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J o h n s o n ' s  (1966) d e c o d i n g - o p e r a t i o n  m o d e l  p r o p o s e s  a  w ay  in 

w h ic h  s u b j e c t s  (Ss) l e a r n  to r e c a l l  a r e s p o n s e  d u r i n g  l e a r n i n g .  The  

m o d e l  a s s u m e s  th a t  Ss d iv ide  the e l e m e n t s  of a  r e s p o n s e  into g r o u p s  o r  

chunks  (M i l l e r ,  1956), e a c h  chunk  be in g  r e m e m b e r e d  by a s ing le  code 

o r  m n e m o n i c  d e v ic e .  The m o d e l  f u r t h e r  a s s u m e s  th a t  chunks  a r e  

o r g a n i z e d  in to  h i g h e r - o r d e r  ch u n k s  ( i . e .  , chunks  of chunks)  and a t  the 

' top of the  chunk  h i e r a r c h y  one  code  r e p r e s e n t s  the  e n t i r e  r e s p o n s e .  

When the s t i m u l u s  is  p r e s e n t e d ,  the  m o d e l  a s s u m e s  th a t  Ss  r e c a l l  the 

code  r e p r e s e n t i n g  the e n t i r e  r e s p o n s e .  Ss then  d eco d e  down th ro u g h  

the  chunk  h i e r a r c h y  t r a n s l a t i n g  e a c h  of the c o d es  into i t s  c o m p o n e n t s ,  

s t o r i n g  a l l  bu t  the  f i r s t  c o m p o n e n t  in s h o r t  t e r m  m e m o r y  (STM), whi le  

the  f i r s t  c o m p o n e n t  is  d eco d ed  in to  i t s  c o m p o n e n t s .  If, when a code is  

d eco d e d  into i t s  c o m p o n e n t s ,  the  f i r s t  c o m p o n e n t  is  a  n o n r e d u c ib l e  

r e s p o n s e  e l e m e n t ,  i t  i s  p r o d u c e d  o v e r t l y ,  and S then  r e t r i e v e s  the 

nex t  e l e m e n t  f r o m  STM  and p r o d u c e s  it o v e r t l y .

The  m o d e l  is  i l l u s t r a t e d  in F i g u r e  1. In s t ep  1, the  s t i m u l u s  

e l i c i t s  the  code w h ich  r e p r e s e n t s  the  e n t i r e  r e s p o n s e .  In s tep  2, the 

code is d eco d ed  into i t s  c o m p o n e n t s ,  w h ic h  in the  i l l u s t r a t i o n  a r e  co d es  

A  and  E.  In s t ep  3, code  E is  h e ld  in ST M ,  w h i le  code  A  is  d ecoded  

into i t s  c o m p o n e n t s ,  w h ich  a r e  n o n r e d u c i b l e  r e s p o n s e  e l e m e n t s  D and 

X. In s tep  4, e l e m e n t  X is he ld  in STM , w h i le  e l e m e n t  D is  p r o d u c e d  

o v e r t l y .  In s t e p  5, S r e t r i e v e s  X f r o m  STM and p r o d u c e s  it o v e r t l y .
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In s t e p  6 , code  E is  r e t r i v e d  f r o m  S T M  and d eco d e d  in to  i t s  c o m p o n e n t s ,  

w h ic h  a r e  n o n r e d u c i b l e  r e s p o n s e  e l e m e n t s  R and M. " In s t ep  7, S ho lds  

e l e m e n t  M in S T M , w h i l e  R is  p r o d u c e d  o v e r t l y .  In s t e p  8 , e l e m e n t  M 

i s  r e t r i v e d  f r o m  STM  and p r o d u c e d  o v e r t l y .

One i m p l i c a t i o n  of the  d e c o d i n g - o p e r a t i o n  m o d e l  is  th a t  m o r e  

d e co d in g  o p e r a t i o n s  o c c u r  a t  the  t r a n s i t i o n  b e tw ee n  the s t i m u l u s  and 

f i r s t  r e s p o n s e  e l e m e n t  ( i . e .  , the  z e r o  t r a n s i t i o n )  and a t  the  t r a n s i t i o n s  

' b e tw e e n  chu n k s  than a t  the  t r a n s i t i o n s  b e tw ee n  e l e m e n t s  of the  s a m e  

chunk .  If i t  i s  a s s u m e d  th a t  Ss t e r m i n a t e  t h e i r  r e s p o n s e  a t t e m p t  w h e n 

e v e r  th e y  b e c o m e  u n c e r t a i n ,  and  the  l ik e l ih o o d  of b e c o m i n g  u n c e r t a i n  

is  a  func t ion  of the  n u m b e r  of d e co d in g  o p e r a t i o n s  a t  a  t r a n s i t i o n ,  the 

m o d e l  can  m a k e  c e r t a i n  p r e d i c t i o n s .  F i r s t ,  the  p r o b a b i l i t y  of t e r m i 

n a t in g  shou ld  be h i g h e r  a t  z e r o  and  b e t w e e n - c h u n k  t r a n s i t i o n s  than a t  

w i t h i n - c h u n k  t r a n s i t i o n s .  S econd ,  the  p r o b a b i l i t y  of t e r m i n a t i n g  a t  a 

z e r o  t r a n s i t i o n  shou ld  be a func t ion  of the  n u m b e r  of chunks  w i th in  t h e '  

r e s p o n s e .  T h i r d ,  the  p r o b a b i l i t y  of t e r m i n a t i n g  a t  a  b e tw e e n - c h u n k  

t r a n s i t i o n  shou ld  be a  func t ion  of the n u m b e r  of chunk  m e m b e r s  in the  

chunk  w h ich  fo l low s  the t r a n s i t i o n .

The  ab o v e  p r e d i c t i o n s  w e r e  t e s t e d  in a  s e t  of s tu d i e s  by J o h n s o n  

(1.966). Ss l e a r n e d  p a i r e d  a s s o c i a t e s  in w h ich  the s t i m u l i  w e r e  s ing le
. mo

d ig i t s  and  e a c h  r e s p o n s e  c o n s i s t e d  of two o r  m o r e  g r o u p s  of  l e t t e r s  

( e . g . ,  D H Q M Z ) .  A b lan k  sp a c e  a p p e a r e d  b e tw ee n  e a c h  g ro u p .  J o h n so n  

a s s u m e d  th a t  Ss would  use  the  b lan k  s p a c e s  a s  a w ay  of d iv id ing  a r e s p o n s  

in to  ch u n k s ,  and  the  d a t a  s u p p o r t e d  the a s s u m p t i o n .  A c c o r d i n g  to the
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d e c o d i n g - o p e r a t i o n  m o d e l ,  the  p r o b a b i l i t y  of t e r m i n a t i n g  should  be 

h i g h e r  a t  the  z e r o  and  b la n k  s p r e e  t r a n s i t i o n s  than  a t  t r a n s i t i o n s  

b e tw e e n  l e t t e r s  of the  s a m e  g ro u p .  Seco n d ,  the  p r o b a b i l i t y  of t e r m i 

na t ing  a t  the  z e r o  t r a n s i t i o n  shou ld  be a  func t ion  of the  n u m b e r  of 

chunks  w i th in  the  r e s p o n s e .  T h i r d ,  the  p r o b a b i l i t y  of t e r m i n a t i n g  at  

a  chunk  b o u n d a r y  shou ld  be a  fun c t io n  of the  n u m b e r  of l e t t e r s  in the 

chunk  w h ic h  fo l lows  the  t r a n s i t i o n .  A l l  p r e d i c t i o n s  w e r e  s u p p o r t e d .

A s ec o n d  i m p l i c a t i o n  of the d e c o d i n g - o p e r a t i o n  m o d e l  is  th a t  

w i th in  a  chunk  the code  is  a s s o c i a t e d  d i r e c t l y  w i th  e a c h  of  i t s  chunk  

m e m b e r s .  No a s s o c i a t i o n s  b e tw e e n  chunk  m e m b e r s  a r e  a s s u m e d .

T h e  m o d e l  w ould  p r e d i c t  t h a t  if  a  chunk  m e m b e r  w a s  s u b m i t t e d  to 

u n l e a r n i n g  u s in g  a  r e t r o a c t i v e  inh ib i t io n  (RI) t e c h n i q u e ,  r e c a l l  of the  

o t h e r  chunk  m e m b e r s  shou ld  not be e f f e c t e d .

So m e  s u p p o r t  f o r  the  above  p r e d i c t i o n  i s  found in an u n p u b l i sh ed  

(RI) s tudy  by J o h n s o n  ( p e r s o n a l  c o m m u n i c a t i o n ) .  E x p e r i m e n t a l  Ss 

l e a r n e d  p a i r e d - a s s o c i a t e  l i s t s  w i th  d ig i t s  a s  s t i m u l i  and  l e t t e r  s e q u e n c e s  

a s  r e s p o n s e s  ( e . g . ,  2 -D H Q  M P Z  T F L ) .  The  Ss then  l e a r n e d  a second  

and s i m i l a r  l i s t  ( e . g .  , 2 DXQ M PR T F L ) .  T h e n ,  Ss r e c a l l e d  both s e t s  

of r e s p o n s e s  u s in g  the  m o d i f i e d - m o d i f i e d - f r e e - r e c a l l  (M M FR) t e c h n iq u e .  

I t  shou ld  be noted  th a t  s o m e  chunks  had  a  s in g le  l e t t e r  w h ic h  changed  

f r o m  f i r s t  to s ec o n d  l i s t  ( e . g .  , DHQ to DXQ), w h i le  o t h e r  chunks  

r e m a i n e d  unch an g ed  ( e . g .  , T F L ) .  J o h n s o n  a s s u m e d  th a t  fo r  changed  

chunks  the f i r s t - l i s t  code  would  be u n l e a r n e d  d u r i n g  s e c o n d - l i s t  l e a r n i n g .



A c c o r d i n g  to the  d e c o d i n g - o p e r a t i o n  m o d e l ,  the  ch an g e d  chunk  u n l e a r n 

ing should  not e f f e c t  r e c a l l  of the  u n c h an g ed  ch u n k s .

The  r e s u l t s  fo r  r e c a l l  of f i r s t - l i s t  r e s p o n s e s  on the  M M F E  w e r e  

a s  fo l lo w s .  F i r s t ,  it  a p p e a r e d  th a t  the  c o d e s  f o r  changed  chunks  w e r e  

u n l e a r n e d  d u r in g  s e c o n d - l i s t  l e a r n i n g ;  e x p e r i m e n t a l  Ss could  not r e c a l l  

u n c h an g ed  l e t t e r s  f r o m  c h an g e d  chunks  a s  w e l l  a s  a  c o n t r o l  g ro u p  w h ic h  

had  not l e a r n e d  the  s ec o n d  l i s t .  Second ,  the  ch an g e d  l e t t e r  a l s o  w as  

•un lea rn ed  d u r in g  s e c o n d - l i s t  l e a r n i n g ;  e x p e r i m e n t a l  Ss could  not r e c a l l  

the  ch an g e d  l e t t e r s  a s  w e l l  a s  the  u n c h an g e d  l e t t e r s  f r o m  the ch an g ed  

c h u n k s .  T h i r d ,  u n l e a r n i n g  of c h an g e d  chunk  c o d es  did not e f fec t  r e c a l l  

of u n c h an g ed  chunks  c o d e s ;  e x p e r i m e n t a l  and  c o n t r o l  Ss did not d i f f e r  

s i g n i f i c a n t l y  in t h e i r  r e c a l l  of l e t t e r s  from. u n c h an g e d  ch u n k s .

In the p r e s e n t  s tudy  e x p e r i m e n t a l  Ss l e a r n e d  p a i r e d  a s s o c i a t e s  

in the two l i s t s .  D ig i t s  w e r e  the s t i m u l i  and t r i g r a m s  w e r e  the r e s p o n s e s .  

T he  two l i s t s  w e r e  i d e n t i c a l  e x c e p t  in the s e c o n d  l i s t  the m id d le  l e t t e r  of 

the  t r i g r a m s  w a s  c h an g e d .  A f t e r  s e c o n d - l i s t  l e a r n i n g ,  Ss w e r e  t e s t e d  

u s in g  the  M M F E  t e c h n i q u e .  On the  b a s i s  of the r e s u l t s  f r o m  J o h n s o n ' s  

R I  s tu d y ,  i t  w a s  a s s u m e d  th a t  the  ch an g ed  l e t t e r  of f i r s t - l i s t  chunks  

w ould  be u n l e a r n e d  d u r in g  s e c o n d - l i s t  l e a r n i n g .  A c c o r d i n g  to the 

d e c o d i n g - o p e r a t i o n  m o d e l ,  the  fo l lowing p r e d i c t i o n  w as  m a d e .  U nde r  

c o n d i t io n s  of code  r e c a l l ,  the  r e c a l l  of u n c h an g e d  l e t t e r s  f r o m  f i r s t - l i s t  

chu n k s  should  not be e f f e c t e d .  It i s  a s s u m e d  the code  is  r e c a l l e d  w h e r e  

a t  l e a s t  one chunk  m e m b e r  h a s  b e en  r e c a l l e d .
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The  p r e s e n t  s tu d y  h a d  a  s ec o n d  p u r p o s e .  A  s tudy  by P o s t m a n ,  

Kepp'el  and  S t a r k  (1965) i n d i c a t e d  th a t  w h e r e  f i r s t  and s e c o n d - l i s t  

r e s p o n s e s  w e r e  f r o m  th e  s a m e  c l a s s  ( e . g .  , b i g r a m s )  t h e r e  is  m o r e  

u n l e a r n i n g  of f i r s t - l i s t  r e s p o n s e s  than  w h e r e  the  two s e t s  of r e s p o n s e s  

w e r e  f r o m  d i f f e r e n t  c l a s s e s  ( e . g .  , b i g r a m s  and a d j e c t i v e s ) .  In the  

p r e s e n t  s tudy ,  i t  w a s  h y p o t h e s i z e d  th a t  if f i r s t  and  s e c o n d - l i s t  chunks  

w e r e  u n p r o n o u n c e a b le  t r i g r a m s  ( i . e . ,  C C C ' s )  t h e r e  shou ld  be m o r e  

u n l e a r n i n g  of f i r s t - c h u n k  c o d e s  and  c h an g ed  l e t t e r s  than  if  one s e t  of 

chunks  w a s  u n p r o n o u n c e a b le  t r i g r a m s  ( i . e . ,  C C C ' s )  and the  o t h e r  s e t  

w a s  p r o n o u n c e a b l e  t r i g r a m s  ( i . e . ,  C V C ' s ) .  It w a s  a s s u m e d  tha t  

u n p r o n o u n c e a b le  t r i g r a m s  a r e  f r o m  the  s a m e  c l a s s ,  w h i le  u n p r o n o u n c e 

a b le  and  p r o n o u n c e a b l e  t r i g r a m s  a r e  f r o m  d i f f e r e n t  c l a s s e s .  Code 

u n l e a r n i n g  w a s  m e a s u r e d  by the  n u m b e r  of t i m e s  Ss w e r e  not ab le  to 

r e c a l l  c o r r e c t l y  any m e m b e r  of a chunk  (i. e. , a  c o m p le t e  e r r o r ) ,  w h i le  

c h an g ed  l e t t e r  u n l e a r n i n g  w a s  m e a s u r e d  by the  p r o b a b i l i t y  of r e c a l l i n g  

the  c h an g e d  l e t t e r  g iven  the  r e c a l l  of the  code  a s  e v id e n c e d  by the  r e c a l l  

of a t  l e a s t  one u n c h an g e d  l e t t e r .



M E T H O D  ;

T he  c o n d i t io n s  of the  e x p e r i m e n t  m a y  be v ie w ed  a s  t h r e e  

e x p e r i r n e n t s , e a c h  of w h ic h  invo lved  an e x p e r i m e n t a l  and  c o n t r o l  g ro u p .  

The  e x p e r i m e n t a l  g r o u p s  l e a r n e d  two p a i r e d - a s s o c i a t e  l i s t s  in w h ic h  the 

s t i m u l i  w e r e  s ing le  d ig i t s  1 to 5 and r e s p o n s e s  w e r e  u n p r o n o u n c e a b l e  

(U) o r  p r o n o u n c e a b l e  (P) t r i g r a m s  ( i . e .  , C C C ' s  o r  C Y C ' s ) .  D u r in g  

l e a r n i n g  Ss w e r e  r e q u i r e d  to p ro n o u n c e  e a c h  l e t t e r  of the  r e s p o n s e .

F o r  one e x p e r i m e n t a l  g ro u p  (U-U),  the  r e s p o n s e s  of bo th  l i s t s  w e r e  

u n p r o n o u n c e a b l e ;  fo r  a s eco n d  g ro u p  (P -U ) ,  f i r s t  and  s e c o n d - l i s t  

r e s p o n s e s  w e r e  p ro n o u n c e a b le  and  u n p r o n o u n c e a b l e ,  r e s p e c t i v e l y ;  f o r  

a  t h i r d  g ro u p  ( U -P ) ,  f i r s t  and s e c o n d - l i s t  r e s p o n s e s  w e r e  u n p r o n o u n c e 

a b le  and p r o n o u n c e a b l e ,  r e s p e c t i v e l y .  F o r  e a c h  e x p e r i m e n t a l  g ro u p ,  

e a c h  p a i r e d  a s s o c i a t e  in the  f i r s t  l i s t  w a s  n e a r l y  i d e n t i c a l  to a  p a i r e d  

a s s o c i a t e  in the  s econd  l i s t .  Only the m id d le  l e t t e r s  o f  the  two p a i r e d -  

a s s o c i a t e  r e s p o n s e s  in e a c h  c a s e  w e r e  d i f f e r e n t .

T h e  c o n t r o l  g ro u p  (c) in e a c h  e x p e r i m e n t  (U -U c ,  P - U c  and  U - P c )  

l e a r n e d  the  f i r s t  l i s t  th a t  w a s  l e a r n e d  by the  e x p e r i m e n t a l  g ro u p ,  and 

th e n  p e r f o r m e d  a s y m b o l  c a n c e l l a t i o n  t a s k  t h a t  m a t c h e d  the  t i m e  r e q u i r e d  

fo r  the  e x p e r i m e n t a l  g r o u p  to l e a r n  the s e c o n d  l i s t .  F o r  the s y m b o l

c a n c e l l a t i o n  t a s k ,  Ss w e r e  p r e s e n t e d  a s e r i e s  of  s y m b o l s  and  n u m b e r s
“ “  /

a t  the  top of a  s h e e t  of p a p e r .  T h e y  w e r e  told  t h a t  e a c h  s y m b o l  r e p r e 

s e n t e d  the n u m b e r  below it .  The  s y m b o l s  w e r e  p r e s e n t e d  a g a in  f u r t h e r
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down the  s h e e t  in r a n d o m  o r d e r  w i th  e a c h  s y m b o l  be ing  r e p e a t e d  a 

n u m b e r  of t i m e s .  T he  Ss w e r e  a s k e d  to c r o s s  out e a c h  sy m b o l  and 

w r i t e  below it the  n u m b e r  w h ic h  the  s y m b o l  r e p r e s e n t e d .  The  Ss w e r e  

a l low ed  to r e f e r  to the  top of the  s h e e t  t h r o u g h o u t  the  t a s k .

A f t e r  s e c o n d - l i s t  l e a r n i n g ,  e x p e r i m e n t a l  Ss w e r e  r e q u i r e d  to 

r e c a l l  both s e t s  of r e s p o n s e s  u s in g  the M M F E t e c h n i q u e .  The  Ss w e r e  

su p p l ied  a s h e e t  of p a p e r  on w h ic h  the  s t i m u l i  w e r e  l i s t e d .  T h e y  w e r e  

a s k e d  to supply  the r e s p o n s e s  f r o m  both l i s t s  on two s e t s  of t h r e e  

b l a n k s .  A f t e r  they had  w r i t t e n  down the r e s p o n s e s ,  th e y  w e r e  a s k e d  to 

iden t i fy  the l i s t  to w h ic h  e a c h  r e s p o n s e  be lo n g ed .  The  c o n t r o l  Ss w e r e  

a s k e d  to supply  the  r e s p o n s e s  f r o m  the f i r s t  l i s t  on one s e t  of t h r e e  

b lan k s  n ex t  to e a c h  s t i m u l u s .  U n l im i te d  t i m e  w a s  g iven  fo r  the re .cal l  

t e s t .

A l l  l i s t s  w e r e  l e a r n e d  to a c r i t e r i o n  of one p e r f e c t  t r i a l .  The  

l i s t s  w e r e  p r e s e n t e d  by the  s t a n d a r d  a n t i c ip a t i o n  p r o c e d u r e  a t  a 2  s e c  :

2  s e c  r a t e  w i th  a 2  s ec  i n t e r t r i a l  i n t e r v a l .  —

L i s t s

Two f i r s t  and s ec o n d  l i s t s  w e r e  u s ed  in e a c h  e x p e r i m e n t .  The  

r e s p o n s e s  f r o m  the l i s t s  a r e  p r e s e n t e d  in T a b le  1. O n e - h a l f  of e a c h  

e x p e r i m e n t a l  and  c o n t r o l  g r o u p  l e a r n e d  one of the  f i r s t  l i s t s ,  w h i le  the 

o t h e r  h a l f  of each  g ro u p  l e a r n e d  the  o t h e r  f i r s t  l i s t .  O n e - h a l f  of e a c h  

e x p e r i m e n t a l  g ro u p  l e a r n e d  one of the  s eco n d  l i s t s ,  w h i le  the  o t h e r  h a l f  

l e a r n e d  the o t h e r  s e c o n d  l i s t .  The  two f i r s t  l i s t s  u s e d  f o r  g ro u p  P - U  

w e r e  i d e n t i c a l  to the  two s ec o n d  l i s t s  u s ed  fo r  g ro u p  U - P .  The  two
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t a b l e  1

T h e  S t i m u l i  and  R e s p o n s e s  U sed  
in the  P a i r e d - A s s o c i a t e  L i s t s

U-U  L i s t s

1 -R W L 1-RI-IL 1-Z G Q 1 - Z T Q

2 - C Z K 2-C Q K 2 - R J M 2 - R B M

3-DSX 3 -D P X 3-KSW 3-KHW

4 -M G B 4 - M J B 4 - C N P 4 - C F P

5 - N F Y 5 -N T  V 5-DXV 5 -D L V

P - U  and U - P  L i s t s

1 -C A Z 1 - G P Z 1 -DAQ 1-DHQ

2-NUK 2-NGK 2 - T E P 2 - T J P

3 - B E X 3 -B M X 3 -G IZ 3 -G M Z

4-W O Q 4-W SQ 4 -C U X 4 -C S X

5 - J I D 5 - J F D 5 - N O F 5 - N L F
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s e c o n d  l i s t s  u s e d  f o r  th e  P - U  g r o u p  w e r e  i d e n t i c a l  to the  two f i r s t  l i s t s  

u s e d  fo r  th e  U - P  g roup .

A n a t t e m p t  w a s  m a d e  to e q u a te ,  a s  n e a r l y  a s  p o s s i b l e ,  the  

r e s p o n s e s  of th e  l i s t s  on  a s s o c i a t i o n  v a lu e .  T h e  a s s o c i a t i o n  v a l u e s  fo r  

th e  C C C ' s  w e r e  t a k e n  f r o m  th e  W i t m e r  n o r m s  c i t e d  in U n d e rw o o d  and 

S c h u lz e  ( I960) ,  w h i l e  th e  a s s o c i a t i o n  v a l u e s  fo r  the  C V C ' s  w e r e  t a k e n  

f r o m  A r c h e r  ( I960) .  To c o n t r o l  f o r  i n t r a l i s t  s i m i l a r i t y ,  no l e t t e r  w a s  

r e p e a t e d  w i th in  any  l i s t .  T he  a s s o c i a t i o n  v a l u e s  f o r  fo u r  of th e  five  

r e s p o n s e s  f o r  th e  two U -U  f i r s t  l i s t s  w e r e  b e tw e e n  40. 5% and  29. 5%, 

w h i l e  th e  a s s o c i a t i o n  v a l u e s  f o r  f o u r  of th e  five  r e s p o n s e s  f o r  th e  two 

s e c o n d  U - U  l i s t s  w e r e  b e tw e e n  38. 5% and  24. 5%. F o r  one of the  

r e s p o n s e s  in  e a c h  of t h e  f i r s t  an d  s e c o n d  U -U  l i s t s ,  an  a s s o c i a t i o n  

v a lu e  co u ld  no t  be  o b ta in ed .  T h e s e  r e s p o n s e s  w e r e  s e l e c t e d  f r o m  

A p p e n d ix  F  of U n d e rw o o d  and  S c h u lz e  (196 0) on the  b a s i s  of t h e i r  

r e l a t i v e l y  lo w  l e t t e r  to l e t t e r  a s s o c i a t i o n  v a l u e s .  F o r  t h e s e  r e s p o n s e s ,  

t h e  m e a n  n u m b e r  of Ss w h ic h  g ave  the  s e c o n d  l e t t e r  a s  an  a s s o c i a t e  to 

th e  f i r s t  l e t t e r  w a s  4. 5, and  the  m e a n  n u m b e r  of Ss  w h ic h  gave  th e  t h i r d  

l e t t e r  a s  an  a s s o c i a t e  to  the  f i r s t  and  s e c o n d  l e t t e r  w a s  3. 5. T h e  a s s o 

c i a t i o n  v a l u e s  f o r  the  two P - U  f i r s t  l i s t s ,  th u s  the  two U - P  s e c o n d  l i s t s ,  

w e r e  b e t w e e n  32. 4% and  37. 6 %. T h e  v a l u e s  f o r  the  two P - U  sec o n d  l i s t s ,  

t h u s  th e  two U - P  f i r s t  l i s t s ,  w e r e  b e t w e e n  33. 0% an d  34. 0%.
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S u b je c t s

The  Ss  w e r e  120 i n t r o d u c t o r y  p s y c h o lo g y  s t u d e n t s  a t  th e  Ohio 

S ta te  U n i v e r s i t y .  A n  equa l  n u m b e r  of  Ss  w e r e  a s s i g n e d  in  a l t e r n a t i n g  

o r d e r  to e a c h  of th e  t h r e e  e x p e r i m e n t a l  and  c o n t r o l  g r o u p s .



R E S U L T S

F i r s t - l i s t  l e a r n i n g

The  m e a n  n u m b e r  o£ t r i a l s  to c r i t e r i o n  fo r  U -U ,  P - U ,  U - P ,

U -U c ,  P - U c ,  and  U - P c  w a s  2 7 . 2 0 ,  14 .6 5 ,  18 .3 5 ,  2 3 .5 0 ,  1 5 .7 0 ,  and 

2 3 .0 5 ,  F (5 ,  114)=5. 18, p < .  05. The  m e a n  n u m b e r  of e r r o r s  to c r i t e r i o n  

f o r  U -U ,  P - U ,  U - P ,  U - U c ,  P - U c ,  and U - P c  w a s  7 5 .3 5 ,  3 8 .3 5 ,  5 1 . 3 0 ,  

6 3 .6 0 ,  4 0 . 1 5 ,  and 6 1 . 3 0 ,  F (5 ,  1 14) = 4. 65, p-\. 05. D u n c a n ' s  ( E d w a r d s ,  

I 9 6 0 ) m u l t i p l e  r a n g e  t e s t  w a s  u s ed  to d e t e r m i n e  w hich  of the  d i f f e r e n c e s  

b e tw e e n  the  m e a n s  on the two m e a s u r e s  of f i r s t - l i s t  p e r f o r m a n c e  w e r e  

s ig n i f i c a n t  a t  the  . 05 l e v e l .  G r o u p s  U-U,  U -U c ,  and U - P c  w e r e  not 

s ig n i f i c a n t ly  d i f f e r e n t  f r o m  e a c h  o t h e r  on e i t h e r  m e a s u r e ;  g r o u p s  P - U  

and P - U c  w e r e  not s i g n i f i c a n t l y  d i f f e r e n t  f r o m  e a c h  o t h e r  on e i t h e r  

m e a s u r e ;  g r o u p s  U -U  and U - P  w e r e  s ig n i f i c a n t ly  d i f f e r e n t  f r o m  e a c h  

o t h e r  on bo th  m e a s u r e s ;  g r o u p s  U -U ,  U -U c ,  and  U - P c  w e r e  s ig n i f i c a n t ly  

d i f f e r e n t  f r o m  P - U  an d  P - U c  on bo th  m e a s u r e s .  F o r  the  m o s t  p a r t ,  

g r o u p s  l e a r n i n g  u n p r o n o u n c e a b l e  t r i g r a m s  took  a s i g n i f i c a n t ly  g r e a t e r  

n u m b e r  of t r i a l s  to r e a c h  c r i t e r i o n  and  had  a s i g n i f i c a n t ly  g r e a t e r  

n u m b e r  of e r r o r s  to c r i t e r i o n .  It a p p e a r s  tha t  w h e r e  C C C ' s  and C V C 's  

a r e  n e a r l y  eq u a te d  on a s s o c i a t i o n  v a lu e ,  the  C C C ' s  a r e  s t i l l  m o r e  d i f f i 

cu l t  to l e a r n .  T h e s e  r e s u l t s  a r e  in a c c o r d  w i th  t h o s e  o b ta in e d  by 

U nderw ood  and S c h u lz e  ( I960) .

12
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S e c o n d - l i s t  l e a r n i n g

The  m e a n  n u m b e r  of t r i a l s  to c r i t e r i o n  fo r  U -U ,  P - U ,  and  U - P  

w a s  1 0 .2 0 ,  15. 35, and 7 . 5 5 ,  F (2 ,  57) = 27. 44, p < . 0 5 .  T h e  m e a n  n u m b e r  

of e r r o r s  to c r i t e r i o n  fo r  U -U ,  P - U ,  and U - P  w a s  2 4 . 2 5 ,  3 9 .0 5 ,  and 

1 5 .6 5 ,  F (2 ,  57) = 9. 10, p < \ 0 5 .  D u n c a n ' s  ( E d w a r d s ,  I960) m u l t i p l e  r a n g e  

t e s t  w a s  u s ed  to d e t e r m i n e  w h ic h  of the d i f f e r e n c e s  b e tw ee n  m e a n s  on 

the  two m e a s u r e s  of s e c o n d - l i s t  p e r f o r m a n c e  w e r e  s ig n i f i c a n t  a t  the  . 05 

l e v e l .  G ro u p  P - U  took  a  s ig n i f i c a n t ly  g r e a t e r  n u m b e r  of t r i a l s  to r e a c h  

c r i t e r i o n  than g r o u p  U - P  and had  a s ig n i f i c a n t ly  g r e a t e r  n u m b e r  of 

e r r o r s  to c r i t e r i o n  than g ro u p  U - P .  T h i s  r e s u l t  s u p p o r t s  the  g e n e r a l i 

z a t io n  m a d e  e a r l i e r  th a t  w h e r e  C C C ' s  and  C V C 's  a r e  n e a r l y  e q u a te d  on 

a s s o c i a t i o n  v a lu e ,  the  C C C ' s  a r e  s t i l l  m o r e  d i f f i cu l t  to l e a r n .  G ro u p  

P - U  a l s o  took a  s ig n i f i c a n t ly  g r e a t e r  n u m b e r  of t r i a l s  to r e a c h  c r i t e r i o n  

than  g ro u p  U-U  and had  a  s ig n i f i c a n t ly  g r e a t e r  n u m b e r  of e r r o r s  to 

c r i t e r i o n  than  g r o u p  U -U .  It cou ld  be t h a t  w h e r e  f i r s t  and  s e c o n d - l i s t  

r e s p o n s e s  a r e  C C C ' s ,  the  s e t  to give C C C ' s  w h ic h  is  l e a r n e d  d u r in g  

f i r s t - l i s t  l e a r n i n g  f a c i l i t a t e s  s e c o n d - l i s t  l e a r n i n g .  G ro u p  U - P  and U-U  

did not d i f f e r  s i g n i f i c a n t l y  f r o m  e a c h  o t h e r .

E e c a l l  . - —

T h e  r e c a l l  of f i r s t - l i s t  r e s p o n s e s  fo r  the  t h r e e  e x p e r i m e n t a l  and 

c o n t r o l  g r o u p s  is  p r e s e n t e d  in T a b le  2. T he  r e s u l t s  in c lu d e  the  m e a n  

n u m b e r  of c o m p l e t e  e r r o r s ,  the p r o b a b i l i t y  of r e c a l l i n g  a  c h an g ed  l e t t e r  

g iven  the r e c a l l  of the  code  ( r o w s  two and t h r e e )  and  the  p r o b a b i l i t y  of 

r e c a l l i n g  e i t h e r  the  f i r s t  u n c h a n g e d  l e t t e r  o r  the  s eco n d  u n c h an g ed  l e t t e r
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T A B L E  2

R e c a l l  of  F i r s t - L i s t  R e s p o n s e s  f o r  the  
E x p e r i m e n t a l  and  C o n t r o l  G ro u p s

U-U U -U c P - U P - U c U - P U - P c
C o m p le t e  E r r o r s 2. 35 . 6 0

inCO . 05 2. 65 . 1 0

p ( C / U C - l ) . 80 . 99 ~ . 82 . 98 . 93 . 99

p ( C / U C - 2 ) . 79 . 99 . 81 . 99 . 95 . 98

p ( U C - l / C ) 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 . 94 . 99

pTu C - l / U C - 2 ) • 94 1 . 0 0 1. 0 0 . 99 ' . 8 8 . 98

p ( U C - 2 / C ) . 97 1 . 0 0 . 98 .9 5 . 94 . 9 9

p(UC - 2 / U C  - 1) . 90 . 99 . 95 . 95 . 89 . 99



15

g iv e n  the  r e c a l l  of the  code  ( rows  fo u r ,  f ive ,  s ix ,  and  s even ) .  T h e r e  

a r e  two m e a s u r e s  fo r  the  p r o b a b i l i t y  of r e c a l l i n g  a  ch an g ed  l e t t e r  g iven  

the  code :  the  p r o b a b i l i t y  of r e c a l l i n g  the  ch an g e d  l e t t e r  g iven  e i t h e r  the  

r e c a l l  of the  f i r s t  u n c h an g e d  l e t t e r  ( p [ C / U C - l ]  ) o r  the  r e c a l l  of the  

s e c o n d  u n c h an g e d  l e t t e r  (p[ C / U C - 2 ]  ). T h e r e  a r e  fo u r  m e a s u r e s  fo r  

the  p r o b a b i l i t y  of r e c a l l i n g  an u n c h an g e d  l e t t e r  g iven  the  code:  the 

p r o b a b i l i t y  of  r e c a l l i n g  the  f i r s t  u n c h an g ed  l e t t e r  g iven  e i t h e r  the  r e c a l l  

of the  c h an g e d  l e t t e r  ( p [ U C - l / C ]  ) o r  the  r e c a l l  of the  s ec o n d  u n c h an g e d  

l e t t e r  (p [ UC - 1 /UC -2 ]  ) and  the p r o b a b i l i t y  of r e c a l l i n g  the  s ec o n d  

u n c h a n g e d  l e t t e r  g iven  e i t h e r  the  r e c a l l  of the  c h an g e d  l e t t e r  (p [ U C - 2 / C ]  ) 

o r  the  r e c a l l  of the  f i r s t  u n c h an g ed  l e t t e r  (p [ UC - 2 /U C - l] ).

It w a s  a s s u m e d  th a t  the  m e a s u r e  of code u n l e a r n i n g  w ould  be the  

n u m b e r  of t i m e s  Ss w e r e  not ab le  to r e c a l l  c o r r e c t l y  any  m e m b e r  of a 

chunk ,  w h i le  the  m e a s u r e  of c h an g e d  l e t t e r  u n l e a r n i n g  would  be the  

p r o b a b i l i t y  of r e c a l l i n g  a  c h an g e d  l e t t e r  g iven  the  r e c a l l  o f  the code  

( p [ C / U C - l ]  and  p [ C / U C - 2 ]  ). On the b a s i s  of t h e s e  a  s s u m p t i o n s ,  it  

a p p e a r s  t h a t  t h e r e  w a s  code  u n l e a r n i n g  f o r  a l l  t h r e e  e x p e r i m e n t a l  g r o u p s .  

E a c h  of the  e x p e r i m e n t a l  g r o u p s  had  a s i g n i f i c a n t l y  g r e a t e r  n u m b e r  of 

c o m p l e t e  e r r o r s  than  i t s  c o n t r o l  g ro u p  (for U -U  and  U - U c ,  t(38) = 3 . 5 4 ,  

p < .  05; f o r  P - U  and  P - U c ,  t_(38)=4. 09, p<. 0 5 ; ' f o r  U - P  and  U - P c ,  

t /38) = 5 . 5 7 ,  p < .  05). It a p p e a r s - a l s o  t h a t  t h e r e  w a s  ch an g ed  l ,e t te r  

u n l e a r n i n g  fo r  g r o u p  U -U  and P - U .  G iven  the  r e c a l l  of e i t h e r  the  f i r s t  

o r  s ec o n d  u n c h a n g e d  l e t t e r ,  bo th  U -U  and  P - U  r e c a l l e d  a s ig n i f i c a n t ly  

f e w e r  n u m b e r  of c h an g e d  l e t t e r s  than  t h e i r  c o n t r o l s  (for U-U  and  U -U c
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on p [ C / U C - l ]  , £( 3 4) = 2. 74, £ < . 0 5 ;  f o r  U-U  and U -U c  on p [ C / U C - 2 ]  , 

t( 3 5) = 2. 69, p < .  05; f o r  P - U  and P - U c  on p[ C / U C - l ]  , t_(36) = 2. 92, 

p<..05; fo r  P - U  and P - U c  on p [ C / U C - 2 ]  , _t(36) = 3. 63, p < .  05). F o r  

g ro u p  U - P ,  the. p r o b a b i l i t y  of r e c a l l i n g  the ch an g e d  l e t t e r  w a s  l e s s  than 

the c o n t r o l  but the d i f f e r e n c e  w a s  not s ig n i f i c a n t  (for U - P  and U - P c  on 

p [ C / U C - l ]  , t (33) = l .  79, £ > .  05; f o r  U - P  and U - P c  on p[ C / U C - 2 ]  , 

t(34) = l .  07, £>  . 05).

I t  a l s o  w a s  h y p o t h e s i z e d  th a t  t h e r e  w ould  be m o r e  code and 

ch an g e d  l e t t e r  u n l e a r n i n g  w h e r e  f i r s t  and  s e c o n d - l i s t  r e s p o n s e s  w e r e  

u n p r o n o u n c e a b le  t r i g r a m s  th a n  w h e r e  one s e t  of  r e s p o n s e s  w a s  u n p r o 

n o u n c e a b le  and the  o t h e r  s e t  w a s  p r o n o u n c e a b l e .  T h e  h y p o t h e s i s  w as  

b a s e d  on the a s s u m p t i o n  t h a t  u n p r o n o u n c e a b le  t r i g r a m s  a r e  f r o m  the 

s a m e  c l a s s ,  wh i le  u n p r o n o u n c e a b l e  and  p r o n o u n c e a b l e  t r i g r a m s  a r e  

f r o m  d i f f e r e n t  c l a s s e s .  T h e  r e s u l t s  of the  p r e s e n t  s tu d y  do not s u p p o r t  

the  above  h y p o t h e s i s .  The  r e s u l t s  r e l e v a n t  to t h i s  h y p o t h e s i s  a r e  p r e 

s e n t e d  in T a b le  3. F o r  c o m p l e t e  e r r o r s ,  p ( C / U C - l )  a n d - p ( C / U C - 2 ) ,  

the  d i f f e r e n c e  b e t w e e n  U -U  and  U -U c  w a s  not s i g n i f i c a n t l y  d i f f e r e n t  

f r o m  the  d i f f e r e n c e  b e tw e e n  P - U  and P - U c  (for c o m p l e t e  - e r r o r s , 

t(38) = . 07, £ > .  05; f o r  p [ C / U C - l ]  , _t(32) = . 36, £ > . 0 5 ;  f o r  p [ C / U C - 2 ]  , 

t j29) = . 2 5 ,  p > . 0 5 ) .  F o r  c o m p l e t e  e r r o r s ,  p (C /U C  - 1) and  p ( C / U C - 2), 

the  d i f f e r e n c e  b e tw ee n  U -U  and  U -U c  w a s  not s ig n i f i c a n t l y  d i f f e r e n t  

f r o m  the  d i f f e r e n c e  b e tw e e n  U - P  and U - P c  (for c o m p l e t e  e r r o r s ,

£( 3 8 ) = 1 . 17, £ > .  05; f o r  p [ C / U C - l ]  , t_(29) = l .  21, £ >  . 05; f o r  p [ C / U C - 2 ]  , 

£(27) = 1 .6 3 ,  p > . 0 5 ) .  F o r  c o m p l e t e  e r r o r s  and p ( C / U C - l ) ,  the  d i f f e r e n c e
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T A B L E  3

T h e  D i f f e r e n c e  b e tw ee n  E x p e r i m e n t a l - C o n t r o l  
D i f f e r e n c e s  in the R e c a l l  of F i r s t - L i s t  R e s p o n s e s

(U-U - U -U c)  ( P - U  - P - U c )  ( U - P  - U - P c )
C o m p le t e  E r r o r s 1. 75 1 . 80 2. 55

p ( C / U C - l ) - . 19 - . 16 - . 0 6

p(C / U C - 2 ) - . 2 0 - . 18 - . 03

p ( U C - l / C ) . 0 0 . 0 0 - . 05

p(UC - 1 /U C -2) - . 06 . 0 1 - . 1 0

p(UC - 2 / C ) - . 03 ■ — . 03 - . 05

p(UC - 2 /U C  - 1) - . 0 9 . 00 - . 09



b e t w e e n  P - U  and  P - U c  w a s  no t  s i g n i f i c a n t ly  d i f f e r e n t  f r o m  the  

d i f f e r e n c e  b e t w e e n  U - P  and  U - P c  (for c o m p l e t e  e r r o r s ,  t(31) = l .  19> 

p > .  05; f o r  p [ C / U C - l ] ,  t_(31) = 1. 17, p > . 0 5 ) .  F o r  p ( C / U C - 2 ) ,  the  

d i f f e r e n c e  b e tw e e n  P - U  an d  P - U c  w a s  s ig n i f i c a n t ly  g r e a t e r  than  the  

d i f f e r e n c e  b e t w e e n  U - P  and  U - P c , t(32) = 2. 27,  p < . 0 5 .

F in a l ly ,  i t  w a s  h y p o t h e s i z e d  t h a t  if  a c h a n g e d  l e t t e r  w a s  u n l e a r n e  

r e c a l l  of th e  u n c h a n g e d  l e t t e r s ,  g iv en  the  r e c a l l  of the  co d e ,  shou ld  no t  

be  e f fe c ted .  T h e  h y p o t h e s i s  w a s  d e r i v e d  f r o m  J o h n s o n ' s  (1966) 

d e c o d i n g - o p e r a t i o n  m o d e l  w h ic h  a s s u m e s  t h a t  w i th in  a chunk  th e  code  

i s  a s s o c i a t e d  d i r e c t l y  w i th  e a c h  of  i t s  chunk  m e m b e r s ,  (i. e. , no 

i n t e r i t e m  a s s o c i a t i o n s ) .  T h e  r e s u l t s  f r o m  th e  p r e s e n t  s tudy  s u p p o r t  

t h e  a bove  h y p o t h e s i s .  F o r  th e  two g r o u p s  w h e r e  t h e  c h a n g e d  l e t t e r  w a s  

u n l e a r n e d  (U-U and P - U ) ,  th e  r e c a l l  of the  u n c h a n g e d  l e t t e r s  u n d e r  c o n 

d i t io n s  of code  r e c a l l  w a s  n o t  e f fe c t ed .  T h a t  i s ,  f o r  p ( U C - l / C ) ,  

p ( U C - 1 / U C -2) ,  p(UC - 2 / C )  and  U C - 2 / U C - 1 ) ,  U -U  and  P - U  did no t  d i f f e r  

s ig n i f i c a n t ly  f r o m  t h e i r  c o n t r o l s  (for U -U  and  U - U c  on p [ U C - l / C ] ,  

t_(34) = . 00, £ >  . 05; f o r  U -U  and  U - U c  on p [ U C - l / U C - 2 ] ,  t_(35) = l .  11,

£ > •  05; f o r  U -U  and  U - U c  on p [ U C - 2 / C ] ,  t]34) = l .  13, p > .  05; fo r  U -U  

and  U - U c  on p [ U C - 2 / U C - l ] ,  t(34) = 1 .4 3 ,  p ^ . O S j f o r P - U  and  P - U c  on 

p [ U C - l / C ] ,  t_(36) = . 00,  p >  . 05; f o r  P - U  and  P - U c  on p[UC - 1 / U C -2] ,  

t_(36 ) =. 92, p > .  05; f o r  P - U  and  P - U c  on p [ U C - 2 / C ] ,  t_(36) = l .  15, p> . 05; 

f o r  P - U  an d  P - U c  on p [ U C - 2 / U C - l ] ,  t(36) = . 98, p> . 05).

One o t h e r  p o in t  shou ld  be m a d e  abou t  th e  r e c a l l  r e s u l t s  of the  

p r e s e n t  s tudy .  T h e r e  w e r e  a  r e l a t i v e l y  l a r g e  n u m b e r  of c a l l s  w h e r e
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e x p e r i m e n t a l  Ss  did  no t  a t t e m p t  to r e c a l l  any  m e m b e r  of a f i r s t - l i s t  

chunk  (i. e. , a c o m p l e t e  o m i s s i o n ) .  T h e  m e a n  n u m b e r  o f  c o m p l e t e  

o m i s s i o n s  f o r  U -U ,  P - U ,  and  U - P  w a s  2. 1, 1. 8 , and  1. 65. I t  co u ld  be  

t h a t  on s o m e  of t h e s e  c o m p l e t e  o m i s s i o n s  5>s w e r e  a b le  to r e c a l l  the  

code  and  f i r s t  u n c h a n g e d  l e t t e r ,  bu t  t h e y  w e r e  u n c e r t a i n  ab o u t  th e  

c h a n g e d  l e t t e r  an d  s e c o n d  u n c h a n g e d  l e t t e r .  T h i s  p o s s i b i l i t y  co u ld  

h a v e  o c c u r r e d  i f  two a s s u m p t i o n s  a r e  m a d e .  F i r s t ,  c o n t r a r y  to the  

d e c o d i n g - o p e r a t i o n  m o d e l ,  i t  co u ld  be t h a t  in  s o m e  c a s e s  the' code  of a. 

chunk  i s  a s s o c i a t e d  only  w i th  th e  f i r s t  u n c h a n g e d  l e t t e r ,  th e  f i r s t  

u n c h a n g e d  l e t t e r  i s  a s s o c i a t e d  w i th  t h e  c h a n g e d  l e t t e r ,  an d  th e  c h a n g e d  

l e t t e r  i s  a s s o c i a t e d  w i th  th e  s e c o n d  u n c h a n g e d  l e t t e r  ( cha in ing  h y p o 

t h e s i s ) .  A c c o r d i n g  to th e  c h a in in g  h y p o t h e s i s ,  w h e r e  Ŝ s a r e  u n c e r t a i n  

of  the  c h a n g e d  l e t t e r ,  t h e y  a l s o  sh o u ld  be u n c e r t a i n  of th e  s e c o n d  

u n c h a n g e d  l e t t e r .  Second ,  i t  co u ld  be t h a t  w h e n  £>s w e r e  u n c e r t a i n  of 

t h e  c h a n g e d  and s e c o n d  u n c h a n g e d  l e t t e r ,  t h e y  w i th h e ld  o v e r t  r e c a l l  of 

the  e n t i r e  chunk ,  the  r e s u l t  b e in g  a c o m p l e t e  o m i s s i o n .



E X P E R I M E N T  II

It w a s  noted  in the  f i r s t  e x p e r i m e n t  of the  p r e s e n t  s tudy  th a t  

t h e r e  were  a r e l a t i v e l y  l a r g e  n u m b e r  of c a l l s  w h e r e  Ss did not a t t e m p t  

to r e c a l l  any  m e m b e r  of a  chunk .  It w a s  s u g g e s t e d  tha t  on s o m e  of the  

c o m p l e t e  o m i s s i o n s  Ss m a y  be ab le  to r e c a l l  the  code and the  f i r s t  

'u n c h a n g e d  l e t t e r .  T h e  p u r p o s e  of the  p r e s e n t  s tudy  is  to t e s t  th a t  

h y p o t h e s i s .

E x p e r i m e n t a l  Ss l e a r n e d  p a i r e d - a s s o c i a t e s  ( e . g .  , 2 -DHQ) in a 

f i r s t  l i s t ,  l e a r n e d  p a i r e d - a s s o c i a t e s  ( e . g . ,  2 -DXQ) in a s ec o n d  l i s t ,  

th e n  r e c a l l e d  bo th  s e t s  of  r e s p o n s e s  u s in g  the  M M F S  te c h n i q u e .  A f t e r  

Ss in d i c a t e d  th a t  th e y  w e r e  f in i sh e d  w i th  the  M M F R ,  they  w e r e  r e q u i r e d  

to g u e s s  on b la n k  s p a c e s  w h e r e  they  had not a t t e m p t e d  to r e c a l l  a  l e t t e r .  

A c c o r d i n g  to the above  h y p o t h e s i s ,  u n d e r  c o n d i t io n s  of g u e s s i n g  the  

p r o b a b i l i t y  of r e c a l l i n g  the  s eco n d  u n c h an g ed  l e t t e r ,  g iven  the  f i r s t  

u n c h a n g e d  l e t t e r ,  shou ld  be l e s s  fo r  the  e x p e r i m e n t a l  than  f o r  the  c o n 

t r o l  g ro u p .  On the b a s i s  of the  r e s u l t s  f r o m  the f i r s t  e x p e r i m e n t ,  it 

w a s  e x p e c t e d  th a t  e x p e r i m e n t a l  and c o n t r o l  Ss would  not d i f f e r  s i g n i f i 

c a n t ly  on the  r e g u l a r  M MFR in t h e i r  r e c a l l  of the  s ec o n d  u n c h an g e d  

l e t t e r  g iven  the f i r s t  u n ch an g ed  l e t t e r .
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M E T H O D  ;

T h e  s e c o n d  e x p e r i m e n t  of the  p r e s e n t  s tudy  c o n s i s t e d  of an 

e x p e r i m e n t a l  and  c o n t r o l  g ro u p .  T h e  e x p e r i m e n t a l  and  c o n t r o l  g ro u p s  

w e r e  t r e a t e d  in a l m o s t  e x a c t l y  the s a m e  m a n n e r  a s  the  U -U  g r o u p s  in 

the  f i r s t  e x p e r i m e n t .  O n e - h a l f  of the  e x p e r i m e n t a l  g r o u p  l e a r n e d  one 

of the f i r s t  and  s e c o n d  l i s t s  t h a t  w a s  l e a r n e d  by the U -U  g ro u p ,  w h i le  

the  o t h e r  h a l f  of the  e x p e r i m e n t a l  g r o u p  l e a r n e d  the  o t h e r  f i r s t  and 

s ec o n d  l i s t .  O n e - h a l f  of the c o n t r o l  g ro u p  l e a r n e d  one of the  f i r s t  

l i s t s ,  w h i l e  the  o t h e r  h a l f  l e a r n e d  the  o t h e r  f i r s t  l i s t .

A f t e r  s e c o n d - l i s t  l e a r n i n g ,  e x p e r i m e n t a l  Ss r e c a l l e d  both  s e t s  

of  r e s p o n s e s  u s in g  the  M M F R  te c h n i q u e .  A s  d e s c r i b e d  e a r l i e r ,  Ss 

w e r e  s u p p l i e d  a s h e e t  of p a p e r  on w h ic h  the  s t i m u l i  w e r e  l i s t e d .  Ss 

w e r e  a s k e d  to su p p ly  the  r e s p o n s e s  f r o m  bo th  l i s t s  on two s e t s  of t h r e e  

b la n k s  nex t  to e a c h  s t i m u l u s .  A f t e r  Ss had  w r i t t e n  down t h e i r  r e s p o n s e s ,  

t h e y  w e r e  a s k e d  to  id e n t i fy  the  l i s t  to w h ic h  e a c h  r e s p o n s e  be lo n g ed .

T h e  c o n t r o l  g ro u p  w a s  a s k e d  to supp ly  the  r e s p o n s e s  f r o m  the  f i r s t  l i s t  

on  one  s e t  of t h r e e  b l a n k s  n e x t  to e a c h  s t i m u l u s .  U n l im i t e d  t i m e  w a s  

g iv en  f o r  the  r e c a l l  t e s t .  A f t e r  Ss i n d i c a t e d  t h a t  th e y  w e r e  f in i sh e d  

w i th  the  x 'eca ll  t e s t ,  th e y  w e r e  g iven  a  d i f f e r e n t  c o l o r e d  pen  hnd a s k e d  

to  g u e s s  on b l a n k s  w h e r e  th e y  had  not a t t e m p t e d  to su p p ly  a l e t t e r .

21



22

S u b je c t s

B oth  the  e x p e r i m e n t a l  and  c o n t r o l  g ro u p  c o n s i s t e d  of 8 i n t r o 

d u c t o r y  p s y c h o lo g y  s tu d e n t s  a t  the Ohio S ta te  U n i v e r s i t y  and  12 

n o n i n t r o d u c t o r y  p s y ch o lo g y  s tu d e n t s  a t  the  Ohio S ta te  U n i v e r s i t y .

/



R E S U L T S

F i r s t  and s e c o n d - l i s t  l e a r n i n g

The  m e a n  n u m b e r  of t r i a l s  to c r i t e r i o n  on the  f i r s t - l i s t  f o r  the  

e x p e r i m e n t a l  and c o n t r o l  g ro u p s  w a s  3 2 .5  and  2 5 . 6 ,  t ( 3 8 ) ~ l . 08, p > . 05. 

The  m e a n  n u m b e r  of e r r o r s  to c r i t e r i o n  on the f i r s t - l i s t  fo r  the  e x p e r i 

m e n t a l  and  c o n t r o l  g ro u p s  w a s  8 8 .6 5  and 7 1 .8 5 ,  t (3 8 )= l .  01, p > . 0 5 .

The  m e a n  n u m b e r  of t r i a l s  to c r i t e r i o n  on the  s e c o n d - l i s t  fo r  the  

e x p e r i m e n t a l  g ro u p  w a s  1 3 .5 ,  w h i l e  the  m e a n  n u m b e r  of e r r o r s  to 

c r i t e r i o n  on the  s e c o n d - l i s t  fo r  the  e x p e r i m e n t a l  g ro u p  w a s  25. 6 .

R e c a l l

The  m e a n  r e c a l l  s c o r e s  f o r  the  f i r s t - l i s t  p e r f o r m a n c e  on the 

r e g u l a r  M M F R ,  and  u n d e r  c o n d i t io n s  of g u e s s i n g ,  a r e  p r e s e n t e d  in 

T a b l e  4. The  r e s u l t s  in c lu d e  the  m e a n  n u m b e r  of c o m p l e t e  e r r o r s ,  the  

two m e a s u r e s  f o r  the p r o b a b i l i t y  of r e c a l l i n g  the c h an g ed  l e t t e r  g iven  

the  code  { p [ C / U C - l ]  and  p [ C / U C - 2 ] )  and  the fo u r  m e a s u r e s  f o r  the  

p r o b a b i l i t y  of r e c a l l i n g  an u n c h an g ed  l e t t e r  g iven  the  code  ( p [ U C - l / C ] ,  

p[UC - l / U C - 2 ] ,  p [ U C - 2 / C ]  and  p[ .UC-2/UC - l]  ).

R e c a l l  of f i r s t - l i s t  r e s p o n s e s  on the  r e g u l a r  M M F R  w a s  e x a m i n e d
f

f i r s t .  A s  c a n  be s e e n  in T a b le  4, the  e x p e r i m e n t a l  Ss  had  a s i g n i f i c a n t l y  

g r e a t e r  n u m b e r  of c o m p l e t e  e r r o r s  than  the  c o n t r o l  g ro u p ,  t(38) = 3. 92,
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T A B L E  4

R e c a l l  of F i r s t - L i s t  R e s p o n s e s  fo r  the 
E x p e r i m e n t a l  (E) and  C o n t r o l  (C) G roup

E (M MFR) C (M M FR ) E (G u ess in g ) C (G u e s s in
C o m p l e t e  E r r o r s 1 . 2 0 . 0 0 . 65 . 0 0

P ( C / U C - 1 ) . 67 . 96 . 63 . 96

p ( C / U C - 2 ) . 83 . 99 . 77 . 99

p ( U C - l / C ) . 95 . 98 ..95 • 98

p(UC- 1 / U C -2) . 95 . 98 . 94 .9 8

p ( U C - 2 / C ) . 8 8 1 . 0 0 . 90 1 . 0 0

p(XJC - 2 / U C  - 1) . 75 . 96 . . 75 . 96
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p < .  05. G iven  the r e c a l l  of e i t h e r  the f i r s t  o r  s e c o n d  u n c h an g ed  l e t t e r ,  

e x p e r i m e n t a l  Ss r e c a l l e d  s ig n i f i c a n t ly  f e w e r  c h a n g e d  l e t t e r s  than  the  

c o n t r o l  g ro u p  (for p [ C / U C - l ]  , £(35) = 4. 56, £ < . 0 5 ;  f o r  p [ C / U C - 2 ] ,  

t(34) = 2. 53, p<\ . 05). G iven  the r e c a l l  of e i t h e r  the  c h an g e d  l e t t e r  o r  the  

s e c o n d  u n c h an g e d  l e t t e r ,  e x p e r i m e n t a l  and c o n t r o l  Ss  did not d i f f e r  

s ig n i f i c a n t ly  in t h e i r  r e c a l l  o f  the  f i r s t  u n c h an g e d  l e t t e r  (for p [ U C - l / C ] ,  

t(34) = . 80, p > .  05; fo r  p [ U C - l / U C - 2 ] ,  t(34) = . 70, £ > . 0 5 ) .  G iven  the  

r e c a l l  of the ch an g e d  l e t t e r ,  e x p e r i m e n t a l  and c o n t r o l  Ss  did not  d i f f e r  

s i g n i f i c a n t ly  in t h e i r  r e c a l l  of the  s ec o n d  u n c h an g e d  l e t t e r ,  t (34) = 1 . 85, 

p >  . 05. The  above  r e s u l t s  a r e  in a c c o r d  w i th  t h o s e  o b ta in e d  in the  

f i r s t  e x p e r i m e n t  of the  p r e s e n t  s tudy .  G iven  the  r e c a l l  of the f i r s t  

u n ch an g ed  l e t t e r ,  e x p e r i m e n t a l  Ss  r e c a l l e d  s ig n i f i c a n t l y  f e w e r  s e c o n d  

un c h an g e d  l e t t e r s  than  the  c o n t r o l  g ro u p ,  t(34) = 2. 53,  p < . 0 5 .  T h a t  

r e s u l t  i s  not in a c c o r d  w i th  the  r e s u l t s  o b ta in e d  in the  f i r s t  e x p e r i m e n t  

and  does  not s u p p o r t  the  a s s u m p t i o n  m a d e  by J o h n s o n ' s  (1966) d e c o d in g -  

o p e r a t i o n  m o d e l  th a t  w i th in  a chunk  the code  i s  a s s o c i a t e d  d i r e c t l y  w i th  

e a c h  chunk  m e m b e r .  H o w e v e r ,  the  r e s u l t  d o e s  s u p p o r t  the c h a in in g  

h y p o t h e s i s .

T h e  r e c a l l  of f i r s t - l i s t  r e s p o n s e s  u n d e r  c o n d i t io n s  g u e s s i n g  w e r e  

in a c c o r d  w i th  t h o s e  o b ta in e d  on the r e g u l a r  M M F R .  E x p e r i m e n t a l  Ss 

had  a  s i g n i f i c a n t ly  g r e a t e r  n u m b e r  of c o m p l e t e  e r r o r s  than  the  c o n t r o l  

g ro u p ,  £(38) = 2 . 7 7 ,  £ < . 0 5 .  G iven  r e c a l l  of e i t h e r  the  fi r s t  o r  s e c o n d  

u n c h an g e d  l e t t e r ,  e x p e r i m e n t a l  Ss r e c a l l e d  a s i g n i f i c a n t l y  f e w e r  n u m b e r
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of  c h a n g e d  l e t t e r s  t h a n  th e  c o n t r o l  g ro u p  (for p [ C / U C - l ] ,  t_(37) = 4. 93,

£ ^ .  05; f o r  p [ C / U C - 2 ] ,  t_(36) = 3. 40, £<> 05), G iv e n  r e c a l l  of e i t h e r  the  

' c h a n g e d  l e t t e r  o r  s e c o n d  u n c h a n g e d  l e t t e r ,  e x p e r i m e n t a l  and  c o n t r o l  Ss  

d id  no t  d i f f e r  s i g n i f i c a n t ly  in  t h e i r  r e c a l l  of th e  f i r s t  u n c h a n g e d  l e t t e r  

(for  p [ U C - l / C ] ,  £(36) = . 85, £ > . 0 5 ;  fo r  p [ U C - 1 / U C -2] ,  Jt(36) = 1. 02, 

p > .  05). G iv e n  th e  r e c a l l  of th e  c h a n g e d  l e t t e r ,  e x p e r i m e n t a l  and  c o n 

t r o l  Ss  d id  not d i f f e r  s i g n i f i c a n t ly  in t h e i r  r e c a l l  of th e  s e c o n d  u n c h a n g e d  

l e t t e r ,  t(36) = l .  74-, £> . 05. G iv e n  the  r e c a l l  of t h e  f i r s t  u n c h a n g e d  l e t t e r ,  

e x p e r i m e n t a l  £ s  r e c a l l e d  s i g n i f i c a n t ly  f e w e r  s e c o n d  u n c h a n g e d  l e t t e r s  

t h a n  the  c o n t r o l  g ro u p ,  t_(35) = 2. 90,  £<£. 05. A g a in ,  t h e  r e s u l t s  a r e  in

a c c o r d  w i th  th e  c h a in in g  h y p o t h e s i s .  __

T h e  r e s u l t s  of the  p r e s e n t  e x p e r i m e n t  i n d i c a t e  t h a t  on the  r e g u l a r  

M M F R  e x p e r i m e n t a l  Ss  r e c a l l e d  a  s ig n i f i c a n t ly  f e w e r  n u m b e r  of s ec o n d  

u n c h a n g e d  l e t t e r s  g iven  the  f i r s t  u n c h a n g e d  l e t t e r  th a n  d id  the  c o n t r o l s .  

T h e  s a m e  r e s u l t  w a s  found u n d e r  c o n d i t io n s  of g u e s s i n g .  I f  Ss  did  w i t h 

h o ld  on  t h e  M M F R ,  th e  e x p e r i m e n t a l - c o n t r o l  d i f f e r e n c e  in  p ( U C - 2 / U C - l )  

s h o u ld  h a v e  b e e n  g r e a t e r  u n d e r  c o n d i t io n s  of g u e s s i n g  t h a n  on the  r e g u l a r  

M M F R .  T h a t  e x p e c t a t i o n  w a s  no t  c o n f i r m e d .  T h e  p r o b a b i l i t y  of r e c a l l i n g  

t h e  s e c o n d  u n c h a n g e d  l e t t e r ,  g iv e n  the  f i r s t  u n c h a n g e d  l e t t e r ,  f o r  the  

e x p e r i m e n t a l  and  c o n t r o l  g r o u p  w a s  . 75 and  . 96 on  th e  M M F R  and  . 75 

a n d  . 9 6  u n d e r  c o n d i t i o n s  of g u e s s i n g .  One p o s s i b l e  e x p la n a t io n  f o r  th a t  

f ind ing  m i g h t  be  t h a t  in  the  p r e s e n t  e x p e r i m e n t  w h e r e  Ss  w e r e  a b le  to 

c o v e r t l y  r e c a l l  th e  code  and  s e c o n d  u n c h a n g e d  l e t t e r ,  t h e y  did no t  w i t h 

h o ld .  T h e  ab o v e  e x p l a n a t i o n  h a s  s o m e  s u p p o r t  in  t h a t  t h e r e  w e r e  a



s m a l l e r  n u m b e r  of c o m p l e t e  o m i s s i o n s  in  the  s e c o n d  e x p e r i m e n t  th a n  

t h e r e  w e r e  in  the  f i r s t  e x p e r i m e n t .  T h e  m e a n  n u m b e r  of c o m p l e t e  

o m i s s i o n s  f o r  g ro u p  U -U  in  th e  f i r s t  e x p e r i m e n t  w a s  2. 1, w h i l e  the  

m e a n  n u m b e r  of c o m p l e t e  o m i s s i o n s  f o r  t h e  e x p e r i m e n t a l  grorxp in  the  

s e c o n d  e x p e r i m e n t  w a s  1 . 1 .
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It w a s  h y p o t h e s i z e d  in the  p r e s e n t  s tu d y  th a t  t h e r e  w ould  be m o r e  

code  and  ch an g e d  l e t t e r  u n l e a r n i n g  w h e r e  f i r s t  and  s e c o n d  l i s t  r e s p o n s e s  

a r e  C C C ' s  than  w h e r e  one s e t  of r e s p o n s e s  a r e  C C C ' s  and the  o t h e r  s e t  

a r e  C Y C ' s .  It w a s  a s s u m e d  tha t  C C C ' s  a r e  f r o m  the  s a m e  r e s p o n s e  

c l a s s ,  w h i le  C C C ' s  and  C V C 's  a r e  f r o m  d i f f e r e n t  r e s p o n s e  c l a s s e s .

The  h y p o t h e s i s  w a s  not s u p p o r t e d .  F o r  c o m p l e t e  e r r o r s ,  p ( C / U C - l )  

and  p ( C / U C - 2 ) ,  the  d i f f e r e n c e  b e tw ee n  U-U  and U -U c  w a s  not s i g n i f i 

c a n t ly  d i f f e r e n t  f r o m  the  d i f f e r e n c e  b e tw e e n  P - U  and P - U c  o r  the  

d i f f e r e n c e  b e tw ee n  U - P  and U - P c .  One e x p la n a t io n  f o r  th i s  f ind ing  

cou ld  be t h a t  s i n c e  Ss had  to p ro n o u n c e  e a c h  l e t t e r  of the  C V C 's  d u r in g  

l e a r n i n g ,  they  m a y  h ave  p e r c e i v e d  the  C V C 's  a s  be in g  u n p r o n o u n c e a b l e ,  

th u s  f r o m  the  s a m e  r e s p o n s e  c l a s s  as  the C C C ' s .

It w a s  a l s o  h y p o t h e s i z e d  th a t  w h e r e  a  ch u n k  m e m b e r  is  u n l e a r n e d  

r e c a l l  of the  o t h e r  chunk  m e m b e r s  should  not be e f f e c t e d .  The  h y p o t h e s i s  

w a s  s u p p o r t e d  in  the  f i r s t  e x p e r i m e n t .  F o r  p ( U C - l / C ) ,  p(UC - 1 /U C - 2), 

p ( U C - 2 / C )  and  p (U C - 2 /UC - 1), g r o u p s  U -U  and P - U  did not d i f f e r  s i g n i f i 

c a n t l y  f r o m  t h e i r  c o n t r o l s .  The  r e s u l t s  s u p p o r t  J o h n s o n ' s  (1966) 

d e c o d i n g - o p e r a t i o n  m o d e l  w h ic h  a s s u m e s  tha t  w i th in  a chunk  the  code  is  

a s s o c i a t e d  d i r e c t l y  w i th  e a c h  chunk  m e m b e r ,  w h i l e  no a s s o c i a t i o n s  a r e  

f o r m e d  b e tw e e n  chunk m e m b e r s .  The  h y p o t h e s i s  w a s  not s u p p o r t e d  in 

the  s ec o n d  s tudy ,  h o w e v e r .  F o r  p ( U C - l / C ) ,  p ( U C - l / U C - 2 )  and

28
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p ( U C - 2 / C ) ,  the  e x p e r i m e n t a l  and c o n t r o l  g ro u p  did not d i f f e r  s i g n i f i 

can t ly .  H o w e v e r ,  f o r  p ( U C - 2 / U C - l )  the  e x p e r i m e n t a l  g ro u p  w a s  

s ig n i f i c a n t ly  l e s s  than  the  c o n t r o l  g ro u p .  T he  r e s u l t s  s u p p o r t  the 

ch a in in g  h y p o t h e s i s  w h ic h  a s s u m e s  th a t  w i th in  a chunk  the code  is 

a s s o c i a t e d  w i th  the  f i r s t  chunk  m e m b e r ,  the  f i r s t  chunk  m e m b e r  is  

a s s o c i a t e d  w i th  the  s e c o n d  chunk  m e m b e r ,  and  so on.  One e x p la n a t io n  

fo r  the  d i s c r e p a n c y  b e tw e e n  the  f in d in g s  of the  f i r s t  and  s e c o n d  e x p e r i 

m e n t  cou ld  be a s  fo l lo w s .  F i r s t ,  t h e r e  w a s  a  g r e a t e r  c h a n c e  th a t  Ss 

in the  s ec o n d  e x p e r i m e n t  had  p a r t i c i p a t e d  in a v e r b a l - l e a r n i n g  

e x p e r i m e n t  p r i o r  to the  p r e s e n t  s tudy .  T he  i n t r o d u c t o r y  p sy c h o lo g y  

s tu d e n t s  in the  s ec o n d  e x p e r i m e n t  w e r e  r e q u i r e d  to p a r t i c i p a t e  in m o r e  

e x p e r i m e n t s  than  the i n t r o d u c t o r y  s t u d e n t s  in the  f i r s t  e x p e r i m e n t ,  and  

the n o n i n t r o d u c t o r y  p sy c h o lo g y  s t u d e n t s  in the  s ec o n d  e x p e r i m e n t  had  

a l r e a d y  ta k e n  an i n t r o d u c t o r y  p s y c h o lo g y  c o u r s e .  Second ,  i t  could  be 

t h a t  Ss w i th  m o r e  e x p e r i e n c e  a t  v e r b a l - l e a r n i n g  t a s k s  tend  to l e a r n  a 

chunk  m o r e  in the w a y  s p e c i f i e d  by  the c h a in in g  h y p o t h e s i s .  One w a y  

to t e s t  the above  s e t  of a s s u m p t i o n s  i s  a s  fo l l o w s .  E x p e r i m e n t a l _ S s  

l e a r n  p a i r e d - a s s o c i a t e s  ( e . g . ,  2 -DHQ) in a  f i r s t  l i s t ,  l e a r n  p a i r e d -  

a s s o c i a t e s  (e .g . - ,  2 -DXQ) in a  s e c o n d  l i s t ,  l e a r n  p a i r e d - a s s o c i a t e s  

( e . g .  , 2 -DM Q) in a  t h i r d  l i s t ,  then  r e c a l l  the  r e s p o n s e s  f r o m  the  t h r e e  

l i s t s  u s in g  the  M M FR te c h n i q u e .  On the  M M F R ,  t h e r e  shou ld  be a 

l a r g e r '  d i f f e r e n c e  b e tw e e n  the  e x p e r i m e n t a l  and c o n t r o l  g r o u p  in 

p ( U C - 2 / U C - l )  f o r  s e c o n d - l i s t  r e s p o n s e s  than  f o r  f i r s t - l i s t  r e s p o n s e s .
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I t  w a s  n o te d  t h a t  t h e r e  w e r e  a  r e l a t i v e l y  l a r g e  n u m b e r  of c o m 

p le t e  o m i s s i o n s  in the  f i r s t  e x p e r i m e n t .  I t  w a s  h y p o t h e s i z e d  t h a t  w h e r e  

a c o m p l e t e  o m i s s i o n  o c c u r s  Ss  m a y  be a b l e  to c o v e r t l y  r e c a l l  t h e  code  

a nd  f i r s t  u n c h a n g e d  l e t t e r .  T h e  h y p o t h e s i s  w a s  no t  s u p p o r t e d .  F o r  

p ( U C -2 , /U C ~ l ) ,  th e  e x p e r i m e n t a l - c o n t r o l  d i f f e r e n c e  w a s  no g r e a t e r  

u n d e r  c o n d i t io n s  of g u e s s i n g  th a n  on th e  r e g u l a r  M M F R .  One e x p l a n a 

t ion  fo r  th a t  f ind ing  m a y  be t h a t  Ss  in th e  s e c o n d  e x p e r i m e n t  d id  no t  

w i th h o ld  r e c a l l  of  t h e  f i r s t  u n c h a n g e d  l e t t e r .  T h i s  e x p l a n a t io n  w a s  

s u p p o r t e d  by  t h e  f a c t  t h a t  t h e r e  w e r e  a s m a l l e r  n u m b e r  of c o m p l e t e  

o m i s s i o n s  in th e  s e c o n d  e x p e r i m e n t .  I t  c o u ld  be  t h a t  th e  t e n d e n c y  no t  

to w i th h o ld  in  t h e  s eco n d  e x p e r i m e n t  w a s  aga in  due to s e c o n d  e x p e r i m e n t  

Ss  h a v in g  m o r e  e x p e r i e n c e  a t  v e r b a l - l e a r n i n g  t a s k s .

In  c o n c lu s io n ,  th e  r e s u l t s  of th e  p r e s e n t  s tudy  i n d i c a t e  t h a t  a 

m e m b e r  of a ch u n k  c an  be  u n l e a r n e d .  On th e  M M F R ,  g ro u p  U -U  and  

P - U  in  th e  f i r s t  e x p e r i m e n t  and  the  e x p e r i m e n t a l  g r o u p  in  th e  s e c o n d  

e x p e r i m e n t  r e c a l l e d  s i g n i f i c a n t l y  f e w e r  c h a n g e d  l e t t e r s  u n d e r  c o n d i t i o n s  

of  code  r e c a l l  th a n  th e  c o n t r o l  g r o u p s .  T h e  r e s u l t s ,  u n f o r t u n a t e l y ,  a r e  

a m b i g u o u s  ab o u t  the  e f f e c t s  of c h u n k - m e m b e r  u n l e a r n i n g  on  the  r e c a l l  

of  o t h e r  chunk  m e m b e r s .  One e x p e r i m e n t  i n d i c a t e d  t h a t  the  o t h e r  chunk  

m e m b e r s  w e r e  no t  e f f e c t e d ,  w h i l e  t h e  o t h e r  e x p e r i m e n t  i n d i c a t e d  t h a t  

the  o t h e r  ch u n k  m e m b e r s  w e r e  e f f e c t e d .  One e x p la n a t io n  fo r  t h e  con- ,  

f l i c t in g  r e s u l t s  cou ld  be t h a t  a s  e x p e r i e n c e  w i th  v e r b a l - l e a r n i n g  t a s k s  

i n c r e a s e s ,  t h e  w a y  in  w h ic h  S_s l e a r n  a ch u n k  c h a n g e s .
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