e  l e a r n in g  o f  l o c a t i o n  t o  p e r c e p t u a l  l e a r n i n g  i n  

th e  sen se  t h a t  Ss become f a m i l i a r  w i th  sounds o f  u n i t s  i n  th e  

te m p o ra l  p o s i t i o n  i n  which th ey  o c c u r .

Smith and B ra in e  ( in  p r e s s )  b r in g  t o g e t h e r  th e  work 

w i th  m in ia tu r e  lan g u a g es  t r e a t i n g  i t  a s  an an a lo g u e  to  n a t u r a l  

language  a c q u i s i t i o n .  They su g g e s te d  t h a t  th e  a r t i f i c i a l  

lan g u a g es  th e y  and o th e r s  have u se d  co u ld  be r e p r e s e n te d  by 

p h ra s e  s t r u c t u r e  grammar, w h ile  f i n i t e  s t a t e  grammars cotild 

n o t .  They s t i l l  h o ld  w i th  a p o s i t i o n  cue view i n  t h a t  what 

i s  le a rn e d  a r e  p o s i t i o n a l  r e g u l a r i t i e s .  However, s in c e  

B r a in e f s Ss were a l s o  a b le  to  l e a r n  i n v e r s i o n s ,  i t  would 

a p p e a r  t h a t  t h e i r  model may be c l o s e r  t o  t r a n s f o r m a t i o n a l
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grammar th an  o r i g i n a l l y  th o u g h t  (see  Jo n e s ,  1973). While 

th e  re le v a n c y  o f  m in ia tu r e  lan g u a g es  f o r  n a t u r a l  language 

a c q u i s i t i o n  may be te n u o u s ,  t h e i r  e x p lo r a t i o n  o f  r u l e  ap ­

p re h e n s io n  p r o c e s s e s  i n  complex l e a r n in g  s i t u a t i o n s  h as  

p ro v id e d  u s e f u l  d a t a .

In  a s i m i l a r  ty p e  o f  s tu d y ,  Poss (1 9 6 8 ) found a p o s i ­

t i v e  t r a n s f e r  e f f e c t  t o  a new s u b s e t  o f  i te m s  a f t e r  th e  

o r i g i n a l  a c q u s i t i o n  o f  a " m in ia tu re  l i n g u i s t i c  sy s tem " .

Based on E sper*s  e a r l i e r  work, Poss u sed  form and c o l o r  as  

s t i m u l i .  Nonsense w ords , p a i r e d  w ith  e i t h e r  form o r  c o lo r ,  

were th e  re sp o n se  i te m s  to  be l e a r n e d .  In  h i s  a n a l y s i s  o f  

th e  d a t a ,  Poss co nc luded  t h a t  Ss d i s c o v e r  s y s t e m a t i c i t y ,  

n o t  n e c e s s a r i l y  c o n s c io u s ly ,  and ex ten d  i t  t o  new i n p u t s .

Thus, th e  r e s u l t s  o f  a number o f  s t u d i e s  o f  a r t i f i c i a l  

language  a c q u i s i t i o n  s u g g e s t  a p r o c e s s  o f  a b s t r a c t i o n  o f  

s t r u c t u r a l  r e l a t i o n s  o r  r u l e  a p p re h e n s io n  i n  complex l e a r n ­

in g  s i t u a t i o n s .

I m p l i c i t  L earn ing  S tu d ie s

The r e s u l t s  o f  s t u d i e s  d e s ig n e d  s p e c i f i c a l l y  t o  

i n v e s t i g a t e  I m p l i c i t  l e a r n in g  i n d i c a t e  t h a t  what an S l e a r n s  

i n  an  a r t i f i c i a l  langu ag e  e x p e r im e n t  i s  an i m p l i c i t ,  p a r t i a l  

r e p r e s e n t a t i o n  o f  th e  grammar which u n d e r l i e s  th e  symbol 

s t r i n g s  o r  " s e n te n c e s "  t o  which he h a s  been expo sed . In  th e  

f i r s t  o f  s e v e r a l  e x p e r im e n ts ,  Reber (1967) has  shown t h a t  

w h ile  Ss were n o t  in fo rm ed  t h a t  they  were l e a r n in g  r u l e -
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governed  s t i m u l i ,  th e y  d id  become s e n s i t i v e  t o  th e  g ram m ati­

c a l  c o n s t r a i n t s  o f  th e  s t im u lu s  a r r a y .  Knowledge o f  th e  

r u l e s  was e v a lu a te d  on a d i s c r i m i n a t i o n  t a s k  fo l lo w in g  th e  

o r i g i n a l  l e a r n in g  p h a se ;  Ss cou ld  a c c u r a t e l y  d e s ig n a te  

n o v e l  symbol s t r i n g s  a s  g ram m atica l  o r  nongram m atica l w i th ­

o u t  b e in g  a b le  to  v e r b a l i z e  th e  e x p l i c i t  r u l e s  th e y  were 

u s i n g .

A f u r t h e r  s tu d y  by Reber (1969) e v a lu a te d  S s ' a b i l i t i e s  

t o  t r a n s f e r  t h e i r  knowledge o f  g ram m atica l  s t r u c t u r e .  The 

s tu d y  c o n s i s t e d  o f  an  u n ex p ec ted  sw itc h  i n  lan g u a g es  ha lfw ay  

th ro u g h  th e  e x p e r im e n t .  Ss who were sw itch ed  to  a new sy n ­

t h e t i c  lan g u ag e  which used  new symbols b u t  k e p t  th e  same 

u n d e r ly in g  s y n ta x  t r a n s f e r r e d  b e t t e r  th a n  Ss who were 

sw itch ed  to  a language  w i th  th e  same symbols b u t  a new 

s y n ta x .  T hat i s ,  whenever th e  sy n ta x  was k e p t ,  p o s i t i v e  

t r a n s f e r  o c c u r re d ;  w henever the  sy n ta x  was a l t e r e d ,  n eg a ­

t i v e  t r a n s f e r  o c c u r re d ,  r e g a r d l e s s  o f  any changes i n  th e  

a c t u a l  symbols u s e d .  I t  was conc luded  t h a t  th e  b a s i s  f o r  

a r t i f i c i a l  language  l e a r n i n g  was th e  developm ent o f  an o v e r ­

a l l  a b s t r a c t  r e p r e s e n t a t i o n  o f  th e  grammar, in d e p e n d e n t  o f  

th e  sym bols .

E xam in a tion  o f  th e  r e s u l t s  o f  two f u r t h e r  s t u d i e s  

le n d s  a d d i t i o n a l  s u p p o r t  t o  th e  n o t io n  o f  i m p l i c i t  l e a r n in g  

o f  complex, p a t t e r n e d  s t i m u l i .  In  one (Reber, I n  p r e s s ) ,  

an i n s t r u c t i o n a l  v a r i a b l e  was i n t r o d u c e d : one group r e c e iv e d  

n e u t r a l  i n s t r u c t i o n s  a s  i n  p r e v io u s  e x p e r im e n ts ,  w h ile  th e
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o t h e r  group was g iv e n  e x p l i c i t  i n s t r u c t i o n s  t o  seek  o u t  th e  

r e g u l a r i t i e s  o r  r u l e s  i n  th e  s t im u lu s  d i s p l a y .  R e s u l ts  

showed t h a t  th e  im p le m e n ta t io n  o f  c o n sc io u s  l e a r n in g  s t r a ­

t e g i e s  i n t e r f e r e d  w i th  l e a r n in g  and low ered  th e  a b i l i t y  to  

d i s c r i m i n a t e  c o r r e c t  from i n c o r r e c t  i n s t a n c e s .

The second s tu d y  (Reber, e t  a l . ,  i n  p r e p . )  a t te m p te d  

t o  i n v e s t i g a t e  th e  i m p l i c i t  c o n c e p t u a l i z a t i o n s  Ss m ight be 

u s in g  i n  d e v e lo p in g  a r e p r e s e n t a t i o n a l  model o f  th e  gram­

m a t i c a l  s t r u c t u r e .  Ss were p re s e n te d  w i th  a s e t  o f  random ly 

a r r a n g e d  c a r d s ,  each  card  c o n ta in in g  one l e t t e r  o f  a n o v e l ,  

g ram m atica l  s t r i n g  from th e  s y n t h e t i c  language  used  i n  th e  

t r a i n i n g  p e r i o d .  They were i n s t r u c t e d  to  so lv e  th e  anagram 

by a r r a n g in g  th e  l e t t e r s  i n t o  a p e r m i s s ib l e  o r d e r  a c c o rd in g  

to  th e  r u l e s  u sed  t o  form th e  l e a r n in g  i t e m s .  On 75# o f  

th e  t r i a l s  Ss were g iv e n  a f i r s t ,  l a s t ,  o r  m idd le  l e t t e r  

c u e ,  w h i le  no cue was g iv en  on th e  rem a in in g  25# o f  th e  

t r i a l s .  Ss were th e n  f u r t h e r  t e s t e d  by th e  t r a d i t i o n a l  

t a s k  o f  d i s c r i m i n a t i n g  g ram m atica l  from nongram m atlca l i t e m s .

While th e  d a ta  were complex, b o th  th e  p a t t e r n  o f  Ss ' 

s o l u t i o n s  and p o s t - e x p e r im e n ta l  r e p o r t s  showed a g r e a t e r  

aw aren ess  o f  c e r t a i n  f e a t u r e s  th a n  had been  r e p o r t e d  i n  

e a r l i e r  e x p e r im e n ts .  The r e s u l t s  showed t h a t  c e r t a i n  i n ­

v a r i a n t  f e a t u r e s  such  a s  a n ch o r  l e t t e r s ,  some r e d u n d a n c ie s ,  

and m iddle  chunk ing  were re c o g n iz e d ,  and t h a t  l e a r n in g  c o n ­

t in u e d  to  t a k e  p l a c e  o v e r  the  f o u r  anagram t r i a l s .  Here 

a g a in ,  how ever, S s ' v e r b a l i z a t i o n s  s t i l l  in c lu d e d  in a c c u r -
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a t e l y  s t a t e d  r a l e s ,  I n c lu d in g  th o se  t h a t  th e y  th em se lv es  

were u s in g  i n  s o lv in g  th e  anagram s.

More r e c e n t l y ,  an o b s e r v a t io n  te c h n iq u e  was i n t r o ­

duced d u r in g  th e  l e a r n in g  p h a s e .  In  p r e v io u s  s t u d i e s  a 

r e c a l l  te c h n iq u e  had been u se d  d u r in g  th e  t r a i n i n g  p e r io d  

whereby Ss had to  subm it one c o r r e c t  r e p r o d u c t io n  o f  a s e t  

o f  t h r e e  symbol s t r i n g s  i n  o r d e r  to  a ch iev e  th e  c r i t e r i o n  

o f  l e a r n i n g .  The o b s e r v a t io n  te c h n iq u e  c o n s i s t s  o f  a r a p id  

p r e s e n t a t i o n  o f  th e  s u b s e t s  o f  g ram m atica l  s t r i n g s ,  w ith  no 

o p p o r tu n i ty  f o r  re sp o n se  o r  f e e d b a c k .  T his  p ro v id e s  a more 

u n ifo rm  l e a r n in g  s i t u a t i o n  f o r  a l l  Ss and m in im izes th e  

p o s s i b i l i t y  o f  any e x p l i c i t  r u l e  l e a r n in g  on th e  p a r t  o f  Ss. 

T h is  te c h n iq u e  had been  used  s u c c e s s f u l l y  i n  p r o b a b i l i t y  

l e a r n i n g  s t u d i e s  (Reber and M illw ard , 1 9 6 8 ) where no d i f ­

f e r e n c e  in  o b ta in in g  a sy m p to te s  had been found betw een Ss 

t r a i n e d  by t r a d i t i o n a l  p r o b a b i l i t y  l e a r n in g  te c h n iq u e s  and 

th o se  sim ply  o b se rv in g  th e  s t im u lu s  a r r a y  w i th o u t  r e c e iv in g  

s i g n a l  l i g h t s  o r  making p r e d i c t i o n  r e s p o n s e s .

The r e s u l t s  o f  an e x p e r im e n t  d e s ig n e d  to  compare th e  

pe rfo rm ance  o f  g roup s  t r a i n e d  by th e  r e c a l l  and o b s e rv a ­

t i o n  te c h n iq u e s  g e n e r a l l y  su p p o r te d  Reber and M il lw a rd ’s 

f i n d i n g s  (Waldmann, 1 9 7 2 ) . The g ro u p s  d id  n o t  d i f f e r  s i g ­

n i f i c a n t l y  from each  o t h e r  on th e  d i s c r i m i n a t i o n  t a s k  to  

t e s t  t r a n s f e r  o f  l e a r n i n g .  However, th e  o v e r a l l  v a r ia n c e  

was g r e a t e r  f o r  th e  r e c a l l  g ro u p , s u g g e s t in g  t h a t  th e  r e ­

c a l l  group was a f f o rd e d  a g r e a t  o p p o r tu n i ty  f o r  i d i o s y n c r a t i c
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b e h a v io r .

Thus th e  r e s u l t s  o f  a l l  o f  th e  s t u d i e s  o f  i m p l i c i t  

l e a r n in g  have c l e a r l y  i n d i c a t e d  t h a t  l e a r n in g  o f  s t r u c t u r e  

d id  ta k e  p l a c e ,  i n c lu d in g  th o s e  u s in g  d i f f e r e n t  t r a i n i n g  

te c h n iq u e s  and t e s t i n g  f o r  t r a n s f e r  o f  l e a r n in g  u n d e r  v a r y ­

in g  c o n d i t i o n s .  However, s in c e  th e  av erag e  l e v e l  o f  p e r ­

form ance f o r  o v e r  a dozen  g ro u p s  o f  Ss h as  ranged  from 6 5 $  

to  80# a c c u ra c y ,  o b v io u s ly  o n ly  a p a r t i a l  r e p r e s e n t a t i o n  

o f  th e  g ram m atica l  model was b e in g  form ed. While th e s e  

f i g u r e s  a r e  c o n s id e r a b ly  above ch ance , th e  l e v e l  o f  p e r ­

form ance d id  n o t  seem to  a c c u r a t e l y  r e f l e c t  th e  l e v e l s  

a t t a i n e d  i n  n o n - l a b o r a to r y  s i t u a t i o n s  such  a s  a c q u i s i t i o n  

o f  lan g u ag e , l e a r n in g  complex games, s o c i a l  I n t e r a c t i o n s  

i n  s t r u c t u r e d  s e t t i n g s ,  e t c .  T h e re fo re ,  one must conc lude  

(as  d id  M i l l e r )  t h a t  a c o m p le te ly  I n d u c t iv e  a p p ro a ch , a t  

l e a s t  i n  a l a b o r a to r y  s e t t i n g ,  d id  n o t  seem to  r e s u l t  i n  

s u f f i c i e n t  l e a r n i n g .

With a v iew  tow ard  f u r t h e r  developm ent o f  o u r  u n d e r ­

s t a n d in g  o f  i m p l i c i t  l e a r n i n g ,  th e  fo l lo w in g  s tu d y  was 

u n d e r ta k e n  i n  o r d e r  to  engage th e  q u e s t io n  o f  how Ss would 

l e a r n  th e  u n d e r ly in g  s t r u c t u r e  o f  an  a r t i f i c i a l  language  

most e f f i c i e n t l y .  H e re to fo re  th e  e x p e r im e n ts  had been  c a r e ­

f u l l y  d e s ig n e d  and c o n t r o l l e d  so a s  to  m inim ize th e  p o s s i ­

b i l i t y  o f  any e x p l i c i t  r u l e  l e a r n in g  on th e  p a r t  o f  Ss. 

However, s in c e  th e  a b s t r a c t  s t r u c t u r e  o f  a f i n i t e  s t a t e  

grammar i s  c l e a r l y  to o  complex a r u l e  sys tem  to  be
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a d e q u a te ly  apprehended  by Ss th ro u g h  i m p l i c i t  r e p r e s e n t a t i o n  

a lo n e ,  e x p l i c i t  i n fo rm a t io n  was p ro v id e d  d u r in g  th e  t r a i n i n g  

p e r io d  i n  o r d e r  t o  f a c i l i t a t e  f u r t h e r  l e a r n i n g .  I t  seemed 

l i k e l y  t h a t  th e  r e s u l t i n g  i n t e r a c t i o n  betw een e x p l i c i t  and 

i m p l i c i t  p r o c e s s e s  would tend to  maximize l e a r n i n g ,  depend­

in g  on when i t  would o c c u r .

E x p l i c i t  in fo r m a t io n  r e g a r d in g  the  s t r u c t u r a l  r e l a t i o n ­

s h i p s ,  o r  sy n ta x ,  was in t r o d u c e d  b e f o r e ,  d u r in g  and a f t e r  

th e  p r e s e n t a t i o n  o f  th e  l e a r n in g  s t r i n g s .  S ince i t  was e x ­

p e c te d  t h a t  t o t a l  exposu re  tim e would 3 t i l l  be to o  b r i e f  

f o r  r o t e  memory to  p la y  any s i g n i f i c a n t  r o l e ,  Ss would 

s t i l l  have t o  d ev e lo p  some k ind  o f  model based  on th e  a b ­

s t r a c t  s t r u c t u r e .

For exam ple, i f  g iv en  th e  s t r u c t u r e  f i r s t ,  as  i n  a 

more d e d u c t iv e  ap p ro ach , th e  S can  th e n  enhance h i s  l e a r n ­

in g  i n  a more e x p l i c i t  f a s h io n  by th e  p r e s e n t a t i o n  o f  s p e ­

c i f i c  exam ples o f  g ram m atica l  s t r i n g s .  I f  knowledge o f  

th e  r u l e s  i s  in t ro d u c e d  a f t e r  th e  S has i n d u c t i v e l y  c o n ­

s t r u c t e d  h i s  own i m p l i c i t  model i n  a n e u t r a l  s e t t i n g ,  i t  may 

se rv e  an enhanc in g  o r  c l a r i f y i n g  f u n c t i o n ,  o r  th e  change i n  

i n s t r u c t i o n a l  s e t  may p rove  t o  be d i s r u p t i v e .  I n t e r e s t i n g l y ,  

t h e r e  a r e  no a p r i o r i  r e a s o n s  f o r  p r e d i c t i n g  th e  d i r e c t i o n ­

a l i t y  o f  t h i s  e f f e c t .  F i n a l l y ,  e f f i c i e n t  l e a r n in g  may b e s t  

be se rv ed  by a co m bin a tion  o f  th e  two m ethods, w i th  th e  

e x p l i c i t  s t r u c t u r e  p ro v id ed  i n  th e  m iddle  o f  th e  p r e s e n t a ­

t i o n  o f  e x e m p la rs .  In  any e v e n t ,  th e  v a r io u s  a p p ro ach es
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were e x p e c te d  to  have d i f f e r e n t i a l  e f f e c t s  on p e rfo rm an ce .

F u r th e r ,  w h ile  e a r l i e r  s t u d i e s  have emphasized the  

i n p l i c i t  a s p e c t s  o f  th e  l e a r n i n g  parad igm , an e x p la n a t io n  

o f  th e  r u l e s  would p e rm i t  a more e x p l i c i t  mode to  be i n ­

t ro d u c e d ,  Ss exposed to  s u b s e t s  o f  g ram m atica l  i te m s  had 

seemed to  i n i t i a l l y  p e r c e iv e  th e  l a r g e r  p a t t e r n ,  w i th  a 

l a t e r  s e p a r a t io n  o u t  o f  i n v a r i a n t  f e a t u r e s ,  p o s s ib l e  

c o m b in a t io n s ,  e t c .  However, i t  ap p ea re d  l i k e l y  t h a t  in  

u t i l i z i n g  t h e i r  knowledge to  d i s c r i m i n a t e  new i n p u t s ,  a 

more e x p l i c i t  s t r u c t u r i n g  o f  th e  r u l e s  would be r e q u i r e d .

An e x p l o r a t i o n  o f  th e  r e l a t i o n s h i p s  betw een th e s e  p r o c e s s e s  

would have im p o r t  f o r  th e  c o n t in u in g  developm ent o f  a t h e ­

o ry  o f  i m p l i c i t  l e a r n i n g .

The h y p o th e s e s  r e g a r d in g  th e  outcome o f  the  s tud y  

were a s  f o l lo w s :

1) Depending on where i n  th e  l e a r n i n g  phase  th e  e x p la ­
n a t i o n  o f  th e  r u l e s  sy s tem  i s  in t r o d u c e d ,  d i f f e r e n c e s  
w i l l  emerge among th e  t h r e e  e x p e r im e n ta l  g roups i n  
l a t e n c y ,  a c c u ra c y  and e r r o r  p a t t e r n s .  However, th e  
d i r e c t i o n  o f  th e s e  d i f f e r e n c e s  can n o t  be p r e d i c te d
a p r i o r i .

2) The e x p ec te d  d i f f e r e n c e s  among e x p e r im e n ta l  g roups 
w i l l  depend on th e  re s p o n se  mode u s e d .  Ss u s in g  an 
I m p l i c i t  mode developed  b e fo re  th e  e x p la n a t io n  o f  th e  
grammar would be e x p e c te d  t o  have s h o r t e r  l a t e n c y  
t im e s ,  r e f l e c t i n g  an o v e r a l l  scan n in g  i n  a more g r o s s  
p e r c e p t u a l  manner. Ss u s in g  an  e x p l i c i t  mode would 
be e x p ec te d  to  have lo n g e r  l a t e n c i e s  a s  th e y  a t te m p t  
t o  rep ro d u c e  th e  a c t u a l  grammar.

3) Two c o n t r o l  g ro u p s  w i l l  be used  in  which th e  mode o f  
r e s p o n se  i s  f i x e d .  In te r g r o u p  com parisons should  
enhance th e  r e l i a b i l i t y  o f  th e  above e x p e c t a t i o n s .  
That i s ,  th e  lo n g e s t  l a t e n c i e s  a r e  e x p ec ted  from th e  
e x p l i c i t  o n ly  g ro u p , w h ile  th e  i m p l i c i t  o n ly  group 
sho u ld  d e m o n s tra te  th e  l e a s t  o v e r a l l  a c c u ra c y  and 
s h o r t e r  l a t e n c i e s .



When a n  i m p l i c i t  r e sp o n se  mode i s  u se d ,  l e n g th  o f  
symbol s t r i n g s  shou ld  have l i t t l e  e f f e c t  on th e  
r e s u l t s .

I d i o s y n c r a t i c  e r r o r  p a t t e r n s  a re  ex p ec te d  u n d e r  
th e  e x p l i c i t  r e s p o n se  mode, b u t  n o t  th e  i m p l i c i t .
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O v e ra l l  D esign

There were f i v e  g ro u p s ,  t h r e e  c l a s s i f i e d  a s  e x p e r i ­

m en ta l  and two a s  c o n t r o l .  Each e x p e r im e n ta l  g roup i s  

d e f in e d  by th e  p a t t e r n  o f  i m p l i c i t  and e x p l i c i t  t r a i n i n g  

p ro c e d u re s  u se d ;  th e  c o n t r o l  g roups were ru n  w ith  one o r  

th e  o t h e r  p ro c e d u re  e x c l u s i v e l y .  Note t h a t  th e  d i f f e r e n ­

c es  h e re  a r e  e n t i r e l y  w ith  th e  t r a i n i n g  p r o c e d u r e s ,  a l l  

g ro ups  were ru n  i d e n t i c a l l y  d u r in g  th e  t e s t i n g  p h a s e .

L earn ing  P h a se . The l e a r n in g  ph ase  was d e s ig n e d  to  

p ro v id e  each  group w i th  a d i f f e r e n t  mode o f  a c q u i s i t i o n  o f  

th e  grammar.

S tim u lu s  M a te r ia l s

The m a t e r i a l s  f o r  t h i s  p h a se  were c o n s t r u c te d  u s in g  

a f i n i t e  s t a t e  grammar (Chomsky and M i l l e r ,  1958) w ith  th e  

l e t t e r s  P, S, T, V and X a s  th e  v o c a b u la ry  and a s e t  o f  

r u l e s  o f  s e n te n c e  c o n s t r u c t i o n  a s  th e  grammar. The l a n g u ­

age i s  g iv e n  i n  schem atic  form i n  F ig u re  1 .

A f i n i t e  s t a t e  grammar such a s  t h i s  may be c h a r a c ­

t e r i z e d  as  a Markovian p r o c e s s  i n  which a t r a n s i t i o n  from 

any S ta te  Si to  any S ta te  S j  p ro d u ce s  a sym bol. A s t r i n g  

o f  sym bols, o r  " s e n te n c e "  i s  p roduced by e n t e r i n g  th e  

a r r a y  a t  Sq, p ro c e e d in g  a c c o rd in g  to  th e  p e r m i s s ib l e  

t r a n s i t i o n s  a s  d e f in e d  by th e  a r ro w s ,  and e x i t i n g  a t  S ta te



30

Twenty-one s t r i n g s  were chosen  from th e  grammar a s  

r e p r e s e n t a t i v e  o f  th e  f i v e  p o s s i b l e  se n te n c e  ty p e s ,  each  

composed o f  from t h r e e  to  e i g h t  symbols (see  Appendix I ) .  

The com plete  grammar may a l s o  be n o ta te d  by th e  fo l lo w in g  

s e n te n c e  ty p e s ,  w ith  each  lo op  (" S " ,  "T", "VPX") a p p e a r in g  

p a r e n t h e t i c a l l y :

T r a in in g  Procedure

The f i v e  g roups were ru n  as  f o l l o w s :

C o n tro l  Group E ( E x p l i c i t ) .  These Ss were p r e s e n te d  

w i th  th e  schem atic  d iagram  o f  th e  grammar, as  shown i n  

F ig u re  1, and g iv e n  an e x p la n a t io n  o f  th e  f i n i t e  s t a t e  

m odel. In  a d d i t i o n ,  f i v e  exam ples o f  symbol s t r i n g s  were 

fo l lo w ed  th ro u g h  s t e p  by s t e p  i n  o r d e r  to  i n s u r e  t h a t  the  

r u l e s  f o r  fo rm ing  " s e n te n c e s "  were u n d e r s to o d .  The S was 

then  asked  t o  g e n e r a te  h i s  own " s e n te n c e s " ,  one each  o f  

f o u r ,  s i x  and e ig h t  sym bols . T h is  p ro c e d u re  to o k  a p p r o x i ­

m a te ly  te n  m in u te s  and th e  d iag ram  rem ained i n  f r o n t  o f  

th e  S d u r in g  th e  e n t i r e  p e r i o d .

Type I :  

Type I I :  

Type I I I :  

Type IV: 

Type V:

T(S)XS

t ( s )xx(t ) (v px )w  

t ( s )xx (t ) ( v px )v ps  

p (t ) (v p x )w  

p (t )(VPX)VPS
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C o n tro l  Group I  ( I n p l i c l t ) .  The Ss I n  Group I  were 

i n i t i a l l y  g iv e n  n e u t r a l  i n s t r u c t i o n s ;  t h a t  i s ,  th e y  were 

t o l d  a t  the  o u t s e t  o n ly  t h a t  th ey  were p a r t i c i p a t i n g  i n  a 

s im p le  memory e x p e r im e n t .  Ihey  were re q u e s te d  to  pay 

c a r e f u l  a t t e n t i o n  t o  th e  s t i m u l i  s in c e  th ey  would be asked 

q u e s t io n s  on them l a t e r .  The Ss were th en  shown th e  21 

s t r i n g s  from th e  grammar p la c e d  i n  a f ix e d  o r d e r  o f  p r e ­

s e n t a t i o n .  The f u l l  l i s t  was shown t h r e e  t im e s ,  r e s u l t i n g  

i n  63  o b s e r v a t io n s  o f  g ram m atica l  exem pla rs  w i th  a t o t a l  

o b s e r v a t io n  tim e o f  j u s t  o v e r  seven  m in u te s .  There was no 

c r i t e r i o n  o f  l e a r n i n g  e s t a b l i s h e d  and no re s p o n s e s  were 

made.

E x p er im en ta l  Group I -E  ( I m p l i c i t - E x p l i c i t ) .  These Ss 

were I n i t i a l l y  g iv e n  th e  same n e u t r a l  i n s t r u c t i o n s  a s  Group 

I  and shown th e  63  g ram m atica l  e x e m p la rs .  At th e  end o f  

t h i s  p e r io d  th e y  were p r e s e n te d  w i th  th e  e x p l i c i t  in fo rm a ­

t i o n  a b o u t  th e  grammar a s  o u t l i n e d  f o r  Group E.

E x p er im en ta l  Group E - I  ( E x p l i c i t - I m p l i c i t ) .  The Ss i n  

t h i s  group were i n i t i a l l y  p r e s e n te d  w i th  th e  e x p la n a t io n  o f  

th e  grammar a s  i n  Group E and th e n  o b se rved  th e  l i s t  o f  

g ram m atica l  symbol s t r i n g s ,  a s  i n  Group I .

E x p erim en ta l  Group I - E - I  ( I m p l i c i t - E x p l i c i t - I m p l i c i t ) .  

These Ss were i n i t i a l l y  g iv e n  Group I  I n s t r u c t i o n s  and shown 

th e  l i s t  o f  21 g ram m atica l  exem pla rs  tw ic e ,  th e n  th ey  were 

g iv e n  Group E t r a i n i n g ,  and th e n  viewed th e  l i s t  o f  exem plars  

a t h i r d  t im e .
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T e s t in g  P h a se . Upon c o m p le t io n  o f  th e  l e a r n in g  p hase  

each  S was e v a lu a te d  on h i s  a p p re h e n s io n  o f  th e  g ram m atica l  

r u l e s  by b e in g  r e q u i r e d  t o  d i s c r im i n a t e  g ram m atica l  from 

nongram m atica l i t e m s .  I t  was a t  t h i s  p o i n t  t h a t  Group I  

was Inform ed o f  th e  s t r u c t u r e d  n a tu r e  o f  th e  s t i m u l i ,  b u t  

no e x p la n a t io n  o f  th e  a c t u a l  g ram m atica l  r u l e s  was g iv e n .  

S t im u lu s  M a t e r i a l s . The t e s t  s t i m u l i  c o n s i s t e d  o f  50 

i t e m s ,  25 g ram m atica l  and 25 n o n g ram m atica l .  The 25 gramma 

t i c a l  i te m s  were s t r i n g s  o f  l e t t e r s  drawn from  th e  same 

grammar used  d u r in g  th e  t r a i n i n g  p e r i o d .  The 25 nongramma­

t i c a l  i te m s  a l l  c o n ta in e d  some v i o l a t i o n  o f  th e  grammar. 

Some i te m s  were formed random ly and c o n ta in e d  m u l t i p l e  v i o ­

l a t i o n s ;  a l l  o t h e r s  had o n ly  one , c l a s s i f i e d  a s  a f i r s t  

l e t t e r ,  l a s t  l e t t e r ,  s e c o n d - t o - l a s t  l e t t e r ,  o r  i n t e r n a l  

l e t t e r  v i o l a t i o n  (see  Appendix I I ) .  Each symbol s t r i n g  

c o n ta in e d  from t h r e e  to  e i g h t  l e t t e r s .

T e s t in g  P rocedure

A ll  g roups were ru n  u n d e r  th e  same p r o c e d u re .  The 

t e s t  i te m s  were shown one i te m  a t  a tim e and th e  S was 

r e q u i r e d  to  make a d e c i s i o n  a s  to  w h e ther  o r  n o t  th e  i te m  

conformed to  th e  r u l e s  o f  th e  grammar. S u b je c ts  p re s s e d  

a b u t to n  marked "yes"  f o r  g ram m atica l  i te m s  o r  "no" f o r  

nongram m atica l i t e m s .  No fe e d b a c k  was g iv e n  a b o u t  th e  

c o r r e c t n e s s  o f  t h e i r  c h o ic e  and th e  n e x t  i te m  was th e n  

p r e s e n t e d .
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The f u l l  l i s t  o f  50 t e s t  I tem s  was shown tw ice  ( d e s i g ­

n a te d  below as  T r i a l  1 and T r i a l  2 ) ,  w i th  a t h r e e  m inute  

b re a k  In  betw een th e  two t r i a l s .  A ll Ss were Inform ed o f  

th e  e q u a l  p r o p o r t i o n s  o f  g ram m atica l  and nongram m atica l 

I t e m s .

B e s id es  a c c u ra c y ,  m easures o f  re s p o n se  l a t e n c y  and 

c o n f id e n c e  l e v e l  were o b ta in e d  In  o r d e r  t o  a s c e r t a i n  th e  

r e le v a n c e  o f  d i f f e r e n t  e f f e c t s  and re sp o n se  modes u sed  by 

th e  Ss. No tim e c o n s t r a i n t s  were p la c e d  on th e  Ss and they  

were n o t  in form ed t h a t  re sp o n se  l a t e n c i e s  were b e in g  r e c o r d ­

e d .  Response l a t e n c i e s  were c o n s id e re d  t o  o f f e r  a s e n s i t i v e  

m easure o f  d i s c r i m i n a t i n g  betw een Ss who were g o in g  th ro u g h  

th e  e x p l i c i t l y  encoded r u l e s  from th o se  who responded  by 

sc an n in g  th e  t o t a l  p a t t e r n .

A f te r  t h e i r  "y es"  o r  "no" re sp o n se  was made, Ss were 

r e q u e s te d  to  g iv e  t h e i r  l e v e l  o f  c o n f id e n c e  in  t h e i r  

answ er on a f i v e  p o i n t  s c a l e ,  w i th  a f i v e  i n d i c a t i n g  maximum 

c o n f id e n c e  i n  th e  c o r r e c t n e s s  o f  t h e i r  c h o ic e .

A f te r  co m p le t io n  o f  th e  d i s c r i m i n a t i o n  t a s k ,  t h e r e  was 

a p o s t - e x p e r im e n ta l  d e - b r i e f i n g  and in te r v ie w  i n  which Ss 

were q u e s t io n e d  a b o u t  knowledge o f  th e  g ram m atica l  r u l e s ,  

aw areness  o f  t h e i r  own ru le -g o v e rn e d  b e h a v io r ,  r e s p o n s e  mode 

u s e d ,  e t c .

A p p a ra tu s . The s t im u lu s  i te m s  were a r ra n g e d  i n  a 

programmed sequence  and p r o j e c t e d  on to  a s c re e n  by means of 

an au to m ate d ,  Kodak C aro use l  Model No. 8 0 0 . Hie c y c le  was
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s e t  a t  e i g h t  seco n d s , r e s u l t i n g  in  a p p ro x im a te ly  seven 

seconds o f  ex p o su re  tim e  and a one second i n t e r - i t e m  

i n t e r v a l .

D uring th e  t e s t  p h a se ,  th e  s t i m u l i  were p r e s e n te d  

m anua lly  one a t  a tim e and remained on th e  s c re e n  u n t i l  

a re s p o n se  was made. Response l a t e n c i e s  were re c o rd e d  

a u to m a t i c a l l y  a s  soon a s  th e  re sp o n se  b u t to n  was p re s s e d  

by th e  S.

S u b j e c t s . S u b je c ts  were s e v e n ty - f iv e  (75) u n d e r ­

g r a d u a te s  s e l e c t e d  from psychology  c o u rs e s  and random ly 

a s s ig n e d  to  one o f  th e  e x p e r im e n ta l  o r  c o n t r o l  g ro u p s ,  

y i e l d i n g  f i f t e e n  (15) s u b j e c t s  i n  each  g roup .
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In  t h i s  s e c t i o n  th e  o v e r a l l  e f f e c t s  w i l l  be a n a ly z e d  

f i r s t ,  w i th  a " f i n e - g r a i n e d "  a n a l y s i s  to  f o l lo w :

Accuracy

Table  1 l i s t s  th e  group means f o r  th e  p r o b a b i l i t y  o f 

a c o r r e c t  re s p o n se  (P (c ) )  f o r  a l l  100  d i s c r i m i n a t i o n  t e s t  

i tem s  and the  breakdown o f  th e  two t r i a l s  o f  50 i t e m s .  An

a n a l y s i s  o f  v a r i a n c e  (Table 2) showed one s i g n i f i c a n t  

e f f e c t :  g ro u p s ,  F (4 ,7 0 )  = 5.23# p ( . 0 1 .  T r i a l s ,  F ( l , 7 0 )  ■ 

2 . 6 7 ,  and g ro u p s  x t r i a l s  i n t e r a c t i o n ,  F (4 ,7 0 )  - 1 . 4  did 

no t  r e a c h  s i g n i f i c a n c e .

An a n a l y s i s  o f  th e  group means r e v e a le d  t h a t  th e  

d i f f e r e n c e s  among th e  t h r e e  e x p e r im e n ta l  g ro u p s  were no t 

h ig h ly  s i g n i f i c a n t .  Group E - l ( . 7 6 )  was b e t t e r  th an  e i t h e r  

Groups I-E  ( .7 0 )  o r  I - E - I  ( .7 1 )  b u t  o n ly  th e  d i f f e r e n c e  

be tw een  Groups E - I  and I -E  was s i g n i f i c a n t ,  t ( 2 8 )  * 3.7# 

p ^ . 0 0 1 .  Thus, th e  e x p l i c i t  i n f o rm a t io n  g iv e n  b e f o r e  

exam ples o f  th e  g ram m atica l s u b s e t s  were 3hown r e s u l t e d  i n

g r e a t e r  l e a r n i n g  th an  when i t  was g iv e n  d u r in g  o r  a f t e r .  

The e f f e c t  on th e s e  l a t t e r  g roups appeared  t o  r e s u l t  in  a 

d i s r u p t i o n  i n  l e a r n in g  t h a t  was somewhat s t r o n g e r  when Ss 

had a l r e a d y  b u i l t  up t h e i r  own i m p l i c i t  model and were 

th en  g iv e n  th e  a c t u a l  g ram m atica l  model w i th o u t  b e in g  

exposed  to  a d d i t i o n a l  exem pla rs  (Groups I -E  and I - E - I ) .
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T h is  p o i n t  w i l l  be  deve loped  in  more d e t a i l  i n  th e  d i s c u s ­

s io n  s e c t i o n .

l a t e n c y

The group means a re  shown i n  Table 3 . An a n a l y s i s  o f  

v a r i a n c e  (Table 4 )  showed two s i g n i f i c a n t  e f f e c t s :  g ro u p s ,

P (4 ,7 0 )  -  5 .9 5 ,  p < . 0 1 ,  and t r i a l s ,  P (1 ,7 0 )  -  2 6 .9 2 ,  p <  

.0 0 1 .  There was no s i g n i f i c a n t  g roup x t r i a l  i n t e r a c t i o n ,

P (4 ,7 0 )  -  1 .3 .

Here, as p r e d i c t e d ,  the  two c o n t r o l  g roup s  d i f f e r e d  

from  each  o th e r  s i g n i f i c a n t l y ,  t  (2 8 ) = 4 .3 2 ,  p ^ . 0 0 1 .

The i m p l i c i t  g roup  ach iev e d  the  s h o r t e s t  l a t e n c i e s ,  s u g g e s t ­

in g  t h a t  th e  S s 1 re sp o n se  mode was one o f  scan n in g  a c ro s s  

th e  t o t a l  p a t t e r n ;  the  l a t e n c i e s  o f  th e  e x p l i c i t  group were 

th e  lo n g e s t  o f  a l l  s in c e  th ey  c o u ld  on ly  t e s t  th e  encoded 

r u l e s  o f  th e  grammar in  an  e x p l i c i t  f a s h i o n .  Thus, th e  

r e s p o n s e  mode u s e d  by th e  e x p e r im e n ta l  g ro u p s  cou ld  be 

i n f e r r e d  from t h e i r  l a t e n c y  s c o r e s .

There were no s i g n i f i c a n t  d i f f e r e n c e s  i n  re sp o n se  

l a t e n c y  among th e  e x p e r im e n ta l  g ro u p s .  However, a s  w i th  the  

a c c u ra c y  m easure , the  t r e n d  was th e  same; Group E - I  ach iev e d  

th e  s h o r t e s t  l a t e n c i e s ,  w i th  Groups I - E - I  and I-E  fo l lo w in g .  

The in f e r e n c e  from  th e s e  d a ta  I s  t h a t  Group E - I ,  which a l s o  

d i f f e r e d  s i g n i f i c a n t l y  from  Group E, t  (28) * 3 .7 2 ,  p {'.OOl, 

was o p e ra t in g  i n  a more i m p l i c i t  re s p o n se  mode, Group I -E  in  

an  e x p l i c i t  r e s p o n s e  mode and Group I - E - I  p r e s e n te d  a mixed
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p i c t u r e .

The o n ly  o t h e r  s i g n i f i c a n t  e f f e c t  was t r i a l s  and t h i s  

r e s u l t  was n o t  e n t i r e l y  u n e x p e c te d .  Although a l a r g e  ma­

j o r i t y  o f  Ss r e p o r t e d  t h a t  th e y  were n o t  aware t h a t  th e  same 

l i s t  was shown tw ic e ,  a p r a c t i c e  e f f e c t  i s  n o t  u n l i k e l y .  

However, w h ile  th e  re sp o n se  l a t e n c i e s  f o r  a l l  o f  th e  g roups 

d e c re a se d  from T r i a l  1 to  T r i a l  2 , t h e r e  were no d i f f e r e n c e s  

l a r g e  enough betw een th e  means o f  any one group to  re a c h  

s i g n i f i c a n c e .

In a d d i t i o n ,  th e  d i s t r i b u t i o n s  o f  l a t e n c i e s  f o r  a 

v a r i e t y  o f  c o n d i t i o n s  were compared w i th  each  o t h e r  i n  

o r d e r  to  d e te rm in e  w h e th e r  Ss d i s p l a y e d  d i f f e r e n t i a l  r e s ­

ponse  t im es  f o r  d i f f e r e n t  c o n d i t i o n s .  The f o l lo w in g  

com parisons  y ie ld e d  s i g n i f i c a n t  d i f f e r e n c e s  In  th e  l a t e n c y  

d i s t r i b u t i o n s  ( a l l  t e s t s  were Kolmogorov-Smirnov t e s t s ) .

A ll o f  th e  g ro u p s  e x c e p t  Group I - E - I  had s i g n i f i c a n t l y  

s h o r t e r  l a t e n c i e s  on th e  i te m s  th ey  responded  to  c o r r e c t l y ;  

t h a t  i s ,  g|G and NG^NG p ro duced  f a s t e r  re s p o n se  t im es  th an  

GlNG and NG|G ( a l l  p ' s  ^ . 0 5 ) .  These t e s t s  were c a r r i e d  o u t  

i n  o r d e r  t o  f u r t h e r  r e f i n e  any o v e r a l l  f i n d in g s  on th e  c o r ­

r e l a t i o n a l  a n a l y s i s  betw een l a t e n c y  and a c c u ra c y .  These 

r e s u l t s  would ten d  t o  s u p p o r t  one o f  th e  a ssu m p tio n s  o f  th e  

s im p le  d e t e c t i o n  model d i s c u s s e d  below w h ere in  i t  i s  

assumed t h a t  Ss e i t h e r  "know" th e  g ram m atica ln e ss  o f  a g iven  

i te m  o r  th ey  g u e s s .  I t  I s  a r e a s o n a b le  e x te n s io n  t o  assume 

t h a t  such g u e s se s  would p ro duce  lo n g e r  l a t e n c i e s .  While
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t h i s  main e f f e c t  was n o t  found t o  be s t a t i s t i c a l l y  s i g n i f i ­

c a n t  f o r  Group I - E - I ,  th e  r e s u l t s  were s t r o n g ly  s u g g e s t iv e  

o f  th e  same t r e n d .

The o n ly  o t h e r  s i g n i f i c a n t  f i n d in g  was t h a t  Groups 

I -E  and E b o th  showed s h o r t e r  re sp o n se  t im es  when e r r o n e ­

o u s ly  re sp o n d in g  "g ra m m a tic a l" ,  i . e . ,  G^NG, th a n  when 

e r ro n e o u s ly  re sp o n d in g  "n o n g ram m atica l" ,  i . e . ,  NG|G. Group 

I - E - I  was a l s o  u n u su a l  I n  t h a t  a l l  "g ram m atica l"  re s p o n se s  

were s i g n i f i c a n t l y  f a s t e r  th a n  "nong ram m atica l" ,  r e g a r d l e s s  

o f  c o r r e c t n e s s  ( p ^  . 0 5 ) .

Confidence Level

There were no d i f f e r e n c e s  among any of th e  g ro u p s  on 

th e  l e v e l  o f  c o n f id e n c e  m easu re . While i n d iv i d u a l  s t y l e s  

seemed to  v a ry  w i th in  each  g roup , th e  av e rag e  r e s u l t  f o r  a l l  

g roup s  was a p p ro x im a te ly  3 .5  on a 5 p o i n t  s c a l e .

C o r r e l a t i o n s

A c o r r e l a t i o n  m a t r ix  was done f o r  each  group u s in g  

a l l  re s p o n se  m ea su re s :  a c c u ra c y ,  l a t e n c y  and l e v e l  o f  co n ­

f id e n c e  (Table 5 ) .  Only two s i g n i f i c a n t  c o r r e l a t i o n s  were 

fo u n d . Hie f i r s t  was a n e g a t iv e  c o r r e l a t i o n  ( r  » - . 4 8 ,

P ^ . 0 5 )  betw een a c c u ra c y  and c o n f id e n c e  l e v e l  i n  Group I -E ,  

where th e  Ss w i th  th e  h i g h e s t  l e v e l s  o f  r e p o r t e d  th e

lo w e s t  c o n f id e n c e  l e v e l s .  The s h i f t  i n  re sp o n se  mode from 

i m p l i c i t  t o  e x p l i c i t  may a c c o u n t  f o r  t h i s  r e s u l t .
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O th e r  c o r r e l a t i o n s  betw een a c c u ra c y  and c o n f id e n c e  

l e v e l ,  w h ile  on ly  a p p ro a c h in g  s i g n i f i c a n c e ,  d id  i n d i c a t e  a 

more e x p e c te d  t e n d .  E x p er im en ta l  g rou ps  E - I  and I - E - I  

3howed a p o s i t i v e  c o r r e l a t i o n  betw een a c c u ra c y  and c o n f i ­

dence l e v e l ,  which was i n  k eep in g  w ith  th e  r e s u l t s  u s u a l l y  

found i n  s t u d i e s  o f  t h i s  ty p e .  As w i l l  be e n la rg e d  upon 

i n  th e  I n t r a g ro u p  A n a ly s is  below , th e  r e s u l t s  o f  a s i n p l e  

s i g n a l  d e t e c t i o n  c h i - s q u a r e  a n a l y s i s  show no i n d i c a t i o n  

t h a t  Ss i n  th e  e x p e r im e n ta l  g ro ups  were u s in g  o t h e r  th a n  a 

p a r t i a l  r e p r e s e n t a t i o n a l  model o f  th e  grammar to  some 

d e g re e .

The second s i g n i f i c a n t  c o r r e l a t i o n  was a n e g a t iv e  c o r ­

r e l a t i o n  ( r  s - . 4 6 ,  p ^ .0 5 )  betw een l a t e n c y  and a c c u ra c y  in  

Group I ,  s u g g e s t in g  t h a t  th e  i m p l i c i t  mode, where e f f e c t i v e ,  

p ro d u ce s  a tend ency  f o r  r a p id  a p p re h e n s io n  o f  t o t a l  p a t t e r n s .  

However, i n  g e n e r a l ,  few s i g n i f i c a n t  c o r r e l a t i o n s  em erged.

Gram m atical (G) and Nongrammatical (NG) Responses

Table  6 g iv e s  a breakdown o f  th e  t e s t - t r i a l  d a ta  

a c c o rd in g  to  r e s p o n s e s  to  th e  G and NG i te m s .  These d a ta  

g iv e  a more f i n e - g r a i n e d  a n a l y s i s  o f  th e  a c c u ra c y  r e s u l t s  

d e s c r ib e d  abo ve . The most s a l i e n t  f e a t u r e s  h e re  a r e  th e  

s i m i l a r i t y  between th e  t o t a l  number o f  G and NG re s p o n se s  

f o r  th e  t h r e e  e x p e r im e n ta l  g roup s  and c o n t r o l  Group I ,  

showing la c k  o f  re s p o n se  b i a s e s ,  and th e  h ig h ly  s i g n i f i c a n t  

NG re sp o n se  b i a s  i n  c o n t r o l  Group E ( p ^ . O O l ) .
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E r r o r  A n a ly s is

The above a n a ly s e s ,  o f  c o u r s e ,  o n ly  t r e a t  p a r t  o f  th e  

d a t a .  Also o f  I n t e r e s t  a r e  th e  e r r o r  p a t t e r n s  e x h ib i t e d  by 

th e  Ss. The fo l lo w in g  a n a ly s e s  b re a k  down S s 1 i n c o r r e c t  

a s s ig n m e n ts  t o  g ram m atica l  and nongram m atica l i t e m s .

Gram m atical I tem s

The p r o p o r t i o n  c o r r e c t  r e s p o n s e s  to  each  o f  th e  f i v e  

s e n te n c e  ty p e s  (see  Page 30) g e n e ra te d  by th e  grammar were 

exam ined . Note t h a t  a t  l e a s t  s u p e r f i c i a l l y  i t  would seem 

t h a t  Type I  i te m s  ought to  be d e t e c t a b l e  a s  g ram m atica l  more 

e a s i l y  th an  th e  o t h e r  f o u r  s in c e  they  c o n ta in  a maximum o f  

one lo o p ,  w hereas th e  o th e r s  c o n ta in  up t h  t h r e e .  I n t e r e s t ­

i n g l y ,  t h i s  e f f e c t  was n o t  e v i d e n t .  Among th e  e x p e r im e n ta l  

g ro u p s  and c o n t r o l  Group I  t h e r e  were no s i g n i f i c a n t  d i f f e r ­

en ce s  i n  d e t e c t i o n  o f  g r a m m a t ic s l i ty  by i te m  ty p e .  The o n ly  

e f f e c t  found h e re  was i n  c o n t r o l  Group E where Type I I I  

I tem s were s i g n i f i c a n t l y  l e s s  f r e q u e n t ly  d e te c t e d  th a n  o t h e r  

t y p e s ,  t  ( l 4 )  » 2 .7 4 ,  p ^ . 0 1 .

In  g e n e r a l ,  i t  seems c l e a r  t h a t  S s 1 cod in g  sys tem s 

a r e  n o t  based upon th e s e  s p e c i f i c  " se n te n c e "  t y p e s .  TMs 

r e s u l t  i s  I n  k e ep in g  w ith  e a r l i e r  f i n d in g s  (R eber, 1967) a nd 

a rg u e s  a g a i n s t  M i l l e r ' s  (1958) n o t io n  t h a t  th e  a c q u i s i t i o n  

o f  s y n t h e t i c  grammars i s  based  upon a chunk ing  a c c o rd in g  to  

s e n te n c e  t y p e s .
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N ongram m atical Item s

As m entioned  above , the  nongram m atica l I te m s  were 

c o n s t r u c t e d  by I n t r o d u c in g  s p e c i f i c  v i o l a t i o n s  o f  th e  s y n ­

t a x ,  Hie p r im a ry  i n t e r e s t  h e re  was i n  th e  p o s i t i o n  where 

th e  v i o l a t i o n s  o c c u r re d ;  t h a t  i s ,  f i r s t  l e t t e r ,  l a s t  l e t t e r ,  

n e x t  t o  l a s t  l e t t e r  and i n t e r n a l  l e t t e r  v i o l a t i o n s .  There  

were a l s o  a few i te m s  which were formed randomly and t h e r e ­

f o r e  c o n ta in e d  m u l t i p le  v i o l a t i o n s .

Not s u r p r i s i n g l y ,  th e s e  l a t t e r  i te m s  were e a s i e r  to  

d e t e c t  a s  no ng ram m atica l th an  th e  s i n g l e - v i o l a t i o n  i t e m s .  

M oreover, o f  th e  o t h e r s ,  t h e r e  tended  t o  be fe w e r  e r r o r s  on 

l a s t  l e t t e r  v i o l a t i o n s .  The g r e a t e s t  d i f f i c u l t y  was e x ­

p e r ie n c e d  i n  th e  d e t e c t i o n  o f  th e  i te m s  w ith  a v i o l a t i o n  i n  

an i n t e r n a l  p o s i t i o n ,  i n c lu d in g  th e  n e x t  to  l a s t  l e t t e r  

p o s i t i o n .  T hat i s ,  a k in d  o f  3 e r i a l  p o s i t i o n  e f f e c t  p e r ­

t a i n s  h e r e .  These r e s u l t s  a r e  s i m i l a r  t o  th o se  found i n  

e a r l i e r  s t u d i e s  w i th  th e  e x c e p t io n  o f  th e  n e x t - t o - l a s t  l e t t e r  

v i o l a t i o n  which had been  more d e t e c t a b l e  than  i n t e r n a l  

v i o l a t i o n s .

T ab le  7 shows th e s e  e f f e c t s  i n  f u l l  d e t a i l  by com paring  

th e  d e t e c t a b i l i t y  o f  each  of th e s e  f i v e  ty p es  o f  nongram m atic- 

a l i t y  w ith  each  o t h e r .  I t  may be n o ted  t h a t  Group I  shows th e  

l e a s t  e f f e c t  o f  i te m  ty p e s  which i s  n o t  s u r p r i s i n g  g iv e n  t h e i r  

o v e r a l l  p o o r e r  p e rfo rm a n c e .

These r e s u l t s ,  a l th o u g h  complex, ag ree  w i th  th e  f i n d ­

i n g s  o f  R eber e t  a l  ( in  p r e p a r a t i o n ) .  In  t h a t  s tu d y ,  where
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Ss were r e q u i r e d  t o  so lv e  anagram s based upon th e  grammar, 

th e  more i n v a r i a n t  f e a t u r e s  such a s  the an ch o r  l e t t e r s  were 

p o s i t io n e d  c o r r e c t l y  more f r e q u e n t ly  th a n  th e  i n t e r n a l  

l e t t e r s .

I tem  Length

Again, s u p e r f i c i a l l y ,  one might e x p e c t  t h a t  the  l e n g th  

o f  an  i te m  ought to  be a s i g n i f i c a n t  v a r i a b l e .  However, th e  

d a ta  do n o t  r e v e a l  any su ch  e f f e c t .  I tem  le n g th  was n o t  a 

s i g n i f i c a n t  f a c t o r  i n  a c c u r a t e  re sp o n d in g  on th e  d i s c r i m i n a ­

t i o n  t a s k .  As i s  a rgued  below, th e  la c k  o f  an e f f e c t  h e re  

can be i n t e r p r e t e d  a s  e v id en ce  o f  a h o l i s t i c  p r o c e s s  o f 

p a t t e r n  a p p re h e n s io n .

There  was one s i g n i f i c a n t  e f f e c t  h e r e :  two groups 

(E -I  and E) showed s i g n i f i c a n t l y  h ig h e r  e r r o r  r a t e s  on f o u r  

l e t t e r  i te m s  th an  on o t h e r  i tem  le n g th s  t ( l 4 )  -  2 .2 3 ,  p (  .05 

and (14) « 2 .7 4 ,  p ( . 0 1 .  This r e s u l t  i s  presumed to  be an  

anomaly and t h e r e  i s  no obv ious i n t e r p r e t a t i o n .

I n t r a g r o u p  A n a ly s is  o f Response P r o b a b i l i t i e s

An i te m  by i tem  a n a l y s i s  o f  the two p r e s e n t a t i o n s  o f  

each  i te m  was c a r r i e d  o u t  in  o r d e r  to  i n v e s t i g a t e  the  a p p ro ­

p r i a t e n e s s  o f th e  cod ing  system  used  by th e  Ss i n  th e  

v a r io u s  g ro u p s .  C onside r  the  f o l lo w in g  a s s u m p t io n s :  ( l )  an 

S knows th e  g ram m atica ln e ss  of th e  1th  i t e m  w ith  p r o b a b i l i t y  

k ( i )  and does n o t  know i t  w ith  p r o b a b i l i t y  l - k ( i ) ;  (2) when
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he d o e s  n o t  know, he g u e s se s  c o r r e c t l y  w ith  p r o b a b i l i t y  g and 

i n c o r r e c t l y  w i th  p r o b a b i l i t y  1 -g .  S ince each  i te m  was p r e ­

se n te d  tw ice  and t h e r e  was no fe e d b a c k ,  t h e r e  a r e  f o u r  

p o s s i b l e  outcomes f o r  each  i te m :  (a )  c o r r e c t  on b o th  

p r e s e n t a t i o n s ,  (b) c o r r e c t  on th e  f i r s t ,  an e r r o r  on th e  

second ( c ) an  e r r o r  on th e  f i r s t ,  c o r r e c t  on th e  second , and 

(d) e r r o r  on b o th .  Ihe  fo l lo w in g  e q u a t io n s  d e s c r i b e  th e s e  

f o u r  p o s s i b i l i t i e s :

P(CC) = k + ( l - k ) g 2 

P(CE) « P(EC) « ( l - k ) g ( l - g )

P(EE) -  ( i - k ) ( l - g ) 2  

where k i s  th e  a v e rag e  o f  a l l  k ^ s  and g * . 5 .  These equ a­

t i o n s  d e s c r i b e  what i s  p ro b a b ly  th e  s im p le s t  d e t e c t i o n  model 

p o s s i b l e .  On each  t r i a l  th e  S e i t h e r  knows th e  g ra m m a t ic a l ­

n e ss  o f  th e  i te m  o r  he does n o t ,  and when he does n o t ,  he 

g u e s s e s .  The a c t u a l  v a lu e  o f  any one o f  th e  e q u a t io n s  can  

be r e a d  from th e  d a ta  and u sed  to  e s t im a te  k .  Hie v a lu e s  

l i s t e d  i n  Table  8 were o b ta in e d  by u s in g  th e  e m p i r ic a l  v a lu e s  

o f  P(CC) to  p r e d i c t  th e  v a lu e s  o f  P(CE), P(EC), and P(EE).

For th e  e x p e r im e n ta l  g ro u p s  th e  f i t  i s  f a i r l y  good; in  

each  c a s e 7 (  2 f e l l  s h o r t  o f  s i g n i f i c a n c e .  With N •  1500 th e  

power o f  th e  t e s t  i s  q u i t e  h ig h  and th e  la c k  o f  c l e a r  s t a t i s ­

t i c a l  s i g n i f i c a n c e  le n d s  s u p p o r t  t o  th e  m odel. However, f o r  

b o th  o f  th e  c o n t r o l  g ro u p s  th e  e f f e c t  was s i g n i f i c a n t  beyond 

th e  p ^ . 0 0 1  l e v e l ,  s u g g e s t in g  th e  u se  o f  n o n - r e p r e s e n t a t i o n a l  

s t r a t e g i e s  by th e  Ss i n  th e s e  g ro u p s .
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In  o r d e r  t o  c l a r i f y  th e s e  r e s u l t s ,  two o t h e r  im p l i c a ­

t i o n s  o f  th e  model must be c o n s id e r e d :  (a )  an  S n e v e r  i n ­

c o r r e c t l y  t h in k s  he knows th e  g ra m m a tic a ln e ss  o f  an  i tem  and 

( b ) an  S knows th e  g ra m m a tic a ln e ss  o f  th e  i ^ h i te m  w ith  a 

p r o b a b i l i t y  c o n s t a n t  a c r o s s  a l l  i ,  r e g a r d l e s s  o f  th e  ch a ­

r a c t e r i s t i c s  o f  th e  i te m  and r e g a r d l e s s  o f  w h e th e r  o r  no t 

he has seen  the  i te m  b e f o r e .  The f i r s t  o f  th e s e  im p l i c a ­

t i o n s  i s  r e l a t e d  to  th e  p r e d i c t i o n  t h a t  th e  p r o p o r t io n s  o f  

i te m s  w i th  two e r r o r s  sh o u ld  be e q u a l  t o  th e  p r o p o r t io n s  o f  

i te m s  w i th  only  one e r r o r .  I t  i s  o f  i n t e r e s t  because  i t  

l o g i c a l l y  p r e c lu d e s  th e  u se  o f  any s t r a t e g y  which was n o t  

iso m o rp h ic  w ith  th e  grammar, s in c e  any such s t r a t e g y  would 

f o r c e  i te m s  i n t o  th e  (EE) c a te g o ry  and i n f l a t e  i t  beyond 

(CE) and (EC). The model, th en  d e r i v e s  f u r t h e r  s u p p o r t  a s  

a c h a r a c t e r i z a t i o n  o f  th e  t h r e e  e x p e r im e n ta l  g ro u p s  from 

th e  f a c t  th e  P(EE) i s  n o t  s i g n i f i c a n t l y  g r e a t e r  th a n  e i t h e r  

P(CE) o r  P(EC) i n  th e s e  c a s e s .

Thus, a l th o u g h  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  

betw een th e  a c c u ra c y  and c o n f id e n c e  l e v e l  m easures  were n o t  

o b ta in e d ,  i t  seems s a f e  t o  assume t h a t  th e  Ss i n  th e  e x p e r i ­

m en ta l  g ro u p s  were u s in g  s t r a t e g i e s  r e p r e s e n t a t i v e  o f  th e  

a c t u a l  grammar. However, th e  i n a p p r o p r i a t e n e s s  o f  th e  model 

f o r  th e  i m p l i c i t  c o n t r o l  g roup  was n o t  i n  k e ep in g  w ith  th e  

r e s u l t s  o f  p r e v io u s  s t u d i e s .  Hie s t r o n g  i m p l i c a t i o n  i s  t h a t  

th e  U3e o f  the  o b s e r v a t io n  te c h n iq u e  f o r  i n i t i a l  l e a r n in g
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Summary o f  Major R e s u l ts

1 . Group E - I  Ss showed th e  b e s t  a p p re h e n s io n  o f  

th e  grammar. They were s i g n i f i c a n t l y  b e t t e r  a t  e v a lu a t in g  

g ra m m a tic a ln e ss  th a n  th o se  o f  Group I -E ,  a s  w e l l  a s  b o th  

c o n t r o l  g ro u p s .  There was, however, no r e l i a b l e  d i f f e r e n c e  

betw een Groups I - E - I  and I -E .

2 .  Group E - I  a l s o  d i s p la y e d  th e  s h o r t e s t  re sp o n se  

l a t e n c i e s  among th e  t h r e e  e x p e r im e n ta l  g roup s  a l th o u g h  th e  

d i f f e r e n c e s  betw een them d id  n o t  r e a c h  s t a t i s t i c a l  s i g n i ­

f i c a n c e .  Group E - I  d id  d i f f e r  s i g n i f i c a n t l y  from Group E, 

th e  e x p l i c i t  c o n t r o l  g ro u p .  Group I ,  the  i m p l i c i t  c o n t r o l ,  

a l s o  d i f f e r e d  s i g n i f i c a n t l y  from  Group E, s u g g e s t in g  a 

b a s i c  s i m i l a r i t y  betw een Groups E - I  and I  i n  th e  p a t t e r n  

o f  l a t e n c i e s  th ey  e x h i b i t e d .  1hi3 r e s u l t  f u r t h e r  s u g g e s t s ,  

a l th o u g h  w eak ly , t h a t  th e  two g roup s  were u s i n g  a s i m i l a r  

re sp o n se  mode which i s  c h a r a c t e r i z e d  a s  a sc a n n in g  o f  the  

t o t a l  p a t t e r n .  This i n t e r p r e t a t i o n  does r e c e iv e  su p p o r t  

from  Ss ' i n t r o s p e c t i v e  s e l f - r e p o r t s  a f t e r  th e  c o n c lu s io n  o f  

th e  e x p e r im e n t .

3 .  The p a r a l l e l  i m p l i c a t i o n  ( a l s o  weak) i s  t h a t  

th e  o t h e r  t h r e e  g ro u p s ,  I -E ,  I - E - I ,  and E, were u s in g  a more

2B e ins  ( a l s o  i n  p r e p . )  found t h i s  u n c h a r a c t e r i c a l l y  
h ig h  P(EE) w ith  Ss who l e a r n e d  i n i t i a l l y  u s in g  th e  o b s e r ­
v a t i o n  t e c h n iq u e .
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e x p l i c i t  r e sp o n se  mode, which would le a v e  them to  d e a l  w ith  

t h e  s t i m u l i  by making e f f o r t s  t o  a n a ly z e  t h e i r  g ram m atica -  

l i t y  by '’f i l t e r i n g "  them th ro u g h  more e x p l i c i t  r u l e  sy s te m s . 

Once a g a in ,  p o s t - e x p e r im e n ta l  in te r v ie w s  ten d  to  su p p o r t  

t h i s  g e n e r a l i z a t i o n  a l th o u g h  i t  shou ld  be re c o g n iz e d  t h a t  

i t  i s  an i n f e r e n c e  t h a t  i s  su g g e s te d  w ith  c a u t io n  and the  

d a ta  do n o t  unam biguously  su p p o r t  such  an i n t e r p r e t a t i o n .

4 .  The perfo rm ance  o f  th e  c o n t r o l  g roups was as 

p r e d i c t e d .  Group E had the  lo n g e s t  l a t e n c i e s  w ith  r e l a t i v e l y  

p o o r  a c c u ra c y ,  w h ile  Group I  had th e  s h o r t e s t  l a t e n c i e s  a lo n g  

w i th  r e l a t i v e l y  p o o r  a c c u ra c y .  The P^c ) r e s u l t  f o r  Group I  

was low er th an  e x p e c te d ,  however, and r a i s e s  th e  q u e s t io n  o f  

th e  e f f e c t i v e n e s s  o f  th e  o b s e r v a t io n  method a s  a t r a i n i n g  

te c h n iq u e  w ith  such complex l e a r n i n g .  This p o i n t  i s  p u r ­

sued  i n  more d e t a i l  i n  a l a t e r  s e c t i o n .

5 .  In  th e  a n a ly s e s  o f  Ss ' e r r o r  p a t t e r n s ,  th e  

f i n d in g s  were t h a t  (a )  w ith  th e  e x c e p t io n  o f  Group E, P (c ) 

was n o t  d i f f e r e n t  a c r o s s  th e  f i v e  ty p e s  o f i te m s ;  (b) w i th  

th e  e x c e p t io n  o f  th e  f o u r - l e t t e r  s t r i n g s  f o r  two g ro u p s ,  

i t e m  le n g th  was n o t  a s i g n i f i c a n t  f a c t o r ,  and (c) P (c ) was 

h i g h e s t  on randomly formed i te m s  and i te m s  w i th  l a s t  l e t t e r  

v i o l a t i o n s ,  w h ile  i n t e r n a l  v i o l a t i o n s  showed th e  lo w e s t

p (c)*
6 .  There were no d i f f e r e n c e s  among g roups i n  

c o n f id e n c e  l e v e l  and no h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n s  

among a c c u ra c y ,  re sp o n se  l a t e n c y  and c o n f id e n c e  l e v e l
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m e a su re s .  However, Groups E - I  and I - E - I  show a t r e n d  toward 

a p o s i t i v e  a c c u ra c y -c o n f ld e n c e  l e v e l  c o r r e l a t i o n  and t h i s  

was f u r t h e r  s u b s t a n t i a t e d  by th e  f a c t  t h a t  th e  s im ple  d e ­

t e c t i o n  model gave a good f i t  t o  a l l  o f  th e  e x p e r im e n ta l  

g ro u p s .  F u r th e r ,  w i th  r e g a rd  t o  th e  l a t e n c y  m easure , a l l  

g ro u p s  showed s i g n i f i c a n t l y  s h o r t e r  re sp o n se  t im e s  (ex c ep t  

f o r  Group I - E - I  which b a r e ly  f a i l e d  to  r e a c h  s i g n i f i c a n c e )  

on c o r r e c t  a s s ig n m e n ts  o f  g ra m m a t ic a I I ty ,  i n d i c a t i n g  t h a t  

l a t e n c y  m easures a r e  r e l a t e d  to  a c c u ra c y .

7 .  As s t a t e d  above , b o th  o f th e  c o n t r o l  g roups 

showed e v id e n ce  o f  more i d i o s y n c r a t i c  e r r o r  p a t t e r n s ,  I n ­

d i c a t i n g  th e  g r e a t e r  u se  o f  i n d i v i d u a l  s t r a t e g i e s .  The 

c l e a r  i m p l i c a t i o n  i s  t h a t  th e  t r a i n i n g  p ro c e d u re s  f o r  th e s e  

g ro u p s  were n o t  s u f f i c i e n t  f o r  a r i c h  enough a p p re h e n s io n  

o f  g ram m atica l  s t r u c t u r e .  Note t h a t  t h i s  f i n d in g  f o r  Group 

I  was n o t  a n t i c i p a t e d .
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There were s e v e r a l  im p o r ta n t  f e a t u r e s  o f  th e s e  

r e s u l t s ,  a l th o u g h  th e  d i f f e r e n c e s  among th e  e x p e r im e n ta l  

g ro ups  d id  n o t  a lw ays r e a c h  s t a t i s t i c a l  s i g n i f i c a n c e .  I t  

was q u i t e  c l e a r  t h a t  th e  most e f f i c i e n t  l e a r n in g  of th e  

complex s t r u c t u r e  was th ro u g h  a more d e d u c t iv e  method, 

i . e . ,  Group E - I .  In  i n t e r p r e t i n g  t h i s  r e s u l t  c e r t a i n  

p o i n t s  a r e  im p o r ta n t .  I n i t i a l l y ,  i t  shou ld  be re c o g n iz e d  

t h a t  th e  e x p l i c i t  e x p la n a t io n  o f  g ram m atica l  s t r u c t u r e  p r o ­

v id ed  to  th e  Ss i n  each  o f  th e  e x p e r im e n ta l  g roup s  was too  

c u r s o r y  and to o  b r i e f  to  a l lo w  f o r  com ple te  m em oriza tion  o f  

th e  s t r u c t u r e .  T his  i s  obv iou s  i n s o f a r  a s  none o f  th e  Ss 

a c h ie v e d  a p e r f e c t  pe rfo rm an ce  on th e  d i s c r i m i n a t i o n  t a s k ,  

which would have o c c u r re d  had th e  Ss accom plished  a com­

p l e t e  r e p r e s e n t a t i o n  o f  th e  u n d e r ly in g  s t r u c t u r e .  F h r th e r ,  

i t  i s  im p o r ta n t  t o  n o te  t h a t  none o f  th e  Ss had had p r e ­

v io u s  e x p e r ie n c e  w i th  th e s e  r a t h e r  " a l i e n "  s y n t h e t i c  

lan g u a g es  w i th  which th ey  were r e q u i r e d  to  o p e r a t e .  As a 

r e s u l t ,  i t  seems r e a s o n a b le  to  i n f e r  t h a t  th e  v iew ing  of 

g ram m atica l  exem pla rs  f o r  t h i s  d e d u c t iv e  g roup  (E -I )  

a c t u a l l y  se rv ed  a d u a l  f u n c t i o n .

In  th e  f i r s t  p l a c e ,  th e  p r e s e n t a t i o n  o f  th e  ex em p la rs  

p ro v id e d  a c l a r i f i a b l e  m a n i f e s t a t i o n  o f  th e  s y n t a c t i c  

s t r u c t u r e  t o  which th e y  had been ex p o sed . Second, th e  

o p p o r tu n i ty  t o  scan  g ram m atica l exem pla rs  can  be i n t e r ­
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p r e t e d  a s  a p e r io d  o f  r e h e a r s a l  whereby th e  Ss cou ld  im p le ­

ment the  model t h a t  had a l r e a d y  been p r e s e n t e d .

Thus the  E - I  o rd e r  a p p a r e n t ly  se rv ed  to  fo c u s  the  

i m p l i c i t  p r o c e s s e s  i n  th e  d i r e c t i o n  of th e  u n d e r ly in g  

a b s t r a c t i o n s  so t h a t  th e  a p p re h e n s io n  was more r e p r e s e n t a ­

t i v e  o f  th e  a c t u a l  grammar th an  i n  o t h e r  g ro u p s .  F u r th e r ,  

t h i s  p ro c e d u re  seemed to  r e s u l t  i n  a scan n in g  o f  th e  t o t a l  

p a t t e r n  when c o n fro n te d  w i th  the  t e s t  i t e m s ,  a s  ev idenced  

by s h o r t e r  l a t e n c y  r e s p o n s e s .  Thus, a lo n g  w ith  some p r i o r  

knowledge o f  the  u n d e r ly in g  s t r u c t u r e ,  th e  r o l e  o f  exem­

p l a r s  i n  complex l e a r n in g  a p p e a rs  t o  be a c r i t i c a l  one.

On th e  o t h e r  hand, th e  e x p la n a t io n  o f  th e  grammar 

a f t e r  th e  exem pla rs  had been  o b se rv ed  ( s p e c i f i c a l l y  h e re  

Group I -E )  ap p ea re d  i n  g e n e r a l  to  have a d i s r u p t i v e  e f ­

f e c t  on l e a r n i n g .  These Ss were i n i t i a l l y  g iv e n  n e u t r a l  

i n s t r u c t i o n s  and asked  t o  t r y  t o  remember a s  much a s  th ey  

co u ld  a b o u t  the  s t i m u l i  a s  they  were p r e s e n t e d .  The 

s t r o n g  s u g g e s t io n  i s  t h a t  th e  u se  o f  n e u t r a l  i n s t r u c t i o n s  

a t  th e  o u t s e t  o f  l e a r n in g  i n v i t e s  i n d i v i d u a l  s u b j e c t s  to  

ev o lv e  i d i o s y n c r a t i c  a b s t r a c t i o n s  o f  th e  u n d e r ly in g  s t r u c ­

t u r e .  Such a b s t r a c t i o n s  a r e  n o t  n e c e s s a r i l y ,  b u t  In d eed , 

would a lm o s t  u n i v e r s a l l y  be " i n a p p r o p r i a t e "  r e p r e s e n t a t i o n ­

a l  sys tem s i n s o f a r  a s  a grammar o f  th e  k in d  d is p la y e d  in  

F ig u re  1 i s  co n ce rn e d . The im p o r t ,  th e n ,  o f  th e  i n t r o d u c ­

t i o n  o f  th e  e x p l i c i t  p h ase  i n  th e  t r a i n i n g  program  would be 

t o  a c t  i n  a d i s r u p t i v e  and i n t e r f e r i n g  f a s h i o n .
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I t  a p p e a rs  t h a t  r a t h e r  th a n  u s in g  th e  e x p l i c i t  

i n f o rm a t io n  th e y  had r e c e iv e d  to  b o l s t e r  t h e i r  e x i s t i n g  

m odels , most Ss d i s c a r d e d  t h e i r  own model and r e l a t e d  o n ly  

to  th e  model they  were shown. T h is  threw  t h e i r  re sp o n se  

s e t  i n t o  th e  e x p l i c i t  mode a s  th ey  a t te m p te d  to  r e c r e a t e  

th e  e x a c t  model on th e  t r a n s f e r  t a s k .  Thus, Ss i n  Group 

I -E ,  where th e  d i s r u p t i v e  e f f e c t  would be maxim ized, d i s ­

p la y e d  the lo n g e s t  re sp o n se  l a t e n c i e s  o f  th e  e x p e r im e n ta l  

g ro u p s .

T his  d i s r u p t i v e  e f f e c t  was f u r t h e r  v a l i d a t e d  in  

t h a t  t h i3  Group I -E ,  a lo n g  w i th  th e  e x p l i c i t  c o n t r o l  

Group E, showed th e  g r e a t e s t  t r i a l  e f f e c t s  on th e  d i s c r i m i ­

n a t i o n  t a s k .  Since th e  c o n t r o l  g roup  had been g iv e n  on ly  

th e  e x p l i c i t  e x p la n a t io n ,  an  in c re m e n t  i n  c o r r e c t  re s p o n se s  

on T r i a l  2 would have to  r e f l e c t  some l e a r n in g .  The su g ­

g e s t i o n  i s  t h a t  th e s e  Ss were t r y i n g  to  u se  th e  t e s t  i te m s  

on T r i a l  1 a s  e x em p la rs .  Again, th e  Ss ' s e l f - r e p o r t s  were 

I n d i c a t i v e  o f  t h i s  i n t e r p r e t a t i o n .

I t  i s  i n t e r e s t i n g  t o  n o te ,  however, t h a t  w ith  

s e v e r a l  Ss i n  Group I -E ,  th e  e x p l i c i t  t r a i n i n g  d id  se rv e  an 

enh an c in g  f u n c t i o n .  With th e s e  Ss I t  app ea red  t h a t  t h e i r  

own model was e i t h e r  more f i r m ly  e s t a b l i s h e d  o r  was more 

r e p r e s e n t a t i v e  o f  th e  a c t u a l  grammar. Thus, h a v in g  d e ­

v e lo p e d  a more i m p l i c i t  model, th e  i n t r o d u c t i o n  o f  th e  

a c t u a l  r u l e s  r e s u l t e d  i n  a b le n d in g  o f  th e  u n d e r ly in g  r u l e  

sy s tem  and th e  u n d e r ly in g  a b s t r a c t i o n s  o f  th e  i n d i v i d u a l  S.
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Why t h i s  e f f e c t  d id  n o t  o c c u r  w i th  more Ss I n  t h i s  g roup may 

have been a f u n c t io n  o f  re sp o n se  s e t  a s  engendered  by th e  

i n s t r u c t i o n s  o r  th e  i n e f f i c i e n c y  o f  th e  o b s e r v a t io n  t e c h ­

n iqu e  which d id  n o t  a l lo w  f o r  s u f f i c i e n t  model b u i ld i n g  i n  

a l l  Ss.

In  a more r e c e n t  s tu d y  o f  i m p l i c i t  l e a r n in g  (Reber 

and K a ss ln ,  i n  p r e p . ) ,  t h i s  r o l e  o f  re sp o n se  s e t  was e x ­

p l o r e d .  Ihe  o b s e r v a t io n  te c h n iq u e  was a l s o  m o d if ied  so  t h a t  

r a t h e r  th a n  s im ply  o b s e rv in g  th e  s t i m u l i  i n  s e r i a l  p r e s e n t a ­

t i o n ,  th e  s t im u lu s  a r r a y  was l a i d  o u t  i n  f r o n t  o f th e  Ss.

The e x p e r im e n t  m an ip u la te d  two v a r i a b l e s :  ( l )  s t r u c t u r a l  

s a l i e n c e  o f  th e  s t im u lu s  a r r a y ,  i . e . ,  th e  a r r a y  o f  21 l e t t e r  

s t r i n g s  was a r ra n g e d  e i t h e r  randomly o r  a c c o rd in g  to  gramma­

t i c a l  type  such t h a t  a l l  exem p la rs  o f  typ e  I  were i n  Column 

1, a l l  o f  th o s e  o f  type  I I  In  Column 2 , e t c . ;  (2) i n s t r u c ­

t i o n a l  s e t ,  i . e . ,  Ss were e i t h e r  i n s t r u c t e d  to  lo o k  f o r  

s t r u c t u r e  o r  g iv e n  n e u t r a l  i n s t r u c t i o n s .  Of the  r e s u l t i n g  

f o u r  g ro u p s ,  th e  one which showed m arkedly  s u p e r i o r  p e r ­

form ance o v e r  th e  o t h e r  t h r e e  was th e  group which had b o th  

e x p l i c i t  i n s t r u c t i o n s  t o  s e a r c h  f o r  s t r u c t u r e  and th e  s t im u ­

lu s  a r r a y  which made th e  s t r u c t u r a l  f e a t u r e s  o f  th e  grammar 

h ig h ly  s a l i e n t .

The i m p l i c a t i o n  o f  th e s e  r e s u l t s  i s  t h a t  e x p l i c i t  

I n s t r u c t i o n s  t o  s e a rc h  f o r  s t r u c t u r e  may be an even  more 

complex v a r i a b l e  th a n  p r e v i o u s ly  supp osed . The c r i t i c a l  

I s s u e  seems to  be an i n t e r a c t i o n  betw een i n s t r u c t i o n s  to
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s e a r c h  f o r  s t r u c t u r e  and th e  a m e n a b i l i ty  o f  th e  s t im u lu s  a r r a y  

to  be c o g e n t ly  an a ly ze d  f o r  such s t r u c t u r e .  The d i f f i c u l t y  

w i th  th e  ex p er im e n t  upon which t h i s  d i s s e r t a t i o n  i s  b a se d ,  a s  

w e l l  a s  o t h e r  work (Reber, i n  p r e p . ) ,  i s  t h a t  s t im u lu s  ma­

t e r i a l s  have been p r e s e n te d  in  a random s e r i a l  o rd e r  such t h a t  

th e  s a l i e n t  f e a t u r e s  o f  th e  grammar a r e  d i s t i n c t l y  l e s s  th a n  

o b v io u s .  Under such c o n d i t i o n s  I n s t r u c t i o n s  t o  s e a rc h  f o r  

r u l e s  i s  c l e a r l y  d e t r i m e n t a l ;  however, such i s  n o t  th e  c ase  

i n  th e  s tu d y  by Reber and K ass in .

The Ss i n  Group I - E - I ,  where th e  e x p l i c i t  in fo rm a ­

t i o n  was in t r o d u c e d  i n  th e  m iddle  o f  th e  l e a r n in g  p h a se ,  

a l s o  responded  w i th  s l i g h t l y  g r e a t e r  a c c u ra c y  and s h o r t e r  

l a t e n c i e s  th a n  Group I -E .  In  t h i s  c a s e ,  th e  Ss had o b ­

se rv ed  th e  l i s t  o f  21 g ram m atica l  exem pla rs  tw ice  and th en  

a f t e r  th e  e x p la n a t io n  o f  th e  r u l e s ,  saw the  e n t i r e  l i s t  

a n o th e r  t im e .  U i i s  p ro c e d u re  p resum ab ly  a llow ed  f o r  more 

a c t i v e  p a r t i c i p a t i o n  in  th e  p r o c e s s  o f  s e e k in g  s t r u c t u r e  

when r e s tu d y in g  th e  symbol s t r i n g s .  The p rob lem , however, 

i s  t h a t  th e  l e v e l  o f  perfo rm ance  o f  Group I - E - I  was n o t  

g r e a t e r  th a n  t h a t  o f  th e  o t h e r  e x p e r im e n ta l  g ro ups a s  was 

i n i t i a l l y  e x p e c te d ,  and in d e e d ,  showed a tend en cy  to  be 

somewhat below t h a t  o f  Group E - I .  Once more, th e  i n t e r ­

p r e t a t i o n  t h a t  s u g g e s ts  i t s e l f  i s  t h a t  a s  w i th  Group I -E , 

th e  i n t r o d u c t i o n  o f  th e  e x p l i c i t  i n f o r m a t io n  se rv ed  i n  a 

g e n e r a l l y  d i s r u p t i v e  f a s h io n  i n  t h a t  i t  i n t e r f e r e d  w i th  th e  

a b s t r a c t i o n s  t h a t  th e  S had begun to  d e v e lo p  d u r in g  th e
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f i r s t  two p r e s e n t a t i o n s  o f  th e  l i s t  o f  21 g ram m atica l  

e x e m p la rs .

In  o t h e r  r e s p e c t s ,  Group I - E - I  behaved in  s i m i l a r  

f a s h i o n  to  Group E, the  e x p l i c i t  c o n t r o l  g ro u p .  There  was 

some ten dency  f o r  l e a r n in g  from  T r i a l  1 to  T r i a l  2 a l ­

th ough  l e s 3  th an  observed  i n  Group I - E .  However, Group 

I - E - I ,  l i k e  Group E, showed a ten dency  toward nongramma- 

t i c a l  r e s p o n s e s  on th e  t r a n s f e r  t a s k ,  a l th o u g h  to  a l e s s e r  

e x t e n t .  Hie re a so n  f o r  t h i s  b i a s  i s  n o t  c l e a r  e x c e p t  as  

i n s o f a r  a s  i t  may be sim ply  a n o th e r  c h a r a c t e r i s t i c  o f  the  

e x p l i c i t  r e sp o n se  mode.

Group E had th e  lo n g e s t  r e s p o n se  l a t e n c i e s ,  th e  

second lo w e s t  a v e rag e  and a s t r o n g  nongram m atica l

re s p o n se  b i a s .  These d a ta  s u g g e s t  th e  o b v io u s :  th e  ex ­

p l i c i t  g ro u p , whose on ly  t r a i n i n g  c o n s i s t e d  o f  th e  

p r e s e n t a t i o n  and d e s c r i p t i o n  o f  th e  sch em a tic  d iag ram  in  

f i g u r e  1, had no o t h e r  r e c o u r s e  d u r in g  th e  t e s t  p h a se  th an  

t o  t r y  to  " f i t "  each  t e 3 t  i t e m  i n t o  t h e i r  memory o f  th e  

d ia g ra m . S ince  th e  t r a i n i n g  phase  was to o  s h o r t  t o  a llo w  

f o r  th e  schem atic  t o  become " f ix e d "  and s in c e  t h e r e  was no 

o b s e r v a t io n  p e r io d  d u r in g  which i m p l i c i t  a b s t r a c t i o n s  cou ld  

be  form ed, th e  r e s u l t  was t h a t  e ac h  S was l e f t  w i th  a d e ­

g e n e r a t e  schema which n e c e s s a r i l y  would i n f l a t e  th e  tendency  

t o  make nongram m atica l r e s p o n s e s .  I t  shou ld  be n o te d  t h a t  

t h e r e  i s  n o th in g  p a r t i c u l a r l y  p ro fou nd  a b o u t  t h i s  i n t e r p r e ­

t a t i o n ;  in d e e d ,  th e  group was run  m ere ly  a s  a c o n t r o l  to
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a l lo w  th e  a s se s sm e n t  o f  th e  im pac t o f  th e  s t r i c t  e x p l i c i t  

t r a i n i n g  mode.

The most s i g n i f i c a n t  a s p e c t s  o f  th e  r e s u l t s  from 

Group I  were th e  r e l a t i v e l y  low p (c ) l e v e l  and th e  s h o r t  

re s p o n se  l a t e n c i e s .  In  th e  p o s t - e x p e r im e n ta l  i n t e r v ie w ,  

th e s e  Ss were a l s o  th e  l e a s t  a b le  to  fo rm u la te  th e  r u l e s  

th ey  had u sed  i n  making a d e c i s i o n  on g ram m atica11ty  on 

th e  t r a n s f e r  t a s k .  As w i th  a l l  o f  th e  g ro u p s ,  some l e a r n ­

in g  o f  s t r u c t u r e  d id  o c c u r ,  a l th o u g h  l e s s  th a n  i n  p r e v io u s  

s t u d i e s  where m em oriza tion  and r e p r o d u c t io n  o f  exem pla rs  

was th e  t r a i n i n g  te c h n iq u e .

What has become a p p a r e n t  i n  t h e  more r e c e n t  i m p l i c i t  

l e a r n i n g  s t u d i e s  i s  t h a t  th e  o b s e r v a t io n  te c h n iq u e  i n  i t s  

p r e s e n t  form i s  n o t  th e  most e f f e c t i v e  mode o f  p r e s e n t a t i o n  

f o r  e i t h e r  b u i ld i n g  o r  im p lem en ting  an  i m p l i c i t  model. I t  

does n o t  a l lo w  f o r  Ss to  o b t a in  a r o b u s t  enough knowledge 

o f  s t r u c t u r e  f o r  maximum t r a n s f e r  o r  f o r m u la t io n  o f th e  

r u l e s .  While t h i s  te c h n iq u e  was e f f e c t i v e  i n  th e  p r o b ­

a b i l i t y  l e a r n in g  e x p e r im e n ts  (Reber and M illw ard , 1968), 

and may be e f f e c t i v e  when o t h e r  s im p le r  s t r u c t u r e s  a r e  b e in g  

s t u d i e d ,  i t  does n o t  seem to  p ro v id e  f o r  a s  much l e a r n in g  o f 

complex r u l e  sys tem s as  th e  memory p ro c e d u r e .

S e v e ra l  v a r i a b l e s  may be o p e r a t iv e  h e r e .  For one, 

th e  t o t a l  t r a i n i n g  tim e may be to o  3 h o r t  to  a l lo w  f o r  any 

c o n s o l id a t i o n  o f  l e a r n in g  a c q u i r e d .  A nother f e a t u r e  i s  

th e  c o m p le te ly  p a s s iv e  q u a l i t y  o f  th e  o b s e r v a t io n  p ro c e d u re
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where th e  Ss j u s t  obse rv e  th e  s t i m u l i  w i th o u t  any fee d b ac k . 

Yet a n o th e r  f a c t o r  i s  th e  random, u n s t r u c tu r e d  o r d e r  o f  

p r e s e n t a t i o n  o f  th e  s t im u lu s  i te m s  which, w hile  d e l i b e r a t e  

i n  i t s  i n c e p t i o n ,  i s  n o t  conducive  to  i m p l i c i t  model 

b u i l d i n g .

The p rob lem s h e re  a r e  complex and th e  s u g g e s t io n  i s  

t h a t  they  a r e  q u i t e  deep . As was p o in te d  ou t  above , the  

mode o f  p r e s e n t a t i o n  i n t e r a c t s  b o th  w ith  i n s t r u c t i o n a l  s e t  

and s a l l e n c y  o f  th e  s t im u lu s  a r r a y .  I t  i s  a l s o  p o s s ib l e  

t h a t  th e  r e l a t i v e  i n e f f e c t i v e n e s s  o f  th e  o b s e r v a t io n  mode 

i n  t h i s  s tu d y  i s  due to  th e  r e l a t i v e l y  s h o r t  o b s e r v a t io n  

p e r i o d .  I f  a p u re  o b s e r v a t io n  p ro c e d u re  i s  to  t u r n  o u t  to  

be u s e f u l  i n  p ro d u c in g  i m p l i c i t  a c q u i s i t i o n  o f  s t r u c t u r e ,  

i t  may r e q u i r e  a more ex tended  exposu re  t o  g ram m atica l  

exem pla rs  th an  t h a t  used  i n  t h i s  s tu d y .  There i s  some 

e v id e n ce  f o r  t h i s  i n t e r p r e t a t i o n .  In  Waldmann (1972) the  

o b s e r v a t io n  Ss were yoked to  Ss ru n  u n d e r  the  m em oriza tion  

and r e c a l l  p ro c e d u re  and many o f  them o b se rv ed  a s  many as 

100 -  140 e x e m p la rs .  F u r th e r  e x p e r im e n ts  may s e p a r a t e  o u t  

th e s e  f a c t o r s  i n  o rd e r  t o  answ er the  q u e s t io n  o f  how 

s t r u c t u r e  i s  b e s t  l e a r n e d ,  r a t h e r  than  w he th er  i t  can be 

le a rn e d  a t  a l l .

However, w h a tev e r  s t r u c t u r e  was le a rn e d  by Group I  

was th ro u g h  i m p l i c i t  p r o c e s s e s  o n ly  and th e  r e s p o n se  mode 

was g r o s s  sc a n n in g  o f  th e  e n t i r e  p a t t e r n .  Thus, n o t  only  

d id  t h i s  g roup a c h ie v e  th e  s h o r t e s t  l a t e n c i e s ,  b u t  th e r e
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The Ss w i t h  the  h i g h e s t  had th e  s h o r t e s t  l a t e n c i e s ;

a g a in ,  t h i s  was i n  agreem ent w i th  the  f i n d in g s  o f  p re v io u s  

e x p e r im e n ts  where Ss, h a v in g  developed  an  u n d e r ly in g  model, 

ten ded  t o  respond  more q u ic k ly .

Review o f  S ta te d  Ifypothe3es

Thus, i n  e v a l u a t i n g  the  o v e r a l l  r e s u l t s  o f  t h i s  

i n v e s t i g a t i o n  o f  i m p l i c i t  l e a r n in g  th ro u g h  the  s tu d y  o f  

a r t i f i c i a l  language  a c q u i s i t i o n ,  only some of th e  o r i g i n a l  

h y p o th e s e s  were c o n firm ed , w h ile  o th e r s  e i t h e r  d id  no t  

a t t a i n  s t a t i s t i c a l  s i g n i f i c a n c e  o r  d id  n o t  r e s u l t  in  th e  

ex p ec te d  f i n d in g s  :

l )  I t  was p r e d i c te d  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  

would emerge among th e  th r e e  e x p e r im e n ta l  g roup s  In  

l a t e n c y ,  a c c u ra c y  and e r r o r  p a t t e r n s ,  depend in g  on where 

i n  th e  l e a r n in g  p r o c e s s  the  e x p la n a t io n  o f  th e  r u l e  sy s tem  

would be in t r o d u c e d .  T h is  h y p o th e s is  was on ly  p a r t i a l l y  

con firm ed  in  t h a t  th e  d i f f e r e n c e s  among th e  e x p e r im e n ta l  

g ro u p s  d id  no t  emerge a s  c l e a r l y  a s  e x p e c te d .  However, 

t h e r e  were some i n p l i c a t i o n s  f o r  the  Im po rtance  o f  where 

i n  th e  l e a r n i n g  phase  th e  e x p la n a t io n  o f  the  r u l e  system  

should  be I n t r o d u c e d .  I t  became c l e a r  t h a t  th e  t r a i n i n g  

c o n d i t i o n s  d id  d e te rm in e  the  re sp o n se  s e t  o f  th e  Ss and the  

deg ree  o f  fo c u s  o f  i m p l i c i t  p r o c e s s e s  toward more c o h e re n t  

s t r u c t u r e .
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The prob lem  b a s i c a l l y  was t h a t  w i t h in  th e  c o n te x t  o f 

th e  a c q u i s i t i o n  of a r i c h  and complex s t r u c t u r e ,  th e  a n t i ­

c ip a te d  " b le n d in g "  o f e x p l i c i t  and i m p l i c i t  t r a i n i n g  p r o ­

c e d u re s  d id  n o t  o c c u r .  The i m p l i c a t i o n  o f  t h i s  i s  t h a t  Ss ' 

i m p l i c i t  models were n o t  n e c e s s a r i l y  r e p r e s e n t a t i v e  o f  th e  

u n d e r ly in g  grammar. The one c o n d i t i o n  (Group E - I )  where 

t h i s  was c o n t r o l l e d ,  was th e  c o n d i t i o n  which showed th e  

g r e a t e s t  d e g re e  o f  l e a r n i n g .  Presum ably , t h i s  p ro c e d u re  

g iv e s  r i s e  to  th e  " b le n d in g "  t h a t  was i n i t i a l l y  h y p o th e s iz e d  

and i t  i s  a rgued  t h a t  i t  o c c u r re d  because  th e  3s were g iv e n  

an e x p la n a t io n  o f  s t r u c t u r e  i n i t i a l l y  and th e n  used  th e  ex»m 

p l a r s  to  enhance t h e i r  own i m p l i c i t  model b u i l d i n g .  R e v e rs ­

in g  th e  p ro c e d u re  o r  i n t e r r u p t i n g  th e  i m p l i c i t  p r o c e s s e s  was 

n o t  a d e q u a te  u n d e r  th e  p r e s e n t  t r a i n i n g  c o n d i t i o n s .

T h e re fo re ,  th e  models u s e d ,  a s  r e p o r t e d  by th e  Ss 

i n  th e  p o s t - e x p e r im e n ta l  i n t e r v i e w s ,  seemed to  have been 

more r e f l e c t i v e  of i n d i v i d u a l  r e p r e s e n t a t i o n s  th a n  o f a 

mapping i n t o  th e  a c t u a l  grammar. As i n  e a r l i e r  s t u d i e s  o f  

en co d in g  s t r a t e g i e s  ( M i l le r ,  1958; S h ip s to n e ,  i 9 6 0 ) ,  no 

c l e a r  p a t t e r n s  among Ss were fo u n d . However, most s t r a ­

t e g i e s  were based  on a com bining o r  chunking  o f  symbols 

w i t h in  a s t r i n g .  T h is  was i n  k e ep in g  w i th  the  f i n d i n g s  o f  

th e  anagram s tu d y  (Reber, e t  a l . ,  i n  p r e p . )  where Ss had 

to  g e n e r a te  t h e i r  own s t r i n g s  from random ly a r ra n g e d  sym­

b o l s .  An a n a l y s i s  o f  e r r o r s  r e v e a le d  more in t r a - c h u n k  

e r r o r s  th a n  b re a k in g  up o f  i n v a r i a n t  c o m b in a t io n s .  That i s ,
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t h e r e  was a s i g n i f i c a n t  ten d ency  to  keep th e  VPX loop  t o ­

g e th e r ;  e r r o r s  l i k e  VXP o r  PVX were more common th a n  e r r o r s  

r e s u l t i n g  from a b re a k in g  up o f  th e  chunk.

2 ) T h is  h y p o th e s i s  d e a l t  w i th  re sp o n se  l a t e n c i e s  

ex p ec te d  from th e  t h r e e  e x p e r im e n ta l  g ro u p s ,  depend ing  on 

th e  re sp o n se  mode u s e d .  I t  was p r e d i c te d  t h a t  Ss u s in g  

an i m p l i c i t  mode would have s h o r t e r  l a te n c y  t im e s ,  w h ile  

Ss u s in g  an e x p l i c i t  r e sp o n se  mode would have lo n g e r  l a ­

t e n c i e s .  The re sp o n se  l a t e n c y  d a ta  confirm ed t h i s  hypo­

t h e s i s ,  im p ly in g  t h a t  Ss d id  resp ond  more q u ic k ly  when 

o p e r a t in g  i n  what has  been  term ed an  i m p l i c i t  mode by 

sc an n in g  th e  t o t a l  p a t t e r n .  Thus i t  a p p e a rs  t h a t  i t  was 

o n ly  i n  Group E - I  t h a t  s u f f i c i e n t  e x p l i c i t - i m p l i c i t  i n t e r ­

a c t i o n  o c c u rre d  f o r  Ss to  s l i p  i n t o  re sp o n d in g  i n  a more 

i m p l i c i t  manner, l e a v in g  th e  o t h e r  two e x p e r im e n ta l  g roups 

in  v a ry in g  d e g re e s  o f  e x p l i c i t  r e sp o n d in g ,  and , t h e r e f o r e ,  

lo n g e r  l a t e n c i e s .

3) With r e g a rd  to  th e  c o n t r o l  g ro u p s ,  t h i s  h y p o th e s is  

s t a t e d  t h a t  th e  lo n g e s t  l a t e n c i e s  would be e x p e c te d  from  the  

e x p l i c i t  on ly  g rou p , w h i le  i t  was p r e d i c t e d  t h a t  th e  i m p l i c i t  

on ly  group would d e m o n s tra te  th e  l e a s t  o v e r a l l  a c c u ra c y  and 

s h o r t e r  l a t e n c i e s .  The c o n t r o l  g ro u p s ,  i n  which th e  mode of 

re sp o n se  i s  f i x e d ,  were ex p ec te d  to  enhance th e  r e l i a b i l i t y  

o f  th e  e x p e r im e n ta l  g roup f i n d i n g s .

S ince th e  c o n t r o l  g rou ps  perform ed a s  e x p e c te d  w ith  

re g a rd  to  th e  l a t e n c y  and a c c u ra c y  m easures , t h i s  h y p o th e s is
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was u p h e ld .  l a c k in g  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  among 

th e  e x p e r im e n ta l  g ro u p s ,  th e s e  f i n d in g s  from  th e  c o n t r o l  

g ro ups  were p a r t i c u l a r l y  r e l e v a n t  i n  i n t e r p r e t i n g  th e  

r e s u l t s  o f  th e  s tu d y .

When th e  l a t e n c y  d i s t r i b u t i o n s  were compared f o r  

d i f f e r e n t i a l  re s p o n d in g ,  i t  was found t h a t  a l l  o f  th e  

g ro u p s  d id  ten d  to  respond  more q u ic k ly  on th e  c o r r e c t  

r e s p o n s e s  a s  compared to  when i n c o r r e c t  r e s p o n s e s  were 

made. O ther f i n d in g s  a p p e a r  to  i n d i c a t e  t h a t  th e  g roups 

u s in g  a more e x p l i c i t  re sp o n se  mode (Groups I -E ,  I - E - I ,  and 

E) responded  "g ram m atica l"  more q u ic k ly ,  even  when i n  e r r o r .  

While th e  e x a c t  i n p o r t  i s  n o t  ve ry  c l e a r ,  i t  would s u g g e s t  

t h a t  a h ig h e r  c r i t e r i o n  f o r  c a l l i n g  an  i te m  nongram m atica l 

was u sed  by th e s e  g roups when t h e i r  own i m p l i c i t  models 

were n o t  s u f f i c i e n t l y  r o b u s t .

4 )  The h y p o th e s i s  t h a t  when an  i m p l i c i t  r e sp o n se  

mode i s  u s e d ,  th e  l e n g th  o f  th e  symbol s t r i n g s  sh ou ld  n o t  

be a r e l e v a n t  v a r i a b l e  was confirm ed  by th e  e r r o r  a n a l y s i s  

o f  Group E - I  and I ' s  d a t a .  However, i t  was a l s o  g e n e r a l l y  

t r u e  f o r  th e  o t h e r  g ro u p s ,  a l th o u g h  th e  e x p l i c i t  c o n t r o l  

g roup d id  e x p e r ie n c e  some g r e a t e r  d i f f i c u l t y  w ith  th e  

lo n g e r  i t e m s .

A l im i te d  l e n g th - r a n g e  was u sed  i n  th e  p r e s e n t  s tu d y ,  

w i th  i te m s  c o n s i s t i n g  o f  from th r e e  t o  e i g h t  sym bols.

W ith in  t h i s  rang e  i t  a p p e a rs  t h a t  even  w i th  on ly  a p a r t i a l ,  

i m p l i c i t  model, th e  l e n g th  d id  n o t  impose to o  g r e a t  a
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b u rd e n ,  a s  i t  d id  when Ss were o p e r a t in g  e x c l u s i v e l y  i n  an 

e x p l i c i t  mode.

5 )  A more i d i o s y n c r a t i c  e r r o r  p a t t e r n  was e x p e c te d  

from  Ss u s in g  an e x p l i c i t  r e sp o n se  mode. O v e ra l l  t h i s  d id  

n o t  p rove  to  be th e  c a s e .  R a th e r ,  th e  r e l e v a n t  v a r i a b l e  

h e re  seemed to  be th e  d e g re e  o f  r e p r e s e n t a t i v e  s t r u c t u r e  

a c q u i r e d  and i d i o s y n c r a t i c  p a t t e r n s  a s  ev idenced  by l a r g e  

P(EE) v a lu e s  were found on ly  i n  th e  c o n t r o l  g ro u p s ,  r e g a r d ­

l e s s  o f  re sp o n se  mode U3ed.

I m p l i c a t io n s  f o r  I m p l i c i t  L ea rn ing  D ieory

In  c o n s id e r in g  th e  r e le v a n c e  o f  th e  f i n d in g s  o f  t h i s  

i n v e s t i g a t i o n  f o r  th e  developm ent o f  a th e o ry  o f  i m p l i c i t  

l e a r n i n g ,  i t  would be u s e f u l  to  b e g in  w ith  a rev iew  o f  th e  

q u e s t io n s  r a i s e d  and d e a l t  w i th  i n  p r e v io u s  s t u d i e s .  E a r ly  

s t u d i e s  were fo c u s se d  on what a s u b j e c t  l e a r n s  i n  an a r t i ­

f i c i a l  language  a c q u i s i t i o n  e x p e r im e n t .  Both M i l l e r  (1 9 5 8 ) 

and Reber (1 9 6 7 , 1 9 6 9 ) found t h a t  Ss d id  r e l a t e  to  th e  

c o n s t r a i n t s  o f th e  grammar and d id  respond  t o  th e  u n d e r ­

l y i n g  a b s t r a c t  s t r u c t u r e  r a t h e r  th a n  th e  a c t u a l  symbols 

u se d  i n  a p a r t i c u l a r  s y n t h e t i c  lan g u a g e .  S ince  th e  r u l e  

sy s tem  was to o  complex to  be d i s c o v e re d  by u t i l i z i n g  i n d i ­

v i d u a l  s t r a t e g i e s  o r  t e s t i n g  sim ple  h y p o th e s e s ,  Ss were 

u n a b le  to  fo rm u la te  th e  r u l e s  th ey  were u s in g .

T h is  ty p e  o f  l e a r n in g  has  been  l ik e n e d  to  a more 

p e r c e p t u a l  l e a r n in g  where Ss become aware o f  th e  r e g u l a r ! -
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t i e s  i n  a s t im u lu s  a r r a y  and respond  a c c o r d i n g l y .  An i n s t a n c e  

o f  t h i s  would be n a t u r a l  language  l e a r n in g  vtfiere a s p e a k e r 's  

u t t e r a n c e s  g e n e r a l l y  conform to  th e  s t r u c t u r e  and gram m ati- 

c a l i t y  can be re c o g n iz e d  and ju d g e d , even though  the  u n d e r ­

ly in g  r u l e s  c a n n o t  be e x p l i c i t l y  s t a t e d .  As fo rm u la te d  by 

Gibson and Gibson (1955 )> i n c r e a s in g  d i f f e r e n t i a t i o n  o ccu rs  

th ro u g h  exposu re  t o  s u b s e t s  o f s t i m u l i  which le a d  to  l e a r n ­

in g  o f  s t r u c t u r e  th ro u g h  a p r o c e s s  o f a b s t r a c t i o n  o r  p e r ­

c e p t io n  o f  th e  l a r g e r  p a t t e r n .

T his  p r o c e s s ,  whereby Ss come to  respond  e f f i c i e n t l y  

to  th e  s t r u c t u r e  i n h e r e n t  i n  a s t im u lu s  d i s p l a y  by d e v e lo p ­

in g  i m p l i c i t l y  a p e r c e p t u a l  model t h a t  t o  some d eg ree  r e ­

sem bles such s t r u c t u r e ,  was term ed i m p l i c i t  l e a r n i n g .  In 

o r d e r  to  f u r t h e r  t e s t  th e  n o t io n  t h a t  Ss were n o t  im posing 

t h e i r  own i d i o s y n c r a t i c  cod ing  schemes o n to  th e  s t r u c t u r e ,  

a s tu d y  was c a r r i e d  o u t  u s in g  i n s t r u c t i o n s  a s  th e  e x p e r i ­

m en ta l  v a r i a b l e  (R eber, i n  p r e s s ) .  I t  was found t h a t  the  

Ss g iv e n  n e u t r a l  i n s t r u c t i o n s  perfo rm ed  b e t t e r  on th e  

t r a n s f e r  t a s k  th an  Ss i n s t r u c t e d  to  t r y  to  f in d  th e  r u l e  

system  u s e d .  S ince th e s e  r e s u l t s  were c o n t r a r y  to  th e  

f i n d in g s  o f  most c o n cep t  f o rm a t io n  s t u d i e s ,  i t  was c o n ­

s id e r e d  f u r t h e r  v a l i d a t i o n  f o r  a th e o ry  o f  i m p l i c i t  l e a r n i n g .

Also, s in c e  p o s t - e x p e r im e n ta l  i n t e r v i e w s  confirm ed 

th e  f a c t  t h a t  Ss were g e n e r a l l y  n o t  a b le  to  v e r b a l i z e  the 

r u l e s  they  were u s in g ,  th e  n e x t  q u e s t io n  r a i s e d  was j u s t  

how th e s e  r e p r e s e n t a t i v e  models were b e in g  form ed. In  an
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a t te m p t  t o  d e te rm in e  what i m p l i c i t  c o n c e p t u a l i z a t i o n s  they 

m ight be u t i l i z i n g ,  a s tu d y  was ru n  i n  which Ss were r e ­

q u ire d  t o  g e n e ra te  t h e i r  own g ram m atica l  " s e n te n c e s "  from 

a randomly a r ra n g e d  s e t  o f  symbols (Reber e t  a l . ,  i n  

p r e p . ) .  While t h i s  p roved  to  be a f r u i t f u l  app ro ach  in  

i n c r e a s in g  Ss* a b i l i t y  t o  v e r b a l i z e  th e  r u l e s  they w ere  

u s in g ,  th e  d a ta  were to o  complex to  p ro v id e  i n s i g h t s  in to  

th e  a c q u i s i t i o n  p r o c e s s .

Another a t t e m p t  was made a lo n g  th e s e  l in e s  by  p ro ­

v id in g  Ss w ith  a q u e s t io n n a i r e  c o v e r in g  s p e c i f i c  a s p e c t s  o f  

th e  r u l e s  such a s  a n ch o r  l e t t e r s ,  r e d u n d a n c ie s ,  ch u n k in g , 

e t c .  (B e in s ,  p e r s o n a l  com m unica tion ) . The r e s u l t s  i n d i c ­

a te d  t h a t  Ss do tend  to  behave i n  a r e g u l a r  f a s h io n  and 

a c t u a l l y  u se  th e  r u l e s  th e y  cou ld  s p e c i f y ,  a l th o u g h  they 

could  n o t  n e c e s s a r i l y  s p e c i f y  a l l  th e  r u l e s  they w ere  

u s i n g .

However, w h ile  th e  d a ta  b e in g  accum ulated  t o  f u r t h e r  

d e f in e  th e  th e o ry  o f  i m p l i c i t  l e a r n in g  d id  p ro v id e  some 

answ ers  to  th e  q u e s t io n s  posed , s e v e r a l  o t h e r  i s s u e s  emerged 

a s  r e l e v a n t  and r e q u i r i n g  f u r t h e r  i n v e s t i g a t i o n .  The m ajor 

r e s u l t  r e q u i r i n g  a t t e n t i o n  was t h a t  a l th o u g h  some s t r u c t u r e  

was b e in g  l e a r n e d ,  S s 1 l e v e l  o f  p e rfo rm ance  on the  t e s t  

i te m s  d id  n o t  ap p ro ach  th e  l e a r n in g  m a n ife s te d  in  n o n ­

l a b o r a to r y  s i t u a t i o n s .  S ince l e a r n in g  i n  th e s e  s i t u a t i o n s  

does n o t  o ccu r  i n  a vacuum, as  i s  o f t e n  th e  case i n  the  

l a b o r a t o r y ,  th e  r o l e  o f  e x p l i c i t  l e a r n in g  now seemed
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a p p r o p r i a t e  f o r  c o n s i d e r a t i o n .

As George M i l l e r  (1 9 6 7 ) s u g g e s te d ,  s t r u c t u r e s  l i k e  

t h a t  i n  F ig u re  1 a re  too  complex f o r  an " a f te rn o o n  i n  the  

l a b o r a t o r y . "  C e r t a in ly ,  when only  i m p l i c i t  a c q u i s i t i o n  

p ro c e d u re s  a r e  u se d ,  t h e r e  i s  no do u b t t h a t  h i s  a s s e s s ­

ment i s  c o r r e c t .  Thus, f o r  the  p r e s e n t  s tu d y ,  th e  s h i f t  

i n  em phasis  was m o tiv a te d  by the  q u e s t io n  o f  how I m p l i c i t  

p r o c e s s e s  c an  be b o l s t e r e d  so t h a t  complex s t r u c t u r e s  can 

be a c q u i r e d  more e f f i c i e n t l y .

One o f  the  t e n e t s  o f  i m p l i c i t  l e a r n in g  th e o r y  was 

t h a t  e f f i c i e n t  re sp o n d in g  was ach iev e d  th ro u g h  a r u d i ­

m en ta ry  i n d u c t i v e  p ro c e s s  o f  i m p l i c i t  model b u i l d i n g .

The p o s s i b l e  e f f e c t  o f  e x p l i c i t  i n fo r m a t io n  had been 

m in im ized . Yet i t  seemed l i k e l y  t h a t  a b len d  o r  i n t e r ­

a c t i o n  o f b o th  i m p l i c i t  and e x p l i c i t  p r o c e s s e s  would more 

n e a r l y  app rox im ate  complex r u le  a p p re h e n s io n  i n  many i n ­

s t a n c e s  o f i m p l i c i t  l e a r n in g  o u ts id e  th e  l a b o r a t o r y .

This o v e r a l l  h y p o th e s is  has  been  co n firm ed  by th e  

r e s u l t s  of t h i s  3 tudy a l th o u g h  th e  main t h r u s t  was t o  i n ­

v e s t i g a t e  t h e  o p t im a l  p e r io d  d u r in g  t r a i n i n g  to  i n t r o d u c e  

in f o r m a t io n  ab o u t  th e  r u l e  system  i n  o r d e r  to  engage bo th  

i m p l i c i t  and e x p l i c i t  p r o c e s s e s .  F u r th e r  work i n  t h i s  

a r e a  m ight c o n c e n t r a t e  on J u s t  how to  maximize th e  i n t e r ­

a c t i o n  f o r  th e  most e f f i c i e n t  model b u i l d i n g .  T h is  may 

be subsumed u n d e r  mode o f  p r e s e n t a t i o n  o f  th e  s t i m u l i .
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B e s id es  th e  r o l e  o f  e x p l i c i t  i n f o r m a t io n ,  th e  

q u e s t io n  o f  a c t i v e  and p o s s iv e  l e a r n in g  has  been shown to  

have im p o r ta n t  I m p l i c a t io n s  f o r  i m p l i c i t  l e a r n in g  th e o r y .  

G arner and G ottw ald  (1 9 6 8 ) ,  i n  t h e i r  s t u d i e s  o f  p a t t e r n  

p e r c e p t i o n ,  p o s t u l a t e d  a tw o -p ro c e ss  app roach  based  on 

r a t e s  o f  p r e s e n t a t i o n .  P a s t e r  p r e s e n t a t i o n  r a t e s  l e i  to  

Ss* p a s s iv e  r e l a t i n g  to  th e  t o t a l  p a t t e r n  w hile  they  more 

a c t i v e l y  encoded f e a t u r e s  o f  the  p a t t e r n  a t  a s lo w e r  r a t e  

o f  p r e s e n t a t i o n .  I t  now a p p e a rs  t h a t  i f  th e  s t r u c t u r e  to  

be a c q u i r e d  i s  ve ry  complex, a c t i v e  a s  w e l l  a s  p o s s iv e  

l e a r n i n g  i s  n e c e s s a r y .  Note, however, t h a t  th e  g e n e r a l i t y  

o f  th e  G arner and Gottwald p o s i t i o n  must be tem pered by 

th e  r e c o g n i t i o n  t h a t  th e  u n d e r ly in g  s t r u c t u r e  th e y  were 

u s in g  was c o n s id e r a b ly  s im p le r  th a n  th o se  used  h e r e .

However, w h ile  r a t e  o f  p r e s e n t a t i o n  i s  a f a c t o r  to  

be c o n s id e r e d ,  th e  p rob lem  in  complex l e a r n in g  a p p e a r s  to  

be more one o f  engag ing  b o th  i m p l i c i t  and e x p l i c i t  p r o c e s s e s .  

The o b s e r v a t io n  te c h n iq u e  p ro v id e s  f o r  a r e l a t i v e l y  f a s t  

p r e s e n t a t i o n  o f  th e  s t im u lu s  i te m s  w hich , coupled  w ith  

n e u t r a l  i n s t r u c t i o n s ,  r e s u l t s  i n  a mode o f  p r e s e n t a t i o n  

t h a t  would engender  a p a s s iv e  re sp o n se  s e t .  The S i s  

r e q u e s te d  to  pay a t t e n t i o n  to  th e  s t i m u l i  b u t  i s  n o t  

n e c e s s a r i l y  a c t i v e l y  engaged i n  th e  l e a r n in g  p r o c e s s . 3 i t

3 lh e  d i f f e r e n t i a t i o n  betw een a c t i v e  and p a s s iv e  i s  
u n d e rs to o d  h e re  to  r e f l e c t  a d i f f e r e n c e  betw een th e  i m p l i ­
c i t  and e x p l i c i t  f o r m a l i z a t i o n  o f  h y p o th e se s  and s t r a t e g i e s ;  
i . e . ,  " a c t i v e "  i s  u sed  synonymously w i th  c o n sc io u s  hypo­
t h e s i s  t e s t i n g  ab o u t  r u l e  s t r u c t u r e .
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may be t h a t  some c r i t e r i o n  o f  i n i t i a l  l e a r n in g  should  be 

im posed, e i t h e r  by r e t u r n i n g  to  th e  p r e v io u s  method of 

h a v in g  th e  Ss c o r r e c t l y  rep ro d u ce  a s e t  o f  symbol s t r i n g s  

o r  by m od ify ing  th e  o b s e r v a t io n  te c h n iq u e .  One method 

m ight be t o  r e q u e s t  Ss t o  g e n e ra te  " s e n te n c e s "  a f t e r  th e  

i n i t i a l  o b s e r v a t i o n s .  A f te r  some fee d b ac k  on t h e i r  r e s ­

p o n s e s ,  th e y  co u ld  th e n  be g iv e n  a n o th e r  o p p o r tu n i ty  f o r  

o b s e r v a t io n  o f  th e  g ram m atica l  s u b s e t s .  In t h i s  way, th e  

p r e s e n t a t i o n  o f  th e  e x p l i c i t  in f o r m a t io n  cou ld  be i n t e g r a ­

te d  w i th  th e  more p a s s iv e  components o f  th e  l e a r n in g  

s i t u a t i o n .

A lthough n o t  a c e n t r a l  i s s u e  i n  th e  c o n c e p u ta l i z a t i o n  

o f  i m p l i c i t  l e a r n in g  so f a r  d ev e lo p ed , th e  r o l e  o f  fee d b ac k  

cou ld  be f u r t h e r  e x p lo r e d .  In  com paring th e  p e rfo rm ance  o f 

o u r  Ss w ith  p e o p le  engaged i n  i m p l i c i t  l e a r n in g  in  non­

l a b o r a t o r y  s i t u a t i o n s  ( e . g . ,  n a t u r a l  la n g u a g e s ,  a c q u i s i t i o n  

o f  complex s o c i a l  c o d e s ) ,  i t  seems c l e a r  t h a t  th e r e  i s  on­

g o in g  fe e d b a c k  on t h e i r  b e h a v io r  which u n d o u b te d ly  a s s i s t s  

th e  d i f f e r e n t i a t i o n  p r o c e s s .  T h e re fo re ,  c r i t e r i o n  l e a r n in g  

w i th  fee d b ac k  may be r e q u i r e d  to  e n su re  th e  n e c e s s a ry  con­

d i t i o n s  to  enhance S 's  model b u i l d i n g .  I t  would a l s o  tend  

to  encou rage  a model more r e p r e s e n t a t i v e  o f  th e  a c t u a l  

u n d e r ly in g  s t r u c t u r e .

For such a method to  su c ce ed ,  i t  may be im p o r ta n t  to  

reexam ine  th e  o r d e r  o f  s t im u lu s  p r e s e n t a t i o n  a s  w e l l .  Up 

t o  t h i s  p o i n t ,  w ith  th e  e x c e p t io n  o f  th e  ex p er im e n t  no ted
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e a r l i e r  i n  th e  d i s c u s s i o n  (Reber and K ass in ,  i n  p r e p . ) ,  the  

s t im u lu s  i te m s  have been p r e s e n te d  i n  a random o r d e r ,  w i th ­

o u t  r e g a rd  to  g ram m atica l  o r  " se n te n c e "  ty p e .  Given th e  

c o m p lex ity  o f  th e  s t r u c t u r e ,  i t  may n o t  be p o s s ib l e  f o r  Ss 

t o  r e l a t e  t o  th e  u n d e r ly in g  r u l e  system  in  a m ean ing fu l way 

u n l e s s  th e  r u l e s  which d e f in e  th e  system  a r e  made more s a ­

l i e n t .  In  o r d e r  t o  have S3 b u i ld  a s u f f i c i e n t l y  r o b u s t  

model, th e  s t im u lu s  a r r a y  cou ld  be a r ra n g e d  a c c o rd in g  to  

th e  g ram m atica l  ty p e ,  w ith  feed b ack  p ro v id ed  a f t e r  p r e ­

s e n t a t i o n  o f  s u b s e t s  o f  each  ty p e  i n  o r d e r  to  f a c i l i t a t e  

l e a r n i n g .

To summarize the  f o r e g o in g  d i s c u s s io n  on th e  mode o f  

p r e s e n t a t i o n  o f  th e  l e a r n in g  i te m s ,  i t  i s  su g g e s te d  t h a t  i n  

o r d e r  to  e n su re  th e  a c t i v e  engagement o f  th e  Ss i n  the  im ­

p l i c i t  l e a r n in g  p r o c e s s ,  the  o b s e r v a t io n  te c h n iq u e  be m odi­

f i e d .  Such m o d i f i c a t io n  would in c lu d e  the  o r g a n i z a t i o n  o f  

th e  g ram m atica l  s t r i n g s  by " se n te n c e "  ty p e ,  i n t r o d u c t i o n  o f  

some form  o f  c r i t e r i o n  l e a r n i n g ,  and fe e d b a c k  on th e  c o r ­

r e c t n e s s  o f  t h e i r  re s p o n se s  b e in g  f u r n i s h e d  to  th e  Ss. 

R ed es ig n in g  the  l e a r n in g  p h ase  i n  t h i s  manner should  p ro v id e  

th e  o p p o r tu n i ty  f o r  Ss to  more a c t i v e l y  encode th e  f e a t u r e s  

o f  the  p a t t e r n s  p r e s e n t e d .

B e s id es  th e  mode o f  p r e s e n t a t i o n ,  a n o th e r  key f a c t o r  

i n  p ro v id in g  th e  b o u n d a r ie s  f o r  a c t i v e  engagement i n  th e  

l e a r n in g  p r o c e s s  i s  th e  i n s t r u c t i o n a l  s e t .  While the  manner 

o f  p r e s e n t i n g  th e  s t im u lu s  a r r a y  i s  more d i r e c t e d  toward th e
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i m p l i c i t  p r o c e s s e s ,  th e  i n s t r u c t i o n a l  s e t  seems to  be more 

r e l a t e d  to  th e  e x p l i c i t  p r o c e s s e s .  In fo rm ing  th e  S o f  th e  

f a c t  t h a t  th e  s t im u lu s  i te m s  a re  ru le -g o v e rn e d  w i th o u t  n e ­

c e s s a r i l y  g iv in g  th e  e x p l i c i t  in fo rm a t io n  ab o u t  th e  s p e c i ­

f i c  s t r u c t u r e  would s t i m u l a t e  an a c t i v e  s e a rc h  f o r  r e g u ­

l a r i t i e s .  Taken t o g e t h e r ,  b o th  e x p l i c i t  and i m p l i c i t  

p r o c e s s e s  shou ld  be engaged , a l lo w in g  f o r  maximum 

i n t e g r a t i o n  and, t h e r e f o r e ,  g r e a t e r  l e a r n in g  to  tak e  p l a c e .

Given th e s e  c o n d i t i o n s ,  th e  q u e s t io n  may a g a in  be 

r a i s e d  a s  to  where i n  th e  l e a r n in g  phase  s p e c i f i c  in f o rm a t io n  

on th e  r u l e s  sy s tem  shou ld  be In t ro d u c e d  i n  o r d e r  to  a c h ie v e  

th e  b e s t  pe rfo rm an ce  on th e  t r a n s f e r  t a s k .  Again, t h i s  

q u e s t io n  i s  p r e d i c a t e d  on th e  a ssum ptio n  t h a t  t h e  r u l e  

sys tem  i s  to o  complex f o r  th e  Ss t o  d i s c o v e r  th e  a c t u a l  

s t r u c t u r e  th ro u g h  h y p o th e s i s  t e s t i n g  and use  o f  i n d i v i d u a l  

s t r a t e g i e s .  T h is  i s  p i v o t a l  i n  th e  i n v e s t i g a t i o n  o f  i m p l i ­

c i t  l e a r n in g ;  t h a t  i s ,  w h i le  Ss may be d i r e c t e d  to  lo o k  f o r  

s t r u c t u r e ,  any model th e y  b u i ld  w i l l  be an i m p l i c i t  mapping 

i n t o  th e  grammar r a t h e r  th a n  "c ra ck in g  th e  code" a s  i n  more 

e x p l i c i t  co n ce p t  fo rm a t io n  s t u d i e s .

Perhaps th e  answ er t o  t h i s  q u e s t io n  w i l l  l i e  i n  

f u r t h e r  d e f i n i n g  th e  a s p e c t  o f  i m p l i c i t  l e a r n in g  u n d e r  

i n v e s t i g a t i o n .  The main em phasis  o f  t h i s  and o t h e r  r e c e n t  

s t u d i e s  r e f e r r e d  to  h as  been  on how to  s e t  th e  b o u n d a r ie s  

to  a c h ie v e  th e  most e f f i c i e n t  l e a r n in g  a s  measured by 

pe rfo rm ance  on a t r a n s f e r  t a s k .  In  t h i s  s e n s e ,  the
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f i n d in g s  would su p p o r t  an  ap p ro ach  t h a t  would in t r o d u c e  some 

knowledge o f  th e  a c t u a l  g ram m atica l  s t r u c t u r e  a t  the  b e g in ­

n in g  o f  th e  l e a r n in g  p h a se ,  th u s  a l lo w in g  Ss t o  b u i ld  a 

s u f f i c i e n t l y  s t r o n g  model based  on a b le n d in g  o f  i m p l i c i t  

and e x p l i c i t  p r o c e s s e s  w i th  a d eq u a te  o p p o r tu n i ty  f o r  u t i l i z ­

in g  th e  e x e m p la rs .

While n o t  i n  the  scope o f  t h i s  s tu d y ,  a c a r e f u l  

a n a l y s i s  o f  th e  r e s u l t s  s u g g e s t s  a n o th e r  b r o a d e r  i n t e r ­

p r e t a t i o n  o f  i m p l i c i t  l e a r n in g  which would a p p ly  when a 

more in d u c t iv e  app roach  i s  ad h ered  t o .  Such a fo cu s  would 

be a p p r o p r i a t e  where s u b s e t s  o f  complex b e h a v io r  a re  ob ­

se rv ed  i n  a more i m p l i c i t  f a s h io n  o v e r  a p e r io d  o f  t im e  and 

th e  e x p l i c i t  p r o c e s s e s  engaged when a t t e m p t in g  to  fo rm u la te  

th e  u n d e r ly in g  common s t r u c t u r e .  This m ight o c cu r  i n  some 

s i t u a t i o n s  where th e  s y s te m a t ic  n a tu r e  o f  th e  s t i m u l i  i s  

unknown, such a s  l e a r n in g  complex games, d e v e lo p in g  a 

complex s k i l l  o r  a c q u i r in g  a la n g u a g e .  A fo rm a l p r e s e n t a ­

t i o n  o f  i m p l i c i t  l e a r n in g  th e o ry  should  f u r t h e r  c l a r i f y  the  

n a tu r e  and d i r e c t i o n  o f  f u t u r e  r e s e a r c h  i n  t h i s  a r e a .
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TABLE 1

P r o b a b i l i t y  o f  C o r re c t  Responses P( n\  f o r  Each Group 
Broken Down i n t o  T r i a l s  and I tem  Type

Gram m atical Nongrammatical
Group T r i a l  1 T r i a l  2 T o ta l  I tem s Item s

I - E  .68 .7 2  .70 .67  .75

E - I  .76 .76 .76 .7 9  .75

I - E - I  .70 .72 .71 .6 7  .75

E .64 .68 .66 .57  .76

I  .63 .62 .62 .64  .61
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TABLE 2

A na ly s is  o f  V a r ia n c e :  
P r o b a b i l i t y  o f  C o r re c t  Responses

source SS d f m .s .

Groups

E r r o r

T r i a l s

Groups x 
T r i a l s

E r r o r

3401.87

11386.01

89 .71

1 8 6 .8 1

2351.16

4

70

1

4

70

850 .47

1 6 2 .6 6

8 9 .71

4 6 .7 0

33 .59

5 .2 3  .0 1

2 .6 7  n . s .  

1 .3 9  n . s .
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TABLE 3

Mean Response L a te n c ie s  
f o r  each  Group i n  Seconds

Group T r i a l  1 T r i a l  2 T o ta l

I -E  7 .1  5 .7  6 .4

E - I  4 .9  4 .4  4 .7

I - E - I  6 .4  5 .3  5 .8

E 9 .4  8 .2  8 .8

I  4 .2  3 .8  4 .0
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TABLE 4

Analysis of Variance: 
Response latencies

Source SS d f m. s « P P

Groups 409 .71 4 102.43 5 .95 .001

E r ro r 1204.01 70 17.20

T r i a l s 31 .47 1 31.47 26 .92 .001

Groups x 
T r i a l s 6 .1 1 4 1.53 1.31 n . s .

E r ro r 8 1 .8 2 70 1.17
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TABLE 5

C o r r e l a t i o n s  f o r  Each Group Between Accuracy, 
l a t e n c y  and Level o f  Confidence Measures

Group I -E

Accuracy Latency C onfidence  Level

Accuracy
la te n c y
C onfidence Level

- .1 9 - .4 8 *
.01

Group E - I

Accuracy
L atency
C onfidence Level

.12 .26
.07

Group I - E - I

Accuracy
Latency
C onfidence Level

.27 .29
.01

Group E

Accuracy
la te n c y
Confidence Level

.12 .17
.10

Group I

Accuracy
Latency
C onfidence Level

- .4 6 * .18
- .3 2

*P <  .05
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TABLE 6

Frequency o f  Gram m atical (G) and Nongramm atical (NG) 
Responses to  Gramm atical and Nongrammatical I tem s  f o r

Each Group3

Group Item

Response G NG T o ta l

I-E G 509 206 715
NG 2 4 l 544 785

E - I G 533 186 769
NG 167 564 731

I - E - I G 505 193 6 9 8
NG 245 557 802

E G 425 179 604
NG 325 570 8 9 6

I G 477 295 772
NG 273 455 728

a Group d i f f e r e n c e s  a r e  h ig h ly  s i g n i f i c a n t ,  p ^ . 0 0 1 .

A ll g ro u p s  were a b le  t o  d i s c r i m i n a t e  g ra m m a t ic a l i ty  from 
n o n g ra m m a tic a l i ty  a t  f a r  b e t t e r  th a n  chance l e v e l s .

Note a l s o  t h a t  Group E shows a s t r o n g  b ia s  toward n on ­
g ram m atica l  r e s p o n s e s .
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TABLE 7

Comparisons betw een th e  D e t e c t a b i l i t y  o f  th e  
V ario u s  Types o f  V i o l a t i o n s  o f  th e  Grammar3

Group I-E£ I F L R

sb n . s . .05 .02 .01
I - .05 .02 .01
F - n . s . .01
L - n . s .
R -

Group E-I
S I F L R

S n . s . .05 .05 .001
I - .01 .01 .001
F - n . s . .01
L - n . s .
R -

Group I-E-I
s I F L R

S n . s . n . s . n . s . .01
I - n . s . .01 .001
F - n . s . .001
L - .01
R -

Group E
s I F L R

S n . s . n . s . .02 .01
I - n . s . .05 .01
F - .05 .001
L - n . s .
R -

Group I
s I F L R

S n . s . n . s . n . s . .02
I - n . s . n . s . .005
F - n . s . .02
L - .01
R -
a The e n t r i e s  g iv e  the  l e v e l  o f  s i g n i f i c a n c e  o f  a l l  compa­
r i s o n s  betw een ty p es  o f  v i o l a t i o n s .  For exam ple, i n  Group 
I -E ,  random i te m s  (R) were d e te c te d  a s  nongram m atica l more 
a c c u r a t e l y  th a n  were i n t e m a l - e r r o r  i te m s  ( I )  and th e  
com parison  was s i g n i f i c a n t  a s  p {  . 0 1 .
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b The f i v e  ty p e s  o f  v i o l a t i o n s  were c l a s s i f i e d  a s  f o l lo w s :

Second from l a s t  l e t t e r  (S)
I n t e r n a l  l e t t e r  ( i )
F i r s t  l e t t e r  IF)
L a s t  l e t t e r  (L)
Random l e t t e r s  (R)
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TABLE 8

T e s t  o f  Simple D e te c t io n  Model f o r  each  Group3

1—

Group

I--E E-■l I -E - I E I

Pred Obs Pred Obs Pred Obs Pred Obs Pred Obs

P(CC) 424 424 500 500 433 433 408 408 361 361

P(CE) 109 94 33 80 106 93 114 86 130 111

P(EC) 109 115 83 87 106 104 114 118 130 98

P(EE) 109 117 83 83 106 120 114 138 130 180

X  = 2 .9 8
2.

~X - .30 'X 's  3 .44 X ”- 1 2 . 0 6 * X 1’-29.87^

E s t im a te
o f  k .43 a.56 .44 .39 .31

* p (  .005
** p < . 0 0 1

a The model i s  r e j e c t e d  f o r  Groups E and I  b u t  n o t  f o r  Groups 
I -E ,  E - I ,  and I - E - I .
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APPENDIX I

The 21 Grammatical Item s Used as  L earn ing  S t im u li  
During th e  T ra in in g  Phase

PW

TSXS

TSSXXVPS

PVPXVPS

TSSSXXW

PTVPXW

TXXVPXW

PTTW

TSXXTVPS

TXXTVPS

PTVPS

TXS

PVPXTVPS

TXXTTTW

PTTTVPS

TSSSXS

TSSXXW

PVPXW

PTVPXTW

TXXVPS

TSXXTW



APPENDIX I I

The 50 T es t  I tem s , 25 Grammatical and 
25 N ongram m atical, each  shown tw ice

*VPXTW
TSSXS

♦PXPVXVTT
♦TXVP3

PVPSPTTTTTW
*TXXTVPT
♦PTVPPPS

TSXXW
*PSXS
♦VSTXWX
TXXTTW

*PTWV
PTTVPS
TSSXXVPS

*TXV
♦PVTTTW

TXXW
PTTTW
TSXXVPS

♦SXXVPS
*PTTTVT
PTVPXVPS

♦TXXVS
PVPXW

TXS
♦PTVPXVSP
TSSXXTW
PVPXTVPS

♦XXSVT
♦TPTXS
*PVXPVXPX
*TXPV
TSXXTTW
PTW
TXXTTVPS

♦TSXXPV
♦PTTPS

TXXTW
PTTTTVPS
TSXXTVPS

*TTW
PTTVPXW

♦TSSXXVSS
PVPXTTW

*PVTW
♦SVPXTW
♦PTTTVPVS
TS3SSXS
PW

♦R epresen ts  a nongram m atica l i te m
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