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sub 

t e d  

s e q u e n t  u r i t t e n  t e s t .  I n  t h e  s p e l l i n g  c o n 3 t i o n  t h e  d i s t r i b u -  
r,, * 1'6 

p r a c t i c e  g r o u p  p e r f o r m e d  b e t t e r 4  t h a n  the massed p r a c t i c e  

g r o u p ,  a n d  w h i l e  t h e  d i f f e r e n c e  w a s  n o t  a s  g r e a t  a s  i n  t h e  math  

c o n d i t i o n ,  i t  was s t i l l  s t a t i s t i c a l l y  s i g n i f i c a n t .  The s e c o n d  

p a r t  o f  t h e  s t u d y  ( E x p e r i m e n t  IIIB) i n v o l v e d  a w h o l e  class 

e x p e r i m e n t  u t i l i z i n g  d r i l l  s h e e t s  f o r  t h e  d i s t r i b u t e d  a n d  massed 

p r a c t i c e  q r o u p s .  A f t e r  t h r e e  c o n s e c u t i v e  d a y s  o f  w o r k i n g  w i t h  

t h e  d r i l l  s h e e t s  s t u d e n t s  received a t e s t  o n  d a y  4 a n d  a f i n a l  

s u r p r i s e  t a s t  o n  say 7. An a n a l y s i s  of t h e ' d a t a  r e v e a l a d  t h a t  

t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  q r o u p s  o n  e i t h e r  of 

t h e  two t e s t s .  T h e  r e s u l t s  of this se r ies  of e x p e r i m e n t s  a r e  

d i s c u s s e d  i n  r e l a t i o n  t o  t h e i r  i m p l i c a t i o n s  f o r  f u t u r e  r e s e a r c h .  

C e r t a i n  a p p l i c a t i o n s  s u c h  a s  a d a p t a t i o n  f o r  r emed ia l  work a n d  

l e a r n i n g  c e n t r e s  a r e  i n d i c a t e d .  R e f i n e a e n t s  i n  p r o c e d u r e  aimed . 
9 

a t  l o n q  term r e t e n t i o n  a s  weli as t h e  d e v e l o p m e n t  o f  w h o l e  u n i t s  

based o n  e x p a n d i n g  s e r i e s  a r e  o u t l i n e d .  



I u o u l d  l i k e  t o  t h a n k  my S e n i o r  S u p e r v i s o r  D r .  V i t o  

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

t h r o u g h o u t  t h e  u p s  a n d  d o i n s  o f  t h i s  p r o j e c t .  My t h a n k s  t o  l 5 t .  

K e n k e l ,  p r i n c i p a l  o f  4 i l l e r  P a r k  E l e m e n t a r y  s c h o o l  , C o q u i t l a m ,  

B.C., t o  Hs. M e i s s n e r ,  Bs. B e a u c h a m p ,  a n d  t h e i r  s t u d e n t s ,  for 

t h e i r  c o - o p e r a t i o n  a n d  p a r t i c i p a t i o n  i n  S t u d y  I. I w o u l d  l i k e  t o  

e x p r e s s  my g r a t i t u d e  t o  flr. H o s h e r ,  p r i n c i p a l  of  . Cedar D r i v e  
- 

E l e a e n t a r y  S c h o o l ,  P o r t  C o g u i t l a m ,  B.C., f o r  h i s  w i l l i n g  

a s s i s t a n c e  i n  t h e  i m p l e m e n t a t i o n  o f  s t u d y  111. A l s o  ay h e a r t f e l t  
, 

a p p r e c i a t i o n  t o  Bs. C b u t k a  a n d  M s .  E i l l e r  f o r  t h e i r  c h e e r f u l  

c o - o p e r a t i o n  a n d  s u p p o r t  d u r i n g  t h e  two weeks 1 was d i s r u p t i n g  

t h e i r  classes. And t o  a l l  t h e  grade  t h r e e  s t u d e n t s  I ' d  l i k e  t o  
(1 

e x t e n d  my t h a n k s  for t h e i ~  invaluable h e l p  with t h i s  s t u d y  and 

f o r  b e i n g  s u c h  f u n  t o  w o r k  w i t h .  h b i g  t h a n k  y o u  t o  f r i e  f ds'and 
c o l l e a g u e s  who h e l p e d  w i t h  p r o o f r e a d i n g ,  e d i t i n g ,  s u g g e s t i o n s  

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

My t h a n k s  t o  J o a n  F o s t e r  f o r  h e r  F a t i e n c e ,  s e n s e  of h u m o u r ,  a n d  

h e l p  w i t h  e v e r y  t h i n g  from T e x t f o r a  t o  s t a t i s t i c s .  
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\ 

a n d  Self-timed groups. ' 



A .  .Chqpter One 



Is I n t r o d u c t i o n  

An i m p o r t a n t  o b j e c t i v e  f o r  e d u c a t i o n a l  r e s e a r c h  i s  t o  
i 

f a c i l i t a t e  t h e  a c g a i s i t i o n  o f  k n o w l e d g e  and skills i n  a n  e f f i -  

c i e n t  m a n n e r .  T r a d i t i o n a l l y  p s y c h o l o q i s t s  h a v e  b e e n  a c t i v e  i n  

c o n t r i b u t i n g  t o  ways o f  a c h i e v i n g  t h i s  g o a l ,  e .gs ,  T h o r n d i k e  

( 1913 )  ; S k i n n e r  ( 1 9 6 8 ) .  T h e  d e v e l o p m e n t  o f  e f f e c t i v e  a n d  e f f i -  

c i e n t  i n s t r u c t i o n a l  m e t h o d s  and @ a t e r i a l s  h a s  b e e n  a i d e d  by 
a 5- .. , 

p s y c h o l o g i c a l  r e s e a r c h  i n  a r e a s  s u c h  as w o t i v a t i o n ,  

d e v e l o p m e n t a l  p s y c h o l o g y ,  a s s e s s m e n t ,  l e a r n i n g  a n d  c o g n i t i o n ,  t o  

n a p s  o n l y  a few. M o r e  s p e c i f i c a l l y ,  p s y c b o l o q i c a l  r e s e a r c h  i n  , 

-- memory h a s  i a p o 3 a n t  i a p l i c a t i o n s  for e d u c a t i o n .  I t  is  d i f f i c u l t  

t o  t h i n k  o f  a n y  e d u c a t i o n a l  o b j e c t i v e  f o r  w h i c h  t h e  a b i l i t y  t o  
, - 

r e t a i n  i n f o r m a t i o n  i s  o n i m p o r t a n t .  I f  s t u d e n t s  c a n  b e  a i d e d  i n  

r e m e m b e r i n g  more e f f e c t i v e l y ,  e d u c a t i o n a l  g a i n s  w i l l  f o l low.  The 
L - 

. p u r p o s e  o f  t h i s  t h e s i s  was t o  e x t e n d  r e c e n t  f i n d i n g s  i n  basic . . 

memory r e s e a r c h  t o  a p r a c t i c a l  e d u c a t i o n a l  s i t u a t i o n  i n v o l v i n g  

t ~ p i c a l  c l a s s r o o m  a a t e r i a l ,  i . e s ,  m u l t i p l i c a t i o n  t a b l e s  a n d  

s p e l l i n g  lists. 

O n e  o f  t h e  most p o u e r f u l  v a r i a b l e s  a f f e c t i n g  a e m r y  is  

r e p e t i t i o n ,  T h e  f-act that r e p e t i t i o n  improves r e t e n t i o n  h a s  been 

e s t a b l i s h e d  empirical 17 i n  numereus s t u d t i e s  ( H i n t z r a n  , 1936) ; - 

A f t  o u g h  r s p s t i t i u e  d r i l l  i s  l e s s  c o a w o n  i n  s c h o o l s  t h a n  i t  o&e 1 





11. A p p l i e d  versus B a s i c  Research 

E d u c a t i o n a l  p s y c h o l o g y  h a s  b e e n  d e f i n e d  as a d i s t i n c t  
I 

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

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

c o n c e r n e d  w i t h  u n d e r s t a n d i n g  a n d  i m p r o v i n g  t h e  t e a c h i n g / l e a r n i n g  

p r o c e s s  - ( G a g e  & B e r l i n e r ,  1 9 7 5 ) .  Two s t r a t e g i e s  h a v e  been 

e i p l o y e d  i n  t h e  a p p l k c a t i o n  ' o f  t h e  s c i e n c e  o f  p s y c h o l o g y  - t o  

e d u c a t i o n .  T h e  f i r s t  i n v o l v e s  d e r i v i n g  c o n c e p t s  a n d  l a v s  a b o u t  

l e a r n i n g  a n d  human n a t u r e  from basic e x p e r i m e n t a l  w o r k  i n .  

p s y c h o l o g i c a l  l a b o r a t o r i e s .  T h e  s e c o n d  i s  c o n c e r s e d  ; 6 t h , d i r b &  

e i p e r i n e n t a t i o n  w i t h  l e a r n i n g  i n  s c h o o l  s e t t i n g s  ( A n d e r s o n ,  G 

F a u s t ,  1 9 7 3 ) .  

~ a v a r i c k  (1 9 7 9 )  h a s  s u g g e s t e d  t h a t  d iv i -6 i -Rq- resea rch  i n t o  

t w o  c a t e g o r i e s ,  b a s i c  a n d  a p p l i e d ,  is u s e f u l  but m i s l e a d i n g .  F o r  
I 

many p s y c h o l o g i s t s  i n t e r e s t e d  i n  e d u c a t i o n a l  p h e n o m e n a ,  t h e  ' 

b o u n d a r i e s  b e t w e e n  t h e  two h a v e  become i n c r e a s i n g l y  b l u r r e d  

( ~ i a s e r  , 1978)  . S h a r p  d i s t i n c t i o n s  b e t w e e n  p r o j e c t s  of t e n  c a n n o t  

b e  sade. To t a k e  i n t o  a c c o ~ n t  t h e  c o m p l e x  r e l a t i o n s h i p s  i n v o l v e d  

i n  e d n c a  t i o n a l * ,  r e s e a r c h ,  Hilgard (1  9 6 b )  s u g g e s t e d  

c o n c e p t u a l i z a t i o n  o f  t h e  p s ~ c h o l o g y  o f  l e a r n i n g  a s  a series of  

s i x  g r a d e d  steps leasing from basic r e s e a r c h  a t  one e x t r ~ e  to 

p o l i t i c a l  a n d  i n d u s t r i a l  a c t i v i t y  a t  t h e  o t h e r .  



A u s u b e l  

p l i e d  s c i e n c e  

g e n e r a l  ~ l a w s  

p r o p e r t i e s  of 

(1978) stated t h a t  e d u c a t i o n a l  p s y c h o l o g y  is  a n  ap- '  

a n d  a s  s u c h  t h e  d i s c i p l i n e  is p o t  c o n c e r n e d  w i t h  

, i n  t h e m s e l v e s .  R a t h e r ,  i t s  f o c u s  i s  o n  t h o s e  

l e a r n i n g  t h a t  c a n  b e  r e l a t e d  t o ' e f f e c t j v e  w a y s  of 

b r a i n g i n q  a b p u t  s t a b l e  c o g n i t i v e  c d a n a e s .  A major 

p r o b l e m ,  a c c o r d i n g  t o  ~ u s u b e l ,  h a s  b e e n  t h a t  r e s e a r c h  i n  l e a r n -  

i n q  t h e o r y  h a s  b e e n  u n d e r t a k e n  by  p s y c h o l o g i s t s  u n c o n n e c t e d  w i t h  

e d u c a t i o n ,  i n v e s t i g a t i n g  p r o b l e m s  q u i t e  remote f r o m  t h e  t y p e  of 

l e a r n i n g  t h a t  g o e s  o n  i n  t h e  classroom. T h e  f o c u s  h a s  b e e n  o n  

a n i m a l  l e a r n i n g  a n d  r o t e  o r  n o n - v e r b a l  l e a r n i n g  r a t h e r  t h a n  o n  

t h e  l e a r n i n g  of  o r g a n i z e d  b o d i e s  o f  m e a n i n g f u l  mater ia l .  A u s u b e l  

n o t e s  t h a i  t h e  emphasis o n  t h e  e x t r a p o l a t i o n  of ro t e  l e a r n i n g  

t h e o r y  t o  s c h o o l  l e a r n i n g  h a s  n o t  b e e n  p r o d u c t i v e .  

On t h e  o t h e r  h a n d ,  A n d e r s o n  a n d  F a u s t  (1973) h a v e  o u t l i n e d  

a n u m b e r  o f  p r o b l e m s  a s s o c i a t e d  w i t h ,  r e s e a r c h  i n  classroom . 

s e t t i n g s .  T h e y  p o i n t e d  o u t  t h a t  e d u c a t i o n a l  i n v e s k i q a t o r s  h a v e  

b e e n  t r y i n g  t o  a p p l y  t h e  m e t h o d s  ' o f  s c i e n c e  t o  o b t a i n  d e p e n d a b l e  

' a n s w e r s  t o  p r a c t i c a l  q u e s t i o n s  a b o u t  s c h o o l  l e a r n i n g ,  e . q . ,  , 

w h e t h e r  s m a l l  c l a s s e s  are b e t t e r  t h a n  l a r g e  c l a s s e s ;  w h e t h e r  t h e  

d i s c o v e r y  m e t h o d  i s  b e t t e r -  t h a n  t h e  e x p o s i t o r y  m e t h o d ; . w h e t h p r  

t e l e v i s e d  l e c t u r e s  a r e  be t ter  t h a n  l i v e  l e c t u r e s ,  e tc .  

U n f o r t u n a t e l y ,  t h e  a u t h o r s  c o n c l u d e  t h a t  r e s e a r c h  a t t e m p t i n 4  t o  

a n s w e r  s u c h  p r a c t i c z l  q u e s t i o n s  h a s  b e e n  almost u n i f o r m l y  

i n c o n c l u s i v e .  A p p l i e d  r e s e a r c h  i n  t h e  c lass roos-  has. a l s o  

s u f f e r e d  a s  a r e s u l t  o f  s u c h  f a c t o r s  a s  l a c k  o f  a g r e e m e n t  o v e r  



u h a t  i s  m e a n t  b y  a g i v e n  m e t h o d ,  b i a s  a s  a r e s u l t  of t e a c h e r s  
* 

b e i n g  asked t o  t e a c h  a c c o r d i n g  t o  t w o  d i f f e r e n t  m e t h o d s ,  o r  

p r e m a t u r e  i n p l e a e n t a t i o n  o f  m e t h o d s  n o t  f u l l y  d e v e l o p e d .  

( A n d e r s o n  & F a u s t ,  1 9 7 3 ) .  

A u s u b e l ~ s  (1 9 7 8 )  p o s i t i o n  is  t h a t  t h e  p r i n c i p l e s  g o v e r n i n g  

the n a t u r e  and c o n d i t i o n s  o f  l e a r n i n q  can b e  d i s c o v e r e d  o n l y  

t h r o u g h  a n  a ~ p l i e d  o r  e n g i n e e r i n g  t y p e  of r e s e a r c h .  Rowever, t h e  

i n c o n c l u s i v e n e s s  o f  t h e  r e s u l t s  o f  a p p l i e d  r e s e a r c h ( h n d e r s 0 n  & 

F a u s t ,  l 9 7 3 ) ,  a s  well a s  t h e  p r o b l e m  o f  t r a n s l a t i n g  g e n e r a l  

c o n c e p t s  a b o u t  l e a r n i n g  d i s c o v e r e d  i n  t h e  l a b o r a t o r y  i n t o  

workable i n s t r u c t i o n a l  t e c h n i q u e s ,  p o s e s  s e r i o u s  p r o b l e m s .  

A move  t o w a r d  r e s o l v i n g  t h i s  i s s u e  h a s  g a i n e d  s o r e  i m p e t u s  

i n  r e c e n t  y e a r s .  For i n s t a n c e  Glaser, (1978) s u g g e s t e d  t h a t  

d e v e l o p m e n t s  i n  t h e  f i e l d  of i n s t r n c t i o n s l  p s y c b o l o g y  might 

s e r v e  as t h e  b r i d g i n g  o r  i n t e r m e d i a r y  a c t i v i t y  r e q u i r e d  f o r  

o n g o i n g  c o n t a c t  b e t w e e n  t h e o r y  a n d  a p p l i c a t i o n .  He p o i n t e d  o u t  
h 

t h a t  t h e r e  is  a n  i n t e r a c t i o n  i n v o l v e d ,  w i t h  t h e o r y  b e i n g  changed 

. b~ a p p l i c a t i o n  a n d  a t t e m p t s  a t  a p p l i c a t i o n  i n f l u e n c i n g  t h e  shape 

of p s y c h o l o g i c a l  k n o w l e d g e  a n d  t h e o r y .  T h u s ,  a n  a p p r o a c h  

i n v o l v i n g  a s e a r c h  f o r  b a s i c  laws of  l e a r n i n g  i n  b o t h  t h e  

l a b o r a t o r y  a n d  t h e  c l a s s r o o m  a n d  w h i c h  i n s t i g a t e s  t h e  n e c e s s a r y  

r e s e a r c h  to '  i m p l e m e n t  t h e m  i n  s c h o o l  s e t t i n g s  u o n l d  a p p e a r  t o  *be 

most p r o d u c t i v e .  T h e o r y  a n d  r e s e a r c h  c a n  , c o n t r i b u t e  t o  t h e  

d e v e l o p m e n t  of o p t i m a l  w a y s  f o r  a c q u i r i n g  k n o " l e d g e  a n d  s k i l l  

a n d ,  a s  Glaser  (1978) p o i n t e d  o u t ,  much p r o g r e s s  h a s  b e e n  made 



t o u a r d  t h e  i n t e g r a t i o n  n e c e s s a r y  for b u i l d i n g  a psychology of 

i n s t r u c t i o n .  

Sore areas where t h i s  t r e n d  i s  e v i d e n t  are t a s k  a n a l y s i s ,  
/- 

b e h a v i o r  m o d i f i c a t i o n ,  p s y c h o l o g i c a l  a s s e s s m e n t  and'  t e x t  

comprehension. I t  i s  notable t h a t  t h e  a r e a  of memory r a s e a r c h  

has not t e e n  c o n s p i c n o u s  i n  m a k i n g  major c o n t r i b u t i o n s  to  

efforts a i m e d -  a t  e d a c a t i o n a l  i a p r o v e a e n t s .  T h i s  issue w i l l  b e  

d i s c u s s e d  n e x t .  



0 .  Chapter Two 



I. Issues i n  m e m o r y  r e s e a r c h  

The p r o c e s s e s  o f  m e m o r y  a n d  t h e  r e s u l t s  of m e m o r y  r e s e a r c h  

h a v e  i m p o r t a n t  i m p l i c a t i o n s  f o r  e d u c a t i o n  a n d  e d u c a t i o n a l  

psychology. It is n o t  c l ea r ,  h o w e v e r ,  t h a t  w h a t e v e r  k n o w l e d g e  

a b o u t h u m a n  memory  we h a v e ,  h a s  b e e n  u t i l i z e d  t o  a c h i e v e  

e d u c a t i o n a l  g o a l s .  I t  i s  a p p a r e n t  f r o m  a r e v i e w  of t h e  

l i t e r a t u r e  t h a t  c e r t a i n  p r o c e d u r e s  do  p r o d u c e  marked , 
2 

i m p r o v e ~ e n t s  i n  r e p e a b e r i n g  o v e r  o t h e r s .  I t  i s  a l s o  a p p a r e n t  

t h a t  v e r y  few of t h e  t a s k s  i n  w h i c h  i m p r o v e m e n t s  h a v e  been 

d e m o n s t r a t e d  c a n  b e  r e g a r d e d  a s  e d u c a t i o n a l .  F o r  e x a m p l e ,  H o v e  

a n d  C e c i  (1979)  h a v e  n o t e d  a n u m b e r  o f  p r o b l e m s  r e l a t e d  t o  t h i s  

issue. F i r s t ,  t h e y  p o i n t e d  o u t  t h a t  i n  t h e  m a j o r i t y  o f  m e m o r y  

e x p e r i m e n t s ' t h e r e  i s  a d e l i b e r a t e  i n t e n t i o n  t o  remember o n  t h e  

p a r t  o f  t h e  p a r t i c i p a n t s .  I n  many  s c h o o l  s i t u a t i o n s ,  w h e r e  i n -  

f o r m a t i o n  is l e a r n e d  a n d  r e t a i n e d ,  t h i s  i n t e n t i o n  is  n o t  

e m p h a s i z e d .  I n  o t h e r  words t h e  i n s t r u c t i o n s  g i y e n  i n >  t h e  

c lassroom i n  r e l a t i o n  t o  m a t e r i a l s  t o  b e  l e a r n e d  a r e  r a r e l y  t h e  

same a s  t h e  i n s t r u c t i o n s  g i v e n  i n  a n  e x p e r i a e n t .  A l t h o n q h  rea-  

s o n i n g  and c o m p r e h e n s i o n  r e q u i r e  r e t e n t i o n  of i n f o r a a t i o n ,  

s t u d e n t s  a r e  s e l d o m  e x v l i c i t l y  t o l d '  t o  t r y  t o  memorize. 

~ e m o r i z a g i o n  w o u l d  sees-to occur a s  a r e s u l t  of o t h e r  f a c t o r s  

a n d  i s  a c c o m p l i s h e d  i n  t h e  c o n t e x t  of a d d i t i o n a l  a c t i v i t i e s .  

These c o n t e x t u a l  f a c t o r s  a r e  f r e q u e n t l y  m i s s i n 9  i n  m e m o r y  



e x p e r i a e n t s  a n d  e x a c t l y  w h a t  c o n t r i b u t i o n s  t h e y  eake t o  t h e  'r 
l e a r n i n g  p r o c e s s  i s  n o t  clear.  S e c o n d ,  t h e  t a s k s  i n v o l v e d  i n  

memory e x p e r i m e n t s  a r e  n o t , ' i n  p r a c t i c a l  terms a t  l e a s t ,  t h e  

type of t a s k s  t h a t  a r e  n o r e a l l y  e n c o u n t e r e d  i n  s c h o o l  

c l a s s r o o a s ,  ' n o r  a r e  the mater ia l s  t h e  same as . t h o s e  t h a t  " are 

t y p i c a l l y  u s e d  i n  t h e  s c h o o l s .  T h i r d ,  t h e  n a t u r e  of 

p s y c h o l o g i c a l  e x p e r i m e n t s  r e q u i r e  t h a t  a l l  v a r i a b l e s .  are h e l d  

c o n s t a n t  e x c e p t  f o r  t h o s e  o f  i n t e r e s t  t o  t h e  i n v e s t i g a t o r .  T h i s  

a e t h o d o l o g g  n a r r o w s  t h e  f o c u s  so t h a t  m a t e r i a l ,  w h i l e  o s t e n s i b r y  

e d u c a t i o n a l l y  r e l e v a n t ,  t e n d s  t o  b e  v e r y  r e s t r i c t e d  ( H o v e  & 

C e c i ,  1 9 7 9 ) .  

D e s p i t e  t h e s e  c o n s t r a i n t s ,  r e s e a r c h  i n  memory s t i l l .  h a s  a 
% 

w o r t h w h i l e  c o n t r i b u t i o n  t o  make t o  e d u c a t i o n ,  s i n c e  much of w h a t  
h 

is l e a r n e d  i n  e d u c a i o n a l  s e t t i n g s  i n v o l v e s  memory p r o c e s s e s .  

P r i m a r y  g r a d e r s  m u s t  m e m o r i z e  the a l p h a b e t  a n d  t h o u s a n d  of w o r d s  

i n  t h e  p r o c e s s  o f  l e a r n i n g  t o  r e a d ;  a n d  n b m b e r s  and 

m u l t i p l i c a t i o n  t a b l e s  w h e n  t h e y  l e a r n  m a t h e m a t i c s .  T h r o o g h o u t  

t h e  a v e r a g e  s c h o o l  career s t u d e n t s  c o n t i n u e  t o .  memorize new 

w o r d s ,  key terms, i d e a s ,  c o n c e p t s  a n d  t o  c o m m i t  h u n d r e d s  of 

facts t o  memory.  C o a p r e h e n s i o n ,  c o n ~ p u t a t i o n  r e a s o n i n g  a l l  

d e p e n d  u p o n  memory.  I 

3hile t h i s  discussion is' p r i m a r i l y  c e r n e d  w i t 4  t h e  
i 

e d u c a t i o n a l  i m p l i c a t i o n s  o f  memory res , t h e r e  are 

c o n c e p t u a l  p r o b l e a s  i n  r e s t r i c t i n g  d i s c p s s i o n  t o  meaory. 

S e p a r a t i n g  a e a o r y  f r o m . o t h e r  types o f  p e r f o r m a n c e  is  a r b i t r a r ~  



i n a s m u c h  as m e m o r y  s y s t e m s  a r e  i n t r i c a t e l y  l n v o l v e d  i n  many  

p r o c e s s e s  a n d  p l a y  a r o l e  i n  e v e r y  p s y c h o l o g i c a l  a c t i v i t y  
\ 

( J o n e s ,  1979) .  ~ h u ; ,  u h i l e  i t  c a n  b y  t r u t h f u l l y  s a i d  t h a t  t h e r e  
i 

is. n o  such t h i n g  a s  a n o n - m e m o r y  task, tasks d o  v a r y  i n  t h e  

d e g r e e  of  r e l i a n c e  p l a c e d  on t h e  m e c h a n i s m  of s t o r a g e  a n d  

r e t r i e v a l .  

In c e r t a i n  . b a s i c  t a s k s  s u c h  3s r e m e m b e r i n g  a name or  

t e l e p h o n e  n u m b e r  o r  l e a r n i n g  a s h o p p i n g  l i s t ,  t h e  r,ole of m e m o r y  F 
+ - 

is f a i r l y  o b v i o u s .  R e a s o n i n g  tasks, s u c h  a s  c o r r e c t l y  p e r f o r m i n g  - -, '.=M#~ 

t h e  L u c h i n ' s  water j a r  p r o b l e m  a l s o  d e p e n d  t o  a l a r g e  e x t e n t ,  o n  

b o t h  t e m p o r a r y  a n d  l o n g  term r e t e n t i o n  o f  v a r i o u s  items o f  in- 
L 1 

f o r m a t i o n  ( d t u o o d  & P o l s o n ,  1 9 7 6 )  . n e m o r y  r e q u i r e m e n t s  m a y  b e  e 

major s o u r c e  of  d i f f i c n l t y  i n  m a n y  s i t u a t i o n s  t h a t  c o n t r i b u t e  t o  

a p e r s o n m s  e d u c a t i o n .  As p o i n t e d  o u t  b y  Howe a n d  ~ e c i  ( l 9 7 9 ) ,  

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

i n f l a e n c e d  i n  l a r g e  p a r t  by t h r e e  f a c t o r s :  ( I )  metameaorial 

p r o c e s s e s ,  ( 2 )  t h e  l e a r n e r ' s  s t a t e  of k n o u l e d g e  a b o u t  t h e  

m a t e r i a l s  t o  be- r e m e m b e r e d ,  and (3)  s t r a t e g i e s  t h a t  a r e  a d o p t e d  

b y  t b e  l e a r n e r .  W h i l e  t h e s e  t h r e e  f a c t o r s  u s u a l l y  c o m b i n e  t o  

i n f l u e n c e  . e 8 0 r y 8  t h e  l a s t  i s  more c e n t r a l  t o  t h e  p r e s e n t  s t u d y .  

T h e  term s e t a m e s o r y  is u s e d  t o  d e s c r i b e  t h e  l e a r n e r ' s  

a w a r e n e s s  of t h e  p r o c e s s e s  a n d  a c t i v i t i e s  t h a t  l e a d  t o  e f e f e c t i v e  

r e m e m b e r i n g  ( F l a v e l l ,  1 9 7 1 ) .  Use o f  r u d i m e n t a r y  metamesorial 

p r o c e s s e s  b e g i n s  i n  e a r l y  c h i l d h o o d  a t  a p p r o x i m a t e 1 7 ' . a g e  t h r e e .  

These p r o c e s s e s  a n d  t h e i r  c o m p l e x i t y  c o n t i n u e  t o  increase u i t h  



age ( E r e u t z e r ,  L e o n a r d  & F l a v e l l ,  1 9 7 5 ) .  , 

I Yhen  items of  i n f o r w a t i , o n  h a v e  t o  b'e recal led,  t h e  basic 

s t o r e  of k n o w l e d g e  a l r e a d y  possessed b y  t h e  i n d i v i d u a l  is  a n  

i m p o r t a n t  d e t e r m i n a n t  o f  s u c c e s s .  Some r e s e a r c h e r s  h a v e  

s u g g e s t e d  t h a t  i n c r e ~ s e a  k n o w l e d g e  a n d  i n f o r m a t i o n  a b o u t  

m a t i r i a l  t o  b e  remembered is t h e  m a i n  f a c t o r  i n v o l v e d  i n  

a g e - r e l a t e d  i m p r o v e m e n t s  i n  memory (e.g., H u t t e n l o c n e r  6 B u r k e ,  

1 9 7 6 ) .  F o r  i n s t a n c e  s o m e  k n o w l e d g e  o f  t h e  n u m b e r i n g  system w o u l d  

b e  of o b v i o u s  b e n e f i t  t o  a c h i l d  l e a r n i n g  t h e  m u l t i p l i c a t i o n  

t a b l e s .  o t h e r  researchers h a v e  s u g g e s t e d  t h a t ,  i n  a d d i t i o n  t o  

m e t a a e s o r y  a n d  k n o w l e d g e ,  use of a p p r o p r i a t e  s t r a t  g i e s  as P 
c h i l d r e n  g e t  o l d e r  i s  a d e t e r m i n a n t  o f  . d e v e l o p m e n t a l  increases 

i n  memory ( F l a v e l l ,  Beach 6 C h i n s k y ,  1966; Howe, 1 9 7 6 ) .  

S t r a t e g i e s  a r e  t h o s e  c o n t r o l  p r o c e s s e s  i n  w h i c h  i n d i v i d u a l s  

engage u h e n  faced w i t h  a t a s k  t h a t  requires r e t e n t i o n  of i n f o r -  

m a t i o n  ( R o r r i s ,  1 9 7 9 ) .  S u c h  a c t i v i t i e s  as l a b e l l i n g ,  u s e  of 

v i s u a l  i m a g e r y ,  o r g a n i z a t i o n  of items, u s e  of , mediators,  

m n e m o n i c s ,  a n d  r e h e a r s a l  a r e  a l l  e x a m p l e s  of s t r a t e g i e s  . 
S t r g t e g i e s  c a n  b e  i n v o l v e d .  i n  r e t e n t i o n  of b o t h  rote and  

- , 

m e a n i n g f u l  m a t e c i a 1  d n a  may b e  used c o n s c f o u s l y  o r  w i t h o u t  

a u a r e n e s s  (Howe G C e c i ,  1 9 7 9 ) .  

O r d i n a r i l y ,  there a r e  few p r o b l e m s  i n  r e m e m b e r i n g  o r g a n i z e d  

m e a n i n g f u l  mater ia l .  T h i s  i s  n o t  s u r p r i s i n g  since t o  claim t h a t  

s o m e t h i n g  i s  a e a n i n q f u l  a n d  o r g a n i z e d  i m p l i e s  t h a t  it fits w i t h  

p a s t  e x p e r i e n c e s  a n d  c a n  b e  easily a n a l y s e d  b y  t h e  c o g n i t i v e  



s y s t e m  . ( n o r r i s ;  1 9 7 9 )  . R e a n i n g f  u l n e s s  is p e r h a p s  o n e  of  t h e  most 

o v e r u s e d  w o r d s  i n  e d u c a t i o n .  T h i s  u n d o u b t e d l y  r e f l ec t s  t h e  i m -  

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

i n g  of n a t e r i a l  e n c o u n t e r e d  i n  t h e  classroom. T h e  h i g h l y  d e s i r a -  

ble e m p h a s i s  o n  t h e  i s p o r t a n c e  of c h i l d r e n  u n d e r s t a n d i n g  w h a t  

I . t h e y  l e a r n  does  n o t  mean t h a t  e v e r y t h i n g  t h a t  n e e d s  t o  be 

l e a r n e d  can b e  a u t o m a t i c a l l y  o r  n a t u r a l l y  a c q u i r e d  i n  a 

m e a n i n g f u l  way. I t  w o u l d  t h e r e f o r e  seem s e n s i b l e ,  when w a r r a n t e d  

by  t h e  n a t u r e  0.f t h e  m a t e r i a l ,  t o  f i n d  w a y s  of s u p p l y i n g  9 .  

- 
m e a n i n g ,  o r g a n i z a t i o n  a n d  c u e s .  M n e m o n i c  devices a r e  s t r a t e g i e s  

t h a t  c a n  s e r v e  t h a t  f u n c t i o n  (!•÷orris,. 1 9 7 9 ) .  S u c h  m n e m o n i c s  as 

t h e  p h o n i c  t r a n s l a t i o n  s y s t e a ,  t h e  p e g  o r  h o o k  s y s t e m ,  t h e  

m e t h o d  of l o c i ,  use o f , v i s u a l  imases, a n d  t h e  l i n k  a e t h o d  a r s  

a l l  exaaples t h a t  h a v e  been d e m o n s t r a t e d  t o  b e  e f f e c t i v e .  ( s e e  

Bower, 1 9 7 3 ;  Hofris E R e i d ,  1971;  R a u g h -  E A t k i n s o n ,  1975) .  

O n e  problem w i t h  m n e m o n i c s  i s  t h a t  t h e  i n f o r m a t i o n  s a y  

r e m a i n  e n c a p s u l a t e d  i n  t h e m  a n d  n o t  become i n t e g r a t e d  i n t o  t h e  

g e n e r a l  s tore  of  k n o w l e d g e  ( H o r r i s ,  1 9 7 9 ) .  A n o t h e r  p r o b l e m  is  

t h e  a m o u n t  of e f f o r t  r e q u i r e d  t o  master m n e m o n i c s  i n  t h e  f i r s t -  

place. f o r  t h e  a v e r a g e  p e r s o n  t h i s  e x p e n d i t u r e  of e n e r g y  is  

p r o b a b l y  t h e  major o b s t a c l e  i n  t h e  a c q u i s i t i o n  o f  t h e s e  m e m o r y  

a i d s .  M o r e o v e r ,  s u c h  e v i d e n c e *  a s  t h e r e  i s  s u g g e s t s  t h a t  

a n e m o n i c s  become u n n e c e s s a r y  a s  k n o w l e d g e  of t h e  i n f o r m a t i o n  . 
-- 

t h e y  c o n v e y  i n c r e a s e s .  W h i l e  t h e y  a r e  u s e f u l  i n  a i d i n g  t h e  

i n i t i a l  a c q u i s i t i o n  -of mater ia l ,  w i t h  c o n t i n u e d - u s e  t h e y  ' become 



less necessary ( A t k i n s o n ,  1975)  . 
O n e  of the  s t r a t e g i e s  t h a t  h a s  b e e n  s t u d i e d  e x t e n s i v e 1 7  is 

r e h e a r s a l .  T h e  fact that rehearsal can b e  c o n s c i o u s l y  c o n t r o l l e d  

makes i t  r e l a t i v e l y  accessible f o r  i n v e s t i g a t i o n .  Rehearsal  bas 

p l a y e d  a major r o l e  i n  t h e  e x p l a n a t i o n  of l e a r n i n g  a n d  memory 

a n d  h a s  b e e n  c o n t r o l l e d  i n  n e a r l y  all experimental p a r a d i g m s  

( J o h n s o n ,  1980). Rehearsal i s  of d i r e c t  relevance t o  t h e  present 

research a n d  u i l l  b e  discnssed n e x t  i n  some d e t a i l .  



11. Rehearsgl and Bemory 

1 

R e p e t i t i o n  i's a c o s h o n  s t r a t e a y  u s e d  t o  renlember i n f o r m a -  

t i o n  a n d  is o n e  v a r i e t y  o f  r e h e a r s a l ,  ~ e h e a r s a ' l  a n d  , r e p e t i t i o n ,  

h o w e v e r ,  a re  n o t  e q u i v a l e n t  concepts. I n  r e h e a r s a l  t h e  

r e p e t i t i o n  is  i n t e r n a l l y  g e n e r a t e d  by t h e  l e a r n e r  r a t h e r  t h a n  

e x t e  I a l l y  imposed., J o n n s o n  (198G) a c k n o w l e d g e d  t h i s  I n  h i s  def- 

i n i t i o n  o f  r e h e a r s a l  a s  " t h o s e  p r e p a r a t o r y  l e a r n k n q  a c t i v i t i e s  

t h a t  o c c u r  when r e - e x p o s u r e s  a n d / o r  n k u  e n c ' o d i n g s  a r e  i n t e r n a l l y  

g e n e r a t e d  b y  t h e  l e a r n e r  r a t h e r  t h a n  by  a d d i t i o n a l  p r e s e n t a t i o n s  

e x t e r n a l  t o  t h e  l e a r n e r w  (p .265)  T h i s  d e f i n i t i o n  d i f f e r e n t i a t e s  

r e h e a r s a l  f r o m  o u t s i d e  r e e x p o s u r e s  t o  t h e  t a s k  a n d  refers t o  

- q p r e p a r a t o r y  l e a r n i n g  a c t i v i t y  .7 2 i n v o l v i n g  t h e m c o n t e n t s  of  t h e  

r e h e a r s e r ' s  o u n  m e s o r p .  A s  J o h n s o n  p o i n t e d  o u t ,  a n *  e x t e r n a l l y  

i n i t i a t e d  r e p e t i t i o n  may i n d u c e  r e h e a r s a l  i f  t h e  l e a r n e r  i r p o s e s  .. 
k n o w l e d g e  fro. h i s / h e r  own  m e s o r y  o n  i h e  r e p e a t e d  i n t o r l a t i o n .  

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

i t s  o p e r a t i a d . ,  d e f  n i t i o n  anp d e t e c t i o n  a re  mu'ch less  so.  
- J 

Some r e s e a r c h e r s  assume t that^ s u b j e c t s  r e h e a r s e  w h e n e v e r  , , 

t h e r e  i s  a s  o p p o r t u n i t y  '-(e.g., ~ h a f f e r  & S h i f f r i n ,  1 9 7 2 ) .  J t b e r s  

have a t t e m p t e d  t o  assess c o v e r t  r e h e a r s a l  t h r o u g h  v a r i o u s  means. . 

E l e c t r o m y o g r a p h  p o t e n t i a l s  a n d  l i p  r e a d i n d  h a r e  proven ' u s e f u l  
* 

but l i m i t e d ,  ( e . g .  L o c k e -  &' G i n s b e r g ,  1 9 7 5 ) .  T h e  u s e  o f  p u p i l l a r y  



size a s  a n  i n d e x  o f  c o v e r t  r e h e a r s a l  is c o e p l i c a t e d  b e c a u s e  

t h e s e  r e s p o n s e s  a r e  k n o w n  t o  be  i n f l u e n c e d  b y  o t h e r  f a c t o r s  

( ' ~ a h n e n a n  5 W r i g h t ,  1 4 7 1 ) .  T h e  a m o u n t  o f  time t a k e n  t o  s t u d y  a n  

item h a s  a l s o  b e e n  u s e d  t o  assess rehearsal, When s u b j e c t s  are 

a l lowed  . t o a p a c e  t h e  p r e s e n t a t i o n  o f  ma te r ia l ,  t h e  pauses r a y  be  

taken a s  a n  i n d i c a t i o n  t h a t  r e h e a r s a l  i s  o c c u r r i n g  ( B e l m o n t  & 

B r r t t e i e l d ,  1 9 7 1 )  . A s u b j e c t  p a c e d  s t u d y  b y  S h a u u h n e s s y ,  
-dm 

Z i a n e r n a n  a n d  U n d e r w o o d  (1972)  s h o v e d  t h a t  better r eca l l  was 

r e l a t e d  t o  time spent s t u d y i n g  t h e  material.  O t h e r  s t u d i e s ,  how- 

5 e v e r ,  h a v e  f o u n d  t h a t  d u f a t i o n  of p a u s e s  were n o t  c l o s e l y  

related t o  accuracy of r eca l l  ( e . g . ,  B e l m o n t  & B u t t e r f i e l d ,  

- I n  o r d e r  t o  a v o i d  t h e  m e t h o d o l o g i c a l  problems of c o v e r t  ,- -#* 
rehearsal a n u m b e r  of r e s e a r c h e r s  h a v e  a t t e m p t e d  t o  d i r e c t l y  

o b s e r v e  r e h e a r s a l  b~ a s k i n p  s u b j e c t s  t o  v e r b a l i z e  a l o u d  ( I z a w a ,  

1 9 7 6 ;  R u n d n s ,  1971 ;  U h i t t e n  & B j o r ~ ,  1 9 7 7 ) .  This t e c h n i q u e  does, 

however, r a i s e  t h e  issue of whether o v a r t  and c o v e r t  r e h e a r s a l  
? 

can be e q u a t e d .  ~ o h n s o n  ( 1 9 E O )  r e v i e w e d  a n u m b e r  of studies 
. - 

w h i c h  c o m p a r e d  o v e r t  a n d  c o v e r t  r e h e a r s a l .  B e c a u s e  o f  t h e  COD- 

p l e r i t y  of  t h e  different c o n d i t i o n s  i n v o l v e d  (e.q., t y p e  of 

r e h e a r s a l  strategy, stimulus m a t e r i a l s )  t h e  r e s u l t s  of t h e  

r e v i e w  v e r 2  equivocal. Johnson c o a c l u d e d  # t h a t  i t  cannot b e  as- 

sused t h a t  overt r e h e a r s a l  i s  a mirror image of c o v e r t  



Not . o n l y  a r e  there d i f f  i c u l t i e s  i n  m e a s u r i n g  r e h e a r s a l ,  b u t  

t h e  c o n v e r s e  e x p e r i m e n t a l  m a n i p u l a t i o n ,  t h a t  of  p r e v e n t i n g  

r e h e a r s a l ,  a l s o  presen'ts m e t h o d o l o g i c a l  p r o b l e m s .  T h e  e f f e c t i v e -  

n e s s  o f  t h e  v a r i o u s - n e t h o d s  e m p l o y e d  is  d i f f i c u l t  t o  assess. - -- 
S o m e  r e s e a r c h e r s  h a v e  u s e d  rap ia  p r e s e n t a t i o n  r a t e s  i n  o r d e r  t o  

r e d u c e  r e h e a r s a l  time (e.g., U e n g e r ,  7 9 7 9 ) .  H o w e v e r  t h i s  m e t h o g  

d o e s  n o t  p r e c l u d e  t h e  s u b j e c t  f r o m  r e h e a r s i n g  some p a r t  of t h e  

n a t e r i a l .  A more common  s t r a t e g y  i s  t o  h a v e  s u b j e c t s  e n g a g e  i n  

sole c o g n i t i v e  operation o n  an i n t e r p o l a t e d  t a s k .  P e t r u s i c  a n d  

J a r i e s o n  (1978) f o u n d  t h a t  t h e  most f o r g e t t i n g  o c c u r r e d  a s  a re- 

s u l t  of s h a d o w i n g  a s  a n  i n t e r p o l a t e d  task a n d  t h a t  i n c r e a s i n q l y  

l e s s . f o r g e t t i n g  o c c u r r e d  a s  a r e s u l t  o f  s u c h  t a s k s  a s  l i s t e n i n g  

t o  v o c a l  m u s i c ,  l i s t e n i n g  t o  i n s t r u m e n t a l  m u s i c ,  o r  l e a v i n g  t h e  

i n t e r v a l  b l a n k .  T h u s ,  i t  v o u l d  a p p e a r  t h a t  i n  most s i t u a t i o n s  
2 

the d i f f i c n l t y  of t h e  i n t e r p o l a t e d  t a s k  is d i r e c t l y  r e l a t e d  t o  

r e c a l l  of p r e v i o u s l p -  p r e s e n t e d  m a t e r i a l .  H o w e v e r ,  c h a n g e s  i n  t h e  
f 

l eve l  o f  r e c a l l  may n o t  a c c u r a t e l y  r e f l e c t  t h e  o c c u r r e n c e  of 

rehearsal. P o o r  r e c a l l  d o e s  n o t  n e c e s s a r i l y  m e a n  a l a c k  s f  

rehaarsal, and e l e v a t e d  l e v e l s  o f  r e t e n t i o n  n e e d  n o t  b e  assumed 

t o  b e  & h e  r e s u l t  of more r e h e a r s &  ( D a r k  & L o f t u s ,  1 9 7 6 ) .  A 
4. 

d i s e n s i o k  o t h e r  t h a n  d i f f  i c u l t y  say b e  i n v o l v e d .  I d e a l l y ,  

i n t e r p o l a t e d  t a s K s  s h o u l d  b e  n e u t r a l  w i t h  r e s p e c t  t o  t h e  
-- 

material  t o  be  r e m e s b e r e d .  L a c k  of n e u t r a l i t y  a c a u s e  
m 

i n t e r f e r e n c e  w i t h  m e s o r i z a t i o n  r a t h e r  t h a n  mere17 p r e v e n t i n g  i t  

( ~ e i a a r k ,  G r e e n h o u s e ,  L a u  E W e i n h e i a e r ,  1 9 6 5 ) .  T h u s ,  i t  i s  n o t  



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

t a s k  o r  i n t e r f e r e n c e  w h i c h  c a u s e  c h a n g e s  i n  l e v e l s  of r e t e n t i o n  

( J o h n s o n ,  1 9 8 0 )  . 
L o n g e r  r e h e a r s a l  p e r i o d s  u s u a l l y  resul t  i n  h i g h e r  l e v e l s  of 

p e r f o r r a n c e  (e .g . ,  = H o c k e y ,  1 9 7 2 ;  P e n n e y ,  1975;  R a n d u s  & 

A t k i n s o n ,  1 9 7 0 ) ,  a l t h o u g h  s o m e  i n s t a n c e s  h a v e  b e e n  r e p o r t e d  

w h e r e  t h i s  i s  n o t  t h e  case ( e . g . ,  G l e n b e r g ,  S m i t h  & Green, 1 9 7 7 ;  

S h a f f e r  G S h i f f r i n ,  1 9 7 2 ) .  I n c r e a s e s  i n  s t u d y  time have b e e n  

s h o w n  t o  a f f e c t  immediate r eca l l  b u t  n o t  d e l a y e d  r e c a l l  

( n o d i g l i a n i  & S e a m o n ,  - 1 9 7 4 ;  Y o o d w a r d ,  Bjork E J o n g e w a r d ,  1973) .  
--'--/ 

V a r i a b l e s  s u c h  as  t y p e  of mater ia l  a n d  m o d a l i t y  of p r e s e n t a t i o n  

a p p e a r  t o  p l a y  a n  i m p o r t a n t  role.. F o r  i n s t a n c e ,  t h e  task of 

r e m e m b e r i n g  w o r d s  was e n h a n c e d  by l o n g e r  r e h e a r s a l  i n t e r v a l s ,  

b u t  t h i s  was n o t  t h e  c a s e  w i t h  r e m e m b e r i n g  p i c t u r e s  (Hintzntan E 

R o g e r s ,  1 9 7 3 ;  T e r n e s  & Y u i l l e ,  1 9 7 2 ) .  

C r a i k  a n d  L o c k h a r t  ( 1 9 7 2 )  i n  t h e i r  d e p t h - o f - p r o c e s s i n g  

m o d e l ,  p o s t u l a t e  t h e  e x i s t e n c e  o f  two d i f f e r e n t  t y p e s  of 

r e h e a r s a l .  T y p e  I o r  m a i n t e n a n c e  r e h e a r s a l  m a i n t a i n s  t h e  

t o - b e - r e s e a b e r e d  item a t  a s u p e r f i c i a l  l e v e l .  T h u s ,  i n c r e a s e d  

m a i n t e n a n c e  r e h e a r s a l  d o e s  n o t  i m p r o v e '  r eca l l .  T y p e  I1 or 

e l a b o r a t i v e  r e h e a r s a l  i n v o l v e s  t h e  c r e a t i o n  o f  m o r e  ~ e a n i n g f u l  

a s s o c i a t i o n s  a t  a d e e p e r  l e v e l  o f  a n a l y s i s  a n d  c o n s e q u e n t l y  

would  b e n e f i t  f r o m  l o n g e r  r e h e a r s a l  time. Y h i l e  t h e r e  is 

e v i d e n c e  i n  s u p p o r t  o f  t h e  n o t i o n  o f  two t y p e s  .of r e h e a r s a l  

( e . o . ,  C r a i k  & - Y a t k i n s ,  1973)  o t h e r  r e s e a r c h e r s  h a v e  a r g u e d  t o  



t h e  c o n t r a r y  (e .q . ,  D a r k  & L o f t u s ,  1 9 7 6 ;  E v a n s ,  1 9 7 7 ) .  

L a c k  o f  e m p i r i c a l  s u p p o r t  f o r  t h e  e x i s t e n c e  o f  T y p e  1 

r e h e a r s a 3  may b e  d u e  t o  p r o b l e m s  i n  d e f i n i t i o n .  .An i a p o r t a n t  . 

p o i n t  ~ a d e  by D a r k  a n d  L o f t u s  ( 1 9 7 6 )  was t h a t  T y p e  1 r e h e a r s a l  

is n o t  t h e  same as r o t e  r e p e t i t i o n .  T h e  l a t t e r  c a n  p r o d u c e  

e i t h e r  T y p e  1 o r  T y p e  11 r e h e a r s a l  e f f e c t s .  T h e  i s s u e  o f  t h e  e x -  

istence of d i f f e r e n t  t y p e s  o f  r e h e a r s a l  w o u l d  a p p e a r  t o  b e  

u n r e s o l v e d .  I n  a d d i t i o n  t o  t h e  a b o v e  f a c t o r s ,  m o d a l i t y  e f f e c t s  

b a v e  b e e n  i n v e s t i g a t e d .  A u d i t o r y  p r e s e n t a t i o n  c o m p a r e d  t o  v i s u a l  

p r e s e n t a t i o n ,  was f o u n d  t o  b e  c o n s i s t e n t l y  s u p e r i o r  f o r  s h o r t  

term memory b u t  o n l y  f o r  r e c e n t l y  p r e s e n t e d  items ( P e n n e y ,  

1 9 7 5 ) .  L i s t e n i n g  c o m p r e h e n s i o n  h a s  b e e n  s h o w n  t o  b e  

s u b s t a n t i a l l y  i n f l u e n c e d  b y  p r e s e n t a t i o n  v a r i a b l e s .  Y e b s t o n e  a n d  

F r i e d l a n d e r  (1 9 7 4 )  f o u n d  c o m p r e h e n s i o n  p e r f o r m a n c e  w a s  l o w e s t  

f o r  a u d i o  c a s s e t t e  a n d  h i g h e s t  f o r  v i d e o t a p e .  

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

o f  r e h e a r s a l  o n  r e t e n t i o n ,  a s  i ts e f f e c t i v e n e s s  v a r i e s  a s  a 

f u n c t i o n  o f  t y p e  o f  m a t e r i a l ,  p r e s e n t a t i o n  mode a n d  d u r a t i o n .  

H o w e v e r ,  t h e r e  is l i t t l e  q u e s t i o n  t h a t  most f o r m s  of r e h e a r s a l  

i n c r e a s e  memory a n d  t h a t  c o n t i n u e d  i n v e s t i g a t i o n  o f  t h i s  p r o c e s s  
t 

is  w a r r a n t e d .  

One o f  t h e  v a r i a b l e s  t h a t  h a s  a t t r a c t e d  a t t e n t i o n  i n  r e c e n t  

y e a r s  i s  the l e n g t h  o f  t h e  time i n t e r v a l  b e t w e e n  p r e s e n t a t i o n  

a n d  r e h e a r s a l  o f  t o - b e - r e m e m b e r e d  i n f o r m a t i o n .  C o n t r a r y  t o  

common i n t u i t i o n ,  i t  a p p e a r s  t h a t  l o n g e r  i n t e r v a l s  b e t w e e n  



presentation a n d  the first opportunity to rehearse leads to 

better perforaance than if there is no delay. This is the spac- 

i n g  effect referred to earlier ( e . g . ,  Melton, 1970). 



111. The S p a c i n g  ,Effect 
m - 2 

I 

n a n y  o i  t h e  v a r i a b l e s  s t u d i e d  i n  t r a d i t i o n a l  nemory 

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

b y  t h e  t e a c h e r  i n  a c l a s s r o o f n  s i t u a t i o n .  O n e  exception t o  t h i s  

g e n e r a l i z a t i o n  m a y  b e  r e l a t e d  t o  t h e  s p a ~ i n q  e f f e c t .  T h i s  r e f e r s  

t o  t h e  f i n d i n g  t h a t  i t e a s  a r e  b e t t e r  r e c a l l e d  i f  r e p e t i t i o n s  a r e  

s p a c e d  a p a r t  i n  t i a e  (distributes p r a c t i c e  or DP) r a t h e r  t h a n  

massed (sassed p r a c t i c e  o r  BP) ( n e l t o n  1 9 7 0 ;  Underwood 4 9 7 0 )  . 
T h i s  phenomenon h a s  b e e n  d e m o n s t r a t e d  i n  a v i d e  v a r i e t y  . o f  

l a b o r a t o r y  memory t a s k s  a n d  c o n d i t i o n s  (see h i n t z a a n ,  1 9 7 4 )  . The. 

s p a c i n g  e f f e c t  h a s  b e e n  f o u n d  i n  p a i r e d - a s s o c i a t e  l e a r n i n g  

fe.9.. S c h u a r t z ,  1 9 7 5 )  f r e e  r e c a l l  ( e . g . ,  E e l t o n ,  R e f c h e r ,  CI 

S h u l a a n ,  1 9 6 6 ) ,  a n d  r e c o g n i t i o n  memory (e .g . ,  H i n t z n a n  G B l o c k ,  

1 9 7 0 ) .  H a t e r i a l s  h a v e  i n c l u d e d  w o r d s  ( e . g . ,  U n i t t e n  & B j o r k ,  

1 9 7 7 ) ,  s e n t e n c e s  ( e . g . ,  Underwood,  1 9 7 0 ) ,  p i c t u r e s  (Hin tzman  & 

R o g e r s ,  1 9 7 3 ) ,  n o n s e n s e  s y l l a b l e s  (e.q. ,  K i n t s c h ,  1 9 6 6 ) ,  s e c o n d  

l a n g u a g e  v o c a b u l d r y  (31oom & S h u e l l ,  1 9 8 1 )  , s p e l l i n g  lists 

( R e i t h ,  h x e l r o d ,  A n d e r s o n ,  H a t h a u a y ,  Wood, & P i t z q e r a l d ,  1 9 7 4 )  

a n d  t e l e p h o n e  n u m b e r s  ( L a n a a u e r  & R o s s ,  1 9 7 7 ) .  Some o f  t h e  d e -  

p e n d e n t  v a r i a b l e s  used have  been i r e q u e n c 7  j n d a e m e n t s  (e.q., 

P r o c t o r ,  1 9 8 0 )  , p r o b a b i l i t y  o f  r e c a l l  ( S h a u g h n e s s y  , 1 9 7 7 ) ,  

r e c o g n i t i o n  and r e c o g n i t i o n  l a t e n c y  ( J o h n s o n  G U h l ,  1 9 7 6 )  The 



effect  h a s  b e e n  f o u n d  i n  a u d i t o r y  a n d  v i s e a l  m o d a l i t i e s  as u e l l  

+ a s  m i x e d  m o d a l i t i e s  i n  t h e  s a n e  l i s t  ( H i n t z m a n ,  B l o c k  E S u m a e r s ,  

1 9 7 3 ) .  T h e  s p a c i n g  e f f ec t  i s  f o u n d ,  o v e r  v a r i o u s  p r e s e n t a t i o n  

6, r a t e s  ( U h i t t e n  G B j o r k ,  1 9 7 7 )  a n d  o c c u r s  i n  w i t h i n - l i s t  s p a c i n g s  

( t l a s k a r i n e c  G T h o m p s o n ,  1 9 7 6 )  a s  well a s  b e t w e e n  l i s t  s p a c i n g s  

( U n d e r w o o d ,  1 9 6 9 ) .  A l t h o u g h  t h e  s p a c i h g  e f f e c t  h a s  b e e n  

d e m o n s t r a t e d  w i t h  l o n g  i n t e r v a l s  b e t w e e n  r e p e t i t i o n s  a n d / o r  

r e - p r e s e n t a t i o n s  ( u p  t o  2 4  h o u r s ,  Bloom & S h u e 1 1 , 1 9 8 1 )  a n d  w i t h  

more t h a n  two p r e s e n t a t i o n s  ( L a n d a u e r  & B j o r k ,  1 9 7 & ) ,  s o s t  
4 

l a b o r a t o r y  s t u d i e s  h a v e  e m p l o y e d  a r e l a t i v e l y  r e s t r i c t e d  s e t  of 

c o n d i t i o n s .  F o r  i n s t a n c e  R i n t z m a n  ( 1 9 7 4 )  e x c l u d e s  from h i s  defi- 

n i t i o n  o f  t h e  HP-DP e f f e c t  i n t e r v a l s  u h i c h  e x c e e d  15 seconds. 

T h e  u s u a l  pa r ad igm i n  l a b o r a t o r y  e x p e r i m e n t s  i n v o l v e s  t u o  " 

p r e s e n t a t i o n s  , a n d  a  t e s t  ( P I ,  P 2 ,  a n d  T ) .  P e r f o r m a n c e  t y p i c a l l y  

i m p r o v e s  a s  t h e  P I - P 2  i n t e r v a l  i n c r e a s e s  from z e r o  t o  

a p p r o x i m a t e l y  f i f t e e n  s e c o n d s ,  a n d  t h e n  a s y m p t o t e s .  T h e  l e n g t h  

o f  t h e  P2 t o  t e s t  ( T )  i n t e r v a l  is  u s u a l l y  h e l d  c o n s t a n t ,  and  

o n l y  t h e  P1 - P 2  i n t e r v a l  i s  v a r i e d  ( H i n t z a a n ,  1 9 7 4 ) .  C r o w d e r  

( 1 9 7 6 ) ,  i n  his d i s c u s s i o n  o f  t h e  s p a c i n g  effect ,  n o t e d  t h a t  

p e r f o r m a n c e  i s  b e t t e r  when a t  l e a s t  s o m e  other i tems i n t e r v e n e  

b e t w e e n  t w o  r e p e t i t i o n s .  He p o i n t e d  o a t  t h a t  p e r f o r m a n c e  

s t e a d i l y  i m p r o v e s  as a f u n c t i o n  of t h e  n u m b e r  o f  i n t e r v q n i n q  

i t e a s ,  n o t  s i m p l y  t h e  l e n g t h  o f  t h e  i n t e r v a l .  T h e  s p a c i n g  e f f e c t  

o b t a i n e d  w i t h  i n t e r v a l s  o v e r  1 5  s e c o n d s  w h i c h  i n v o l v e  

i n t e r v e n i n g  items h a s  b e e n  r e f e r r e d  t o  a s  t h e  l a g  e f f e c t  or  



H e l t o n  Lag ( H i n t z n a n ,  1 9 7 4 ) .  D' A q o s t i n o  a n d  D e  Remer (1 9 7 2 ,  

1 9 7 3 )  h a v e  s h o w n  t h a t  t h e  B e l t o n  l a a  ( i n t e r v a l s  o v e r  1 5  s e c o n d s )  

i s  u n i q u e  t o  free r e c a l l ,  a n d  i n  a d d i t i o n  p r o v i d e d  some 

e m p i r i c a l  s u p p o r t  f o r  t h e  v i e w  t h a t  the e f f e c t s  of s h o r t  a n d  

l o n g  ( R e l t o n  l a g  ) P I  - P 2  i n t e r v a l s  may b e  a r e s u l t  o f  

d i f f e r e n t  p r o c e s s e s .  

H i n t z m a n  ( 1 9 7 4 )  n o t e d  t h a t  t h e  s p a c i n g  e f f e c t  is  a r e a l  a n d  

o n n i p r e s e n t  p h e n o m e n o n  a n d  t h a t  i n  e x p e r i m e n t s  w h e r e  i t  is n o t  

d e m o n s t r a t e d  t h e  p o s s i b i l i t y  o f  s a m p l i n g  e r r o r ,  c e i l i n g  e f f e c t s  

o r  s o a e  f law i n  e x p e r i m e n t a l  d e s i g n  s h o u l d  b e  s u s p e c t e d .  T h e  

r e s e a r c h  i n t e r e s t  i n  t h i s  p h e n o m e n o n  stems f r o m  t h e  f a c t  t h a t  i t  

a p p e a r s  t o  b e  a t h e o r e t i c a l  a n o m a l y .  U n d e r w o o d  ( 1 9 7 0 )  p o i n t e d  

o u t  t h a t  t h e  T i m e  L a w .  This l a w  

p o s t u l a t e s  t h a t  of t o t a l  s t u d y  time a n d  

n o t  how t i n e  i s  i t  d o e s  n o t  a c c o u n t  

f o r  s u p e r i o r  memory p e r f o r a a n c e  f o r  D P  items, o v e r  t lP  items, 

w h e r e  t h e  a a o u n t  o f  s t u d y  time is t h e  same r e g a r d l e s s  of s p a c i n g  

( U n d e r w o o d ,  1 9 7 0 ) .  The law o f  r e c e n c y  w o u l d  p r e d i c t  t h a t  t h e  

more r e c e n t  i t e m s  w o u l d  b e  r e m e m b e r e d  b e t t e r .  I n  b o t h  nP and  DP 

t h e  t - i ae  i n t e r v a l  b e t w e e n  P 2  a n d  T i s  h e l d  c o n s t a n t .  

C o n s e q u e n t l y ,  P I  is  more r e c e n t  w i t h  r e s p e c t  t o  T i n  ?!P 

schedules, w h e r e  i t  occurs n e x t  t o  P 2 ,  t h a n  i t  is i n  DP 

schedules where i t  is separated by a n  i n t e r v a l .  Bat ,  i n  

c o n t r a d i c t i o n  t o  t h e  law o f  r e c e n c 7 ,  a a s sed  p r a c t i c e  t y p i c a l l y  

r e s u l t s  i n  l o w e r  retention levels. 



A l t h o u g h  i t  is s t i l l  u n c l e a r  why d i s t r i b u t e d  p r a c t i c e  

f a c i l i t a t e s  memory ,  s e v e r a l  t h e o r e t i c a l  i n t e r p r e t a t i o n s  h a v e  . 
b e e n  f o r m u l a t e d  ( B l o o m  & ~ h u e l l ,  1 9 8 1  ) , A l t h o u g h  t h e  p r e s e n t  

5 
research i s  n o t  c o n c e r n e d  w i t h  t e s t f i g  t h e o r y ,  p e r  se, a b r i e f  

d $ s c u s s i o n  of t h e  v a r i o u s  h y p o t h e s e s  w i l l  f o l l o w . . H i n t z m a n ~  

( 1 9 7 6 )  p r o v i d e d  a u s e f u l  o r g a n i z a t i o n a l  s c h e m e  for d i s c u s s i n g  

t h e s e  e x p l a n a t i o n s .  H e  s u g g e s t e d  t h a t  t h e y  b e  c l a s s i f i e d  u n d e r  

two h e a d i n g ;  e n c o d i n g  v a r i a b i l i t y  t h e o r i e s  a n d  d e f i c i e n t  pro- 

c e s s i n g  t h e o r i e s .  - 

S e a a n t i c  V a r i a b i l i t ~  Two v e r s i o n s  of t h e  e n c o d i n g  ------- 
variability t h e o r y  h a v e  b e e n  i d e n t i f i e d :  s e m a n t i c  v a r i a b i l i t y  

a n d  c o n t e x t u a l  v a r i a b i l i t y .  T h e  former f o c u s e s  o n  t h e  f a c t  t h a t  

v e r b a l  items a r e  t o  s o e e  e x t e n t  a ; 8 b i q n o a s  a n d  c a n  b e  i n t e r p r e t e d  

i n  more t h a n  o n e  way. F u r t h e r ,  t h e  m o r e  d i f f e r e n t  m e a n i n g s  a n  

e n c o d e d  item h a s ,  t h e  easier i t  i s  t o  r e t r i e v e .  T h i s  h y p o t h e s i s  

a s s u m e s  t h a t  t h e  s e m a n t i c  m e a n i n g  g i v e n  a n  item a t  P 2  w i l l  b e ,  

t h e  same a s  t h a t  a s s i g n e d  a t  P I  i f  t h e  r e p e t i t i o n s  are  m a s s e d ,  

When t h e  i n t e r v a l  i s  l o n g  as  i n  d i s t r i b u t e d  p r a c t i c e  t h e r e  is a 

g r e a t e r  l i k e l i h o o d  t h a t  t h e  P 2  i n t e r p r e t a t i o n  w i l l  c h a n g e .  T h u s ,  

DP i s  a s s u ~ e d  t o  p r o d u c e  g r e a t e r  r e t e n t i o n  t h a n  UP b e c a u s e  t h e r e  

a r e  m o r e  uays t o  r e t r i e v e  i tems e n c o d e d  i n  d i s t r i b u t e d  p r a c t i c e  

( f f e l t o n ,  1 9 7 0 )  . H i n t z m a n  ( 1 9 7 6 )  p o i n t e d  o u t  t h a t  t h e r e  is  v e r y  



l i t t l e  e m p i r i c a l  s u p p o r t  f o r  t h i s  h y p o t h e s i s  a n d  a c o n s i 3 e r a b l e  

b o d y  of  e v i d e n c e  a g a i n s t  i t .  F o r  e x a m p l e ,  i f  ' P I  a n d  P 2  e n c o d i n g s  
4- 

a r e  d i f f e r e n t  t b e n  r e c o g n i t i o n  of  F2  a s  h a v i n g  b e e n  s e e n  

p r e v i o u s l y  s h o u l d  l e a d  t o  p o o r e r  r e t e n t i o n  ( F l a r t i n ,  1 9 7 2 ) .  T h e  

a v a i l a b l e  d a t a  s t ~ g g e s t s  t h a t  t h e  o p p o s i t e  i s  t r u e  ( C r o u d e r ,  

1 9 7 6 ) .  Be l l ezza ,  U i n k l e r  E A n d r a s i k  ( 1 9 7 5 )  r e p o r t e d  t h a t  w o r d s  

r e c o g n i z e d  as " o l d w  o n  P 2  ( a n d  t h u s  a s s u m e d  t o  b e  e n c o d e d  i n  t h e  

same way) l e d  t o  better r eca l l  o n  t h e  f i n a l  t e s t  t h a n  t h o s e  n o t  

r e c o g n i z e d  o n  P2, a direct  c o n t r a a i c t i o n  of t h e  h y p o t h e s i s .  A 

r e c e n t  s t u d y  ( H c F a r l a n d ,  R h o d e s ,  E Frey, 1 9 7 9 )  o f f e r e d  some s u p -  

p o r t  f o r  a m o d i f i c a t i o n  of t h e  s e e a n  t i c  v a r i a b i l i t y  h y p o t h e s i s  

w h i c h  stressed v a r i a t i o n s  i n  f e a t u r e s  w i t h i n  a s i n q l e  s e a a n t i c  

c o n c e p t  r a t h e r  t h a n  i n d e p e n d e n t  s e m a n t i c  i n t e r p r e t a t i o n s .  T h e i r  

r e s u l t s ,  h o w e v e r ,  were n o t  c o n c l u s i v e  e n o u g h  t o  r u l e  o u t  o t h e r  

i n t e r p r e t a t i o n s  of t h e  s p a c i n q  e f f e c t ,  s u c h  a s  t h e  i n a t t e n t i o n  

h y p o t h e s i s  (see b e l o w )  . a 

C o n t e x t u a  vagg&ll~ A s e c o n d  v e r s i o n  of t h e  e n c o d i n g  ------ 
v a r i a b i l i t y  h y p o t h e s i s  f o l l o w s  from A n d e r s o n  a n d  Bower's (1972) 

t h e o r y  o f  r e t r i e v a l .  T h e  _ c o n t e x t u a l  v a r i a b i l i t y  h y p o t h e s i s  

p r o p o s e s  t h a t  e n c o a i n g  a n d  s t o r i n g  items i n v o l v e s  a s s o c i a t i o n s  

e s t a b l i s h e d  b e t w e e n  t h e  m e a n i n g  a n d  a t t r i b u t e s  of 

t o - b e - r e m e m b e r e d  i tess a n d  a c o n g l o m e r a t i o n  of c o n t e x t u a l  

e l e a e n t s  s u c h  a s  a d j a c e n t  l ist w o r d s ,  t h e  s u b j e c t ' s  c o n s c i o u s  

t h o u g h t s  a n d  e n v i r o n m e n t a l  f a c t o r s  ( H i n t z m a n ,  1 9 7 6 ) .  T h e  more 

c o n t e x t u a l  i n f o r a a t i o n  t h a t  is  a v a i l a b l e  a t  r e t r i e v a l  t h e  more 



l i k e l y  i t  i s  t h a t  a n  item uas p r e s e n t e d  p r e v i o u s l y .  Thus t h e  

s p h c i n g  e f f ec t  is  e x p l a i n e d  e' b y  t h e  a s s u m p t i o n  t h a t  two 

p r e s e n t a t i o n s  o f  a n  item t h a t  a re  s p a c e d  a p a r t  i n  time will 

i n v o l v e  a d i f f e r e n t  se t  of c o n t e x t u a l  e l e m e n t s  t h a n  i f  t h e y  a re  

p r e s e n t e d  s o c c e s s i v e l y  , ( C r o w d e r ,  1 9 7 6 )  . 
I T h e  m o s t  c o n v i n c i n g  e v i d e n c e  f o r  t h i s  h y p o t h e s i s  w o u l d  be  

d a t a  t h a t  w o u l d  clearly s h o w  t h a t  t h e  spacing effect codld be 

a t t e n u a t e d  or' e l i m i n a t e d '  b y  i n d u c e d  v a r i a t i o n  i n  c o n t e x t  of P I  . 

and  P 2  during massed p r a c t i c e .  E x p e r i n e n t s  . m a n i p u l a t i n g  t h i s  

v a r i a b l e  have  n o t  s u p p o r t e d  t h e  h y p o t h e s i s  ( t l c F a r l a n d  e t  al . ,  

1 9 7 9 ) .  F o r  e x a m p l e ,  Hells a n d  K i r s n e r  (1974) f o u n d  t h a t  

s w i t c h i n g  the i n p u t  m o d a l i t y  b e t w e e n  P I  a n d  P2 does  n o t  r e d u c e  

t h e  eff<ect. H i n t z a a n ,  S u m m e r s ,  E k i  a n d  Rore (1975) v a r i e d  two 
e 

c o n d i t i o n s  i n  t h e  s p a c i n g  of p r e s e n t a t i o n s  of p i c t u r e s .  I n  o n e  

c o n d i t i o n ,  a n  e f f e c t i v e  i n c e n t i v e  t o n e  o c c u r r e d  along w i t h  P 2  
I 

w h i l e  P I  was a c c o m p a n i e d  b y  s i l e n c e ;  i n  t h e  s e c o n d  c o n d i t i o n  

b o t h  PI a n d  P 2  were p r e s e n t e d  w i t h o u t  t h e  t o n e .  A g a i n ,  t h e  UP-DP 

e f fec t  was n o t  a l t e r e d .  S i i l a r i l  S h a u g h n e s s y  ( 1 9 7 6 )  f o u n d  

t h a t  t h e  LIP-DP e f fec t  was n o t  i n f l u e n c e d  when an  o r i l e n t i n g  t a s k  

was d i f f e r e n t  w i t h  P I  a n d  P2. T h e s e  and sxmi lar  f i n d i n g s  (e.g., 

U a s k a r i n e c  6 T h o m p s o n ,  1 9 7 6 ;  S c h w a r t z ,  1975) p o s e  s e r i o u s  p r a b -  

lems f o r  t h e  c o n t e x t u a l  v a r i a b i l i t y  h y p o t h e s i s .  



U n d e r  t h i s .  g e n e r a l  h e a d i n g  i t  i s  p o s s i b l e  t o  ~ a t e g o r i z e  
. .  , 

f o u r  d i f f e r e n t  h l y p o t h e s e s :  ( I )  c o n s o l i d a t i o n  ( 2 )  h a b i t u a t i o n  (3) 

r e h e a r s a l ,  and (4)  a t t e n t i o n .  H i n t z m a n  ( 1 9 7 6 )  n o t e d  t h a t  t h e  
/ 

p r o c e s s e s  i n v o l v e d  i n  r e h e a r s a l  a n d  a t t e n t i o n  c a n  b e  a s s u m e d  t o  

b e  u n d e r  v o l u n t a r y  c o n t r o l  v h i l e  h a b i t u a t i o n  a n d  c o n s o l i d a t i o n  

are i n v o l u n t a r y  p r o c e s s e s .  

ggg~ol i&at&pqz  The e s s e n c e  of t h i s  h y p o t h e s i s  is  t h a t  

c o n s o l i d a t i o n  of memory t races  t a k e s  p l a c e  o v e r  tlme a n d  

u n i n t e r r u p t e d  c o n s o l i d a t i o n  w i l l  r e s u l t  i n  b e t t e r  r eca l l  t h a n  

c o n s o l i d a t i o n  w h i c h  is  i n c o d p l e t e  ( C r o w d e r ,  1 9 7 6 ) .  D u r i n g  m a s s e d  ' 

p r a c t i c e ,  u h e n  P2 o c c u r s  i m m e d i a t e l y  a f t e r  P I ,  t h e  c o n s o l i d a t i o n  

p r o c e s s i n g  of P I  i s  i n t e r u p t e d  b y  P2. I n  d i s t r i b u t e d  p r a c t i c e ,  
, 

o n  t h e  o t h e r  h a n d ,  t h e  c o n s o l i d a t i o n  of P I  is  assumed t o  b e  corn-' 

p l e t e  by  * t h e  time P2  o c c u r s .  T h u s ,  t h e  s u p e r i o r  r e c a l l  

a s s o c i a t e d  w i t h  DP i s  a r e s u l t  of more c o m p l e t e  c o n s o l i d a t i o n  

( L a n d a u e r ,  1 9 6 9 ,  1 9 7 4 ) .  T h e  u s u a l  a s s u m p t i o n  is  t h a t  t h e  s h o r t  

term t race  is t h e  s o u r c e  o f  c o n s o l i d a t i o n  ,and t h a t  i n f o r m a t i o n  

is c o n t i n ' u a l l y  t r a n s f e r r e d  f r o m  t h e  s h o r t  term s t a t e  t o  t h e  more 

p e r m a n e n t  l o n g  t e r n  s t a t e  ( H i n t Z l a n ,  1 9 7 4 ) .  I t  f o l l o w s  t h a t  i f  

h e  same c o n s o l i d a t L o n  m e c h a n i s m  is i n v o l v e d  i n  p r o c e s s i n g  b o t h  

o c c u r r e n c e s  of a n  item, t h e n  d u r i n g  massed p r a c t i c e  t h e r e  w o u l d  
1 

b e  c o m p e t i t i o n  f o r  its use a n d  c o n s e q u e n t l y  a w e a k e r  l o n g  term 

trace. G i v e n  t h i s  a s s u m p t i o n ,  m a n i p u l a t i o n s  t h a t  i n t e r f e r e  w i t h  



t h e  s h o r t  term r e t e n t i o n  o f  P I  s h o u l d  i n t e r r u p t  c o n s o l i d i t i o n  

a n d  c r e a t e  p o o r e r  l o n g  term r e t e n t i o n .  A s t u d y  b y  T z e n g  (1973) 

p r e ~ e n t e d ' ~ e v i d e n c e  w h i c h  a r g u e d  a g a i n s t  t h e  c o n s o l i d a t i o n  
- +  

h y p o t h e s i s .  By v a r y i n g  t h e  d i f f i c u l t y  of  t h e  t a s k  , t h a t  - 2  

i n t e r v e n e d  b e t u e e n  P I  a n d  P2 b a t  k e e p i n g  t h e  d i f f i c u l t y  o f  t h e  

P 2  - T t a s k  c o n s t a n t ,  Tzang ( 1 9 7 3 )  f o i n d  t h a t  r e c a l l  was direct-  

17 r e l a t e d  t o  t a s k *  d i f f i c u l t y .  I n  o t h e r  w o r d s ,  recal l  was 

s ~ p r i o r  when t h e  i n t e r v e n i n g  t a s k  was d i f f i c u l t  as &posed , to  

* h e n  i t  uas easy. T h e s e  r e s u l t s  add s u p p o r t  t o  earlier ash  siri- 
7 

l a r  f i n d i n g s  w h i c h  p r o v i d e d  e v i d e n c e  a g a i n s t  c o n s o l i d a t i o n  a s  a n  

a d e q u a t e  e x p l a n a t i o n  o f  t h e  s p a c i n g  e f fec t  (e.g., B j o r k  & A l l e n ,  

1 9 7 0 )  . ~ r r l d e n c e  p r e s e n t e d  w h i c h  d e m o n s t r a t e s  t h a t  t h e  l o c u s  of 

t h e  s p a c i n g  e f fec t  i s  a t  P2 (e.g.,  H i n t z a a n ,  B l o c k  & S u m m e r s ,  

1 9 7 3 )  r a the r  t h a n  a t  P I  as t h e  c o n s o l i d a t i o n  h ~ p o t h e s i s  w o u l d  

s u g g e s t ,  i s  n o t  n e c e s s a r i l y  evidence a g a i n s t  t h e  h y p o t h e s i s .  

B a t h e r ,  as  H i n t z m a n  (1976)  s u g g e s t e d ,  the h y p o t h e s i s  c a n  be  

a l t e r e d  t o  i t s  c o n v e r s e ,  i . e . ,  t h e  c - o n t i n u i n g  c o n s o k i d a t i o n  of 

91 i n t e r f e r e s  w i t b  c o n s o l i d a t i o n  o f  P2.  

A s l i g h t l y  a l t e r e a  v e r s i o n  of t h e  c o n s o l i d a t i o n  hypothesis 

p r o p o s e s  t h a t  d i f f e r e n c e s  i n  l e a r n i n g  are d u e  t o  two o r  more 

a c t i v i t y  traces b e i n g  c o n s o l i d a t e d  i n t o  o n e  s i n g l e  s t r u c t u r a l  

e n c o d i n g  during s a s s e d  p r a c t i c e ,  v h e r e a s  d u r i n g  s p a c e d  practice 

t h e r e  a r e  s e v e r a l  s e p a r a t e  s t r u c t u r a l  e n c o d i n g s  ( T a r p y  & B e y e r ,  

1 9 7 8 ) .  A s a r i o u s  p s o b l e n  f o r  t h i s  t h e o r y  is  t h a t  t h e  time t a k e n  

t o  o c c u r  h a s  n o t  been c o n c l a s i v e l ~  d e t e r m i n e d .  
I 

/ 



A s  a result o* e l e c t r o c o d r u ~ s i v e  shock s t u d i e s  " i t h  q n i m a l ; ,  

B a d d e l e g  (1976) '  h a s  s u g g e s t e d  t h a t  t h e  time n a y  r a n g e  from 1 5  e. 

s e c o n d s  t=, m o r e  t h a n  a n  h o u r .  H o w e v e r ,  l e a r n i n g  s t u d i e s  h i v e  

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

1 5  s e c o n d s  b e t w e e n  PI a n d  P 2 .  

It may b e  t h e  case that c o n s o l i d a t i o n  is i n v o l v e d  i n  t h e  

s p a c i n g  e f f e c t . b u t  f o r m u l a t i o n s  a n d  t e s t i n g s  t o  delineate the 

u n d e r l y i n g  p r o c e s s  o r  p r o c e s s e s  h a v e  n o t  b e e n  v e r y  p r o d u c t i v e .  

It wonfd appear t h a t  i t  is l a c k  of s u p p o r t i v e  rather- t h a n  

p r e s e n c e  o f  c o n t r a d i c t o r y  e v i d e n c e  t h a t  p o s e s  d i f f i c u l t i e s  f o r  

t h e  c o n s o l i d a t i o n  h y p o t h e s i s  ( W i n t z m a n ,  1 9 7 6 )  . A n o t h e r  r e a s o n  

t h a t  the h y p o t h e s i s  has n o t  b e e n  f a v o r e d  b y  most r e s e a r c h e r s  

c o n c e r n e d  u i t h  t h e  s p a c i n g  effect may b e  d u e  t o  t h e  l a c k  obf 

s u c c e s s  i n  c o n f i r m i n g  the e x i s t a n c e  o f  a c o n s o l i d a t i o n *  p r o c e s s  

i n  a n i m a l  research ( e . g . ,  Hil ler  G S p r i n g e r ,  1 9 7 3 ) .  

Habituation: L i k e  t h e  c o n s o l i d a t i o n  h y p o t h e s i s  t h i s  is a n  ------- 
i n v o l u n t a r y  p r o c e s s i n g  m o d e l  b u t  w i t h  t b e  l o ' c u s  o f  t h e  s p a c i n g  

ef fect  o c c u r r i n g  during P2. T h e  p o o r  p e r f o r s a n c e  o f  BP c o ~ p a r e d  

t o  DP i s  a s s u m e d  t o  be a r e s u l t  of i n s u f f i c i e n t  p r o c e s s i n g  of 

the s e c o n d  o c c u r r e n c e  o f  a n  item ( C r o w d e r ,  1 9 7 6 ) .  A s  l o n g  a s  t h e  

s u b j e c t  i s  d e v o t i n g  a t t e n t i o n  t o  PI, t h e  process r e s p o n s i b l e  f o r  

e n c o d i n g  cantiaaes t o  habitaate o r  adapt, a n d  o n l y  begfns t o  

r e c o v e r  s u b j e c t  s t o p s .  D u r i n g  Dk, recove lr  fro& 

e te  b y  t h e  t i n e  P2 o c c n r s ,  w h e r e a s  u i t h  R P ,  

P 2  o c c u r s  before  r e c o v e r y  is  c o m p l e t e ,  t h u s  i m p a i r i n g  r e t e n t i o n  



( H i n t z n a n ,  1 9 7 4 ) .  I n  a n  e x p e r i m e n t  b y  H i n t z n a n ,  Sualaers a n d  

B l o c k  (1 9 7 5 1 ,  degree o f  h a b i t u a t i o n  was m a n i p u l a t e d  b y  v a r y i n g  

t h e  e x p o s u r e  time o f  P I .  I t  was f e l t  t h a t  t h e  greater t h e  

h a b i t u a t i o n ,  t h e  slower t h e  r e c o v e r y  p r o c e s s ,  a n d  t h a t  some pre- 

dictable e v i d e n c e  o f  t h e  s F a c i n g  e f f e c t  c o u l d  b e  o b t a i n e d .  T h e  

r e s u l t s ,  h o v e r e r ,  i n 4 i c a t e d  t h a t  n e i t h e r  i n c r e a s i n g  t h e  d u r a t i o n  

o f  P I  b e ~ o n d  2.2  seconds ( E x p e r i m e n t  I ) ,  n o r  p r e s e n t i n g  p i c t u r e s  

s e v e r a l  times i n  c l o s e  , + s u c c e s s i o n  ( E r p e r i a e a t  2 )  h a d  t h &  

p r e d i c t e d  e f f e c t  o n  t h e  s p a c i n g  cw,pe ( H i n t z a a n  et a1 . ,  1 9 7 5 ) .  
% " = 

T h e  r e s a l t s  of t h i s  study sag w o u l d  h a v e  t o  

a s ~ m p t o t e  i n  l e s s  t h a n  f o r  t h i s  h y p o t h e s i s  t o  b e  , 

U h e n  m a t e r i a l s  t h a t  the s u b j e c t  c a n n o t  rehearse  are  u s e d ,  

t h e  r e c o v e r y  p r o c e s s  s h o u l d  b e  a t e m p o r a l  f a n c t i o n  a n d  n o t  d e -  

p e n d e ~ t  on the nature of t h e  i n t e r p r e s e n t a t i o n  task. It h a s  been 

d e m o n s t r a t e d  t h a t  c o m p l e x  v i s u a l  s c e n e s  a r e  no t  r e h e a r s e d  

( S h a f f e r ,  6' S h i f f r i k ,  19721 .  T h u s ,  t h e  r e s u l t s  of a study by 

H i n t z r a n  5 Rogers  (1973)  ~ e r o n s t r a t e d  t h a t  t h e  e f f e c t s  of s p a c -  

i n g  on p i c t u r e  .emor7 were a f u n c t i o n  of time a n d . i n d e p e n d e n t  of 
6 
h 

w h e t h e r  t h e  P I  - P 2  i n t e r v a l  involves o t h e r  items or  was b l a n k ,  

s n p ~ o r t i n ~  t h e  h a b i t u a t i o n  h y p o t h e s i s .  

k h e n  r a t e r i a l s  t h a t  a s u b j e c t  -&in r e h e a r s e  are as&, 
- X 

rehearsal s h o u l d  a c t  t o  a a i n t a i n  h a b i t u a t i o n  a n d  i n h i b i t  f u l l  - 
- 

recovery. ?he h a b i t u a t i o n  h y p o t h e s i s  w o u l d  p r e d i c t  t h a t  t h e  .ore 

difficult t h e  i n t e r y e n i n e  task b e t w e e n  PI a n d  ~ 2 ,  the less 



r e h e a r s a l  t h e r e  w o u l d  b e ,  u h i c h  w o u l d  r e s u l t  i n  ao re  c o m p l e t e  

r e c o v e r y  by t h e  s e c o n d  p r e s e n t a t i o n .  I n  o t h e r  words, a d i f f i c u l t  

t a s k  i n t e r v e n i n g  b e t w ~ e e n  P I  a n d  P 2  s h o u l d  p r o d u c e  g r e a t e r  

r e t e n t i o n  t h a n  i f - t h e  i n t e r v a l  i s  b l a n k  o r  filled w i t h  a n  e a s y  

t a s k .  C o n t r a r y  t o  t h i s  p r e d i c t i o n ,  P r o c t o r  ( 1 9 8 0 ;  E x p e r i a e n t  5) 

found t h a t  t h e  s p a c i n g  effect  was e l i m i n a t e d  w h e n  a d i f f i c u l t  

t a s k  i n t e r v e n e d  b e t w e e n  P I  a n d  P2, E a r l i e r  s t u d i e s  by b j o r k  a n d  

A l l e n  ( 1 9 7 0 )  u h i c h  o b t a i n e d  c o n t r a r y  r e s u l t s ,  h a v e  been 

i r i t i s i z e d  b y  P o l l s t s e k  a n d  B e t t o n c o u r t  (1 976) a s  h a v i n g  l i t t l e  
d 
'1 iar- 

a p p l i c a b i l i t y  t o  t h e  spacing ef fec t  except  i n  t h o s e  , s t u d i e s  

using t h e  B r o w n - P e t e r s o n  t a s k *  O v e r a l l ,  i t  w o u l d  a p p e a r  t h a t  

t h e r e  is l i t t l e  p i r i c a l  s u p p o r t  f o r  t h e  h a b i t u a t i o n  

h y p o t h e s i s .  T h e  o l i d a t i o n  a n d  h a b i t u a t i o n  h y p o t h e s e s  i m p l y  

p r o c e s s e s  o f  an i n v o l u n t a r y  n a t u r e .  T h e  n e x t  two h y p o t h e s e s  d e a l  

w i t h  v o l u n t a r y  p r o c e s s *  

R e h e ' a r s a l :  T h e  r e h e a r s a l  h y p o t h e s i s  s t a t e s  t h a t  s u b j e c t s  ----- 
~ i l l  r e h e a r s e  PI i n f o r s a t i o n  a n d  t h a t  t h e  l o n g e  

i n t e r v a l ,  t h e  a o r e  r e h e a r s a l  time is a v a i l a b l e  ( 

S h i f f r i n ,  1 9 6 8 )  , A s  i n  t h e  c o n s o l i d a t i o n  h y p o t h e s i s  

l o c u s  of  t h e  s p a c i n q  e f f e c t  i s  a s s u a e d  t o  b e  a t  P 

P2 a n d  t h e  e m p h a s i s  i s  o n  t h e  r e l a t i o n  b e t w e e n  t o t a  

a n d  l o n g  term s t o r a g e  s t r e n g t h  ( C r o w d e r ,  1 9 7 6 ) .  U n l i k e  t h e  

f c o n s o l i d a t i o n  h y p o t h e s i s ,  h o w e v e r ,  t h e  r e h e a r s a l  h y p o t h e s i s  

a s s u m e s  t h a t  t h e  c r i t i c a l  p r o c e s s i n g  i s  u n d e r  t h e  s u b j e c t ' s  
i + 

v o l u n t a r y  c o n t r o l .  An e x p e r i m e n t  by R u n d u s  (1971) w h i c h - , -  



i n v e s t i g a t e d  t h e  o v e r t  r e h e a r s a l  p a t t e r n s  of  s u b j e c t s  t e n d e d  t o  

s u p p o r t  t h e  h y p o t h e s i s .  S i m i l a r l y ,  Glenberg ( 1 9 7 7 )  has p r o v i d e d  

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

f o r  t h e ,  lag e f f e c t .  He a s s u m e s  t h a t  massed r e p e t i t i o n s  t e n d  t o  .. 
b e  g r o u p e d  t o g e t h e r  3 u r i n q  r e h e a r s a l ,  w h i l e  s p a c e d  o n e s  a re  n o t ,  

a n d  t h a t  t h e  p r o b a b i l i t y  of r e c a l l ,  i n  a f ree reca l l  s i t u a t i o n ,  

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

item i s  s t o r e d .  DP p r o d u c e s  s u p e r i o r  r e ca l l  b e c a u s e  t h e  s u b j e c t  

h a s  c r e a t e d  more g r o u p s  f o r  t h e s e  items t h a n  f o r  HP items. 

G l e n b e r g ' s  (1 9 7 7 )  r e s u l t s  p r o v i d e  s u p p o r t  f o r  d i f f e r e n t i a l  

r e h e a r s a l  s t r a t e a i e s  b e i n g  i n v o l v e d  i n  t h e  l a g  effect ( i .ee ,  

l o n g  PI - P 2  i n t e r v a l s  w i t h  u p  t o  40  i n t e r v e n i n g  items). 

H o w e v e r ,  a s  H i n t z m a s  (1974)  h a s  a r g u e d ,  t h e  l a g  e f fec t  i n  free 

r eca l l  may b e  t h e  r e s u l t  o f  d i f f e r e n t  p r o c e s s e s  t h a n  t h e  s p a c i n g  

e f fec t  ( s h o r t  P I  - P 2  i n t e r v a l s ) .  P r o c t o r  (1980) s u p p o r t e d  t h i s  

n o t i o n  a n d  s u g g e s t e d  t h a t  w h i l e  t h e  l a g  e f fec t  may b e  d u e  t o  

v o l u n t a r y  r e h e a r s a l  s t r a t e g i e s ,  t h e  s p a c i n g  e f f e c t  may b e  d u e  t o  

i n v o l u n t a r y  o r g a n i z a t i o n a l  p r o c e s s e s .  I n  a se r ies  of e x p e r i m e n t s  

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

of d i f f e r e n t i a l  r e h e a r s a l  E a r l i e r  s t u d i e s  w h i c h  

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

spacing effect i n  t h e  w a y  t h e  h r p o t h e s i s  w o u l d  p r e d i c t  (e .g . ,  

Efses, Greener E W i l t i n s o n ,  1972; f i in tznan  G Rogers, 1 8 7 3 ) .  It 

h a s  a l s o  b e e n  s h o w n  t h a t  i n  s t u d i e s  i n v o l v i n g  i n c i d e n t a l  

z- learning, where the s u b j e c t  h a s  no r e a s o n  t o  r e h e a r s e ,  t h e r e  is 



j u s t  a s  g r e a t  a n  e f f e c t  a s  w h e n  i n t e n t i o n a l  l e a r n i n g  i s  i n v o l v e d  

( e . g . ,  R o u e  G Rose, 1 4 7 4 ;  S h a u q h n e s s y ,  1 9 7 6 ) .  F i n a l l y ,  i n  

c o n t r a d i c t i o n  t o  t h e  n o t i o n  i m p l i c i t  i n  t h e  r e h e a r s a l  

h y p o t h e s i s ,  t h a t  t h e  l o c u s  of t h e  s p a c i n g  e f fec t  is a t  P I ,  

s t u d i e s  b y  H i n t z a a n  e t  a l .  ( 1 9 7 3 )  h a v e  d e m o n s t r a t e d  t h a t  t h e  

c r i t i c a l  p r o c e s s i n g  ' is  a t  P2. 

In summary, i t  w o u l d  a p p e a r  t h a t  t h e r e  i s  a c o n s i d e r a b l e '  

body  of e v i d e n c e  a g a i n s t  t h e  r e h e a r s a l  h y p o t h e s i s  a s  a n  e x p l a n a -  

t i o n  of t h e  s p a c i n g  e f f e c t ,  b u t  sonte s u p p o r t  i n  i t s  favor  i n  

. r e l a t i o n  t o  t h e  l a g  affect. 
t 

I n a t t e n t i o n :  T h i s  h y p o t h e s i s  p r o p o s e s  t h a t  s u b j e c t s  c h o o s e  ------- 
t o  p a y  l e s s  a t t e n t i o n  t o  P 2  w h e n  i t  o c c u r s  a d j a c e n t  t o  P I  t h a n  

w h e n  t h e y  a re  s p a c e d  a p a r t  i n  time ( U n d e r w o o d ,  , 1 9 6 9 ;  1 9 7 0 )  . 
T h u s ,  t h e r e  i s  a s s u s e d  t o  b e  less f u n c t i o n a l  s t u d y  time i n  

m a s s e d  p r a c t i c e  t h a n  d i s t r i b u t e d  p r a c t i c e  a n d  a r e s u l t i n g  

d e c r e m e n t  i n  p r o b a b i l i t y  of  r eca l l .  A n u m b e r  of a s s u m p t i o n s  

u n d e r l i e  t h i s  h y p o t h e s i s .  T h e  f i r s t  a s s u m p t i o n  i s  t h a t  t h e r e  is  

a c e n t r a l  l i n i t e d  c a p a c i t y , m e c h a n i s n  w h i c h  is r e s p o n s i b l e  f o r  

e n c o d i n g ,  a n d  t h a t  s u c c e s s i v e  p r e s e n t a t i o n s  m u s t  c o m p e t e  f o r  its 

u s e .  T h e  s e c o n d  i s  t h a t  t h e  a m o u n t  o f  p r o c e s s i n g  g i v e n  P 2  i s  

u n d e r  v o l u n t a r y  c o n t r o l  ( H i n t z a a n  G S t e r n ,  1 9 7 7 ) .  A t h i r d  

a s s u m p t i o n  i's t h a t  t h e  t o t a l  time $ a n  ( i . e . ,  t h a t  e f f e c t i v e  

s t u d y  time d e t e r m i n e s  t h e  a m o u n t  l e a r n e d )  i s  correct .  B e c a u s e  DP 

items a r e  be t t e r  recalled t h a n  tlP items, e v e n  t h o u g h  t h e y  a r e  

e q u i v a l e n t  i n  e x p o s u r e  time, t h e r e  r u s t  b e  less e f f e c t i v e  s t u d y  

3 3  



t i s e  i n  PIP s c h e d u l e s .  F u r t h e r ,  i n f o r m a t i o n  is more r e d u n d a n t  f o r  

8P i t e e s  t h a n  f o r  DP items, b e c a u s e  t h e  

p r e s e n t e d  is s t i l l  a v a i l a b l e  i n  m e m o r y .  T h i s  c o u l d  a c c o u n t  f o r  .. 
t h e  a t t e n u a t i o n  o f  a t t e n t i o n  f o r  PlP items ( S h a a g h n e s s y ,  

Z i m m e r m a n  & U n d e r w o o d ,  1 9 7 4 ) .  E v i d e n c e  i n  f a v o r  o f  t h i s  

h y p o t h e s i s  a c c r u e s  f r o m  s t u d i e s  w h e r e  s u b j e c t s  a re  allowed c o n -  

t r o l  of t h e  p r e s e n t a t i o n  o f  items (e .g . ,  Ziaaerman, 1 9 7 5 ) .  Uhen 

time s p e n t  s t u d y i n g  e a c h  item was m e a s u r e d  i t  was f o u n d  t h a t  

s u b j e c t s  s p e n t  l e s s  time o n  P2 w h e n  i t  f o l l o w e d  PI w i t h o u t  a 

d e l a y  t h a n  w h e n  there was o n e .  S imi lar  f i n d i p g s  h a w 6  b e e n  

r e p o r t e b ~  i n  o t h e r  s t u d i e s  u s i n c j  ' s u b  j e c t - p a c e d  p r o c e d u r e s  (e.g., 

S h a u g h n e s m y ,  Z i m m e r a a n  E U n d e r w o o d ,  1 9 7 2 ) .  A r e c e n t  ~ t u % ~  

W e n g e r  (1979)  a d d s  f u r t h e r  s u p p o r t  f o r  t h e  i n a t t e n t i o n  4 
c' 

h y p o t h e s i s  an3 e x t e n d s  t h e  g e n e r a l i t y  of ea r l i e r  f i n d i n g s  by  

Waugh (1 9 7 0 ) .  U s i n g  a p a i r e d - a s s o c i a t e  m e m o r y  t a s k  a n d  c o m p a r i n g  

two rates of p r e s e n t a t i o n ,  f a s t  (1.3 s e c o n d s )  a n d  s low (4  

s e c o n d s ) ,  U e n g e r  d e m o n s t r a t e d  t h a t  w h i l e  t h e r e  was a c l e a r  PfP - 
DP effect a t  t h e  s l ower  r a t e ,  t h e  s p a c i n g  e f f ec t  was e l i m i n a t e d  

a t  t h e  f a s t  ra te .  T h e  i m p l i c a t i o n  i s  t h a t  b e c a u s e  s u b j e c t s  h a d  

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

r a t e ,  t h e y  were more l i k e l y  t o  p a y  a t t e n t i o n  t o  b o t h  

p r e s e n t a t i o n s  i n  t h e  t lP  c o n d i t i o n .  T h e s e  d a t a  s u p p o r t  t h e  

p r e d i c t i o n  of t h e  i n a t t e n t i o n  h y - p o t h e s i s  t h a t  w h e n  s u b j e c t s  a re  

f o r c e d  t o  p a y  a t t e n t i o n  t o  b o t h  o c c u r r e n c e s  o f  a massed 

r e p e t i t i o n ,  t h e r e  v o u l d  b e  n o  a t t e n u a t i o n  of a t t e n t i o n  a n d  



c o n s e q u e n t l y  t h e  tlP - DP e f f e c t  w o u l d  b e  e l i m i n a t e d .  

S t u d i e s  w h i c h  t e s t e d  t h e  i d e a  t h a t  a l i m i t e d - c a p a c i t y  

c e n t r a l  p r o c e s s i n g  m e c h a n i s m  is i n v o l v e d  i n  t h e  s p a c i n g  e f f e c t  

h a v e  p r o d u c e d  r e s u l t s  s u p p o r t i n g  t h i s  n o t i o n .  E l a e s ,  G r e e n e r  arid 

U i l k i n s o n ,  (1972)  e x a m i n e d  r e c a l l  of t h e  w o r d s  w h i c h  o c c u r r e d  ' 

i m m e d i a t e l y  f o l l o w i n g  P 2 .  T h o s e  i n  t h e  H E  r e p e t i t i o n s  were 

reca l led  b e t t e r  t h a n  t h o s e  i n  t h e  DP r e p e t i t i o n s .  T h i s  f i n d i n g  

s n g q e s t s  t h a t  b e c a u s e  less  e f f o r t  i s  e x p e n d e d  i n  p r o c e s s i n g  R P  

items t h e r e  i s  more c a p a c i t ~  a v a i l a b l e  for t h e  n e x t  item i n  t h e  

l is t  and c o n s e q u e n t l y  bet ter  r e c a l l  o f  those items. S i m i l a r l y  

J o h n s t o n  a n d  O h 1  ( 1 9 7 6 )  r e p o r t e d  t h a t  w h e n  a u d i t o r y  s i g n a l s  

a c c o m p a n y  P 2  t h e r e  is  less l i k e l i h o o d  t h a t  subjects w i l l  d e t e c t  

t h e  s i g n a l  a s  t h e  PI - P 2  i n t e r v a l  i n c r e a s e s .  T h e  i m p l i c a t i o n  o f  

t h i s  f i n d i n g  is t h a t  s u b j e c t s  have more c a p a c i t y  a v a i l a b l e  

d u r i n g  RP w h e n  less e f f o r t  i s  b e i n g  made t o  e n c o d e  P 2 ,  t h a n  t h e y  

d o  d o r i n g  e n c o d i n g  of P 2  i n  DP. 

Y h i l e  t h e  a b o v e  f i n d i n g s  f a v o r  a n  a t t e n u a t i o n  of a t t e n t i o n  

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

d e m o n s t r a t e  t h e  e x i s t e n c e  of v o l u n t a r ~  p r o c e s s e s  u n d e r l y i n g  t h e  

s p a c i n q  effect. E i n t z m a n ,  S u m m e r s ,  E k i  a n d  Hoore ( 1 9 7 5 ) ,  

a t t e n p t e d  t o  m a n i p u l a t e  t h e  d e g r e e  of a t t e n t i o n  t h a t  s u b j e c t s  

p a i d  p r e s e n t a t i o n s ,  b u t  were u n s u c c e s s f u l  i n  e l i ~ i n a t i n q  t h e  

s p a c i n g  e f f e c t .  Their c o n c l n s i o n  u a s  t h a t  t h e  u n d e r l y i n g  

n e c h a n i s m  is  n o t  u n d e r  . v o l u n t a r y  c o n t r o l .  L i k e w i s e ,  E l m e s ,  

S a n d e r s  a n d  ~ o v e l  ( 1 9 7 3 ) ,  i n  a f r e e  r e c a l l  e r p e r i a e n t ,  t r i e d  t o  



a l l o c a t e  s u b j e c t s '  a t t e n t i o n  t o  t h e  s e c o n d  o c c u r r e n c e  o f  items 

- r e g a r d l e s s  of s p a c i n g ,  t h r o u g h  use of t h e  i s o l a t i o n  d't v o n  

Restorff  e f fec t .  T h e  c r i t i c a l l y  s e l e c t e d  items were i n  e i t h e r  a ' 

h i g h l y  d i s t i n c t i v e  v o i c e  ( a u d i t o r y  l i s t )  o r  d i s t i n c t i v e  t y p e f a c e  
+ 

( v i s u a l  l i s t ) .  E l r n e s  e t  a l .  (1972)  s h o w e d  a f a c i l i t a t i v e  effect  

o f  i s o l a t i o n  o n  t h e  r e c a l l  o f  s p a c e d  items c o m p a r e d  t o  aassed 

items. T h i s  c l e a r l y  d e a o n s t r a t e d  t h a t  t h e  s p a c i n g  effect  was n o t  

d i i a i n i s h e d  by i s o l a t i o n ,  a c o n t r a d i c t i o n  t o  t h e  h y p o t h e s i s  t h a t  

v o l u n t a r y  p r o c e s s e s  o n d e r l i e  t h e  UP - DP e f fec t .  

A similar  f i n d i n g  was r e p o r t e d  b y  H i n t z m a n  ( 1 9 7 6 )  w h e r e  

m o n e t a r y  i n c e n t i v ' e s  were u s e d  i n  o r d e r  t o  m a n i p u l a t e  s u b j e c t s '  

a t t e n t i o n .  A g a i n  t h e  s p a c i n g  e f f e c t  was n o t  a t t e n u a t e d .  Y h i l e  

t h e s e  s t u d i e s  a r e  n o t  c o n c l u s i v e ,  t h e y  f a i l  t o  C o n f i r m  a n  

o b v i o u s  p r e d i c t i o n  of t h e  i n a t t e n t i o n  h y p o t h e s i s .  

O t h e r  s t u d i e s  h a v e  p r e s e n t e d  a d d i t i o n a l  p r o b l e m s  f o r  the 

i n a t t e n t i o n  h y p o t h e s i s  (e.9.. D g A u o s t i n o  & DeReaer, 1 9 7 3 ,  
- 

E x p e r i m e n t  I ;  H i n t z m a n  G S t e r n ,  1 9 7 7 ;  H a s k a r i n e c  E T h o m p s o n ,  

1 9 7 6 ) .  F o r  e x a m p l e  U n d e r w o o d ,  K a p e l a k ,  a n d  ~ a l m i  (1 976) 

a t t e m p t e d ,  i n  a n u m b e r  of e x p e r i m e n t s ,  t o  d i s c o v e r  s i t u a t i o n s  i n  
+ 

w h i c h  t h e  s i z e  o f  t h e  l!lP - DP e f f e c t  v a r i e d  a s  a f u n c t i o n  o f  

o t h e r  f a c t o r s .  F o u r  d i f f e r e n t  s i t u a t i o n s  were e x a m i n e d :  ( 1 ) .  

r e c o g n i t i o n  o f  1 e t t e r s ,  (2)  verbal d i s c r i m i n a t i o r t  , (3) s h o r t  

free r e c a l l  lists, a n d  (U)  reca l l  of t u i c e  presented UP items 

w i t h  i n t e r v e n i n g  items i n s e r t e d  t o  p r o a o t e  f o r g e t t i n g .  T h e  

s p a c i n g  ef fect  uas  d e m o n s t r a t e d  i n  a l l  s t u d i e s  a n d  U n d e r w o o d  e t  



a l e  (1976)  p o i n t e d  o u t  t h a t  t h e i r  d a t a  c a n n o t  b e  a c c o u n t e d  for 

b y  a n y  of t h e  c u r r e n t  HP-DP t h e o r i e s .  In p a r t i c u l a r ,  t h e i r  

E x p e r i m e n t  IV p o s e s  s e r i o u s  p r o b l e m s  f o r  t h e  a t t e n u a t i o n  of 

a t t e n t i o n  h y p o t h e s i s .  A t t e n u a t i o n  r e s u l t s  when  t h e  m a t e r i a l  

b e i n g  p r e s e n t e d  b e c o m e s  r e d u n d a n t  i f  i t  i s  s t i l l  a v a i l a b l e  i n  ' 

memory.  U n d e r w o o d  e t  a l .  (1976) a t t e m p t e d  t o  p r o d u c e  a n  e q u i v a -  

l e n t  recall l e v e l  f o r  b o t h  DP a n d  HP items b y  i n d u c i n g  f o r g e t -  

t i n g  f o r  PI u n d e r  b o t h  s c h e d u l e s ,  T h e i r  r e s u l t s  s h o v e d  t h a t  t h i s  

a a n u p u l a t i o n  d i d  n o t  i n f l u e n c e  t h e  s p a c i n g  e f f e c t  a s  t h e  

a t t e n t i o n  h y p o t h e s i s  w o u l d  p r e d i c t .  T h e i r  E x p e r i m e n t  I11 p r o -  

d u c e d  s imilar r e s u l t s  u t i l i z i n g  m u l t i p l e  p r e s e n t a t i o n s  of  a n  

item ( U n d e r w o o d  e t  a l . ,  1 9 7 6 ) .  

T h e  a b o v e  d i s c u s s i o n  makes i t  e v i d e n t  t h a t  t h e r e  is n o  o n e  

a d e q u a t e  e x p l a n a t i o n  f o r  t h e  s p a c i n q  e f f e c t ;  i t  r e m a i n s  a 

t h e o r e t i c a l l y  e l u s i v e  p h e n o m e n o n .  The r e a s o n s  u h y  d i s t r i b u t e d  

p r a c t i c e  f a c i l i t a t e s  memory  a r e  n o t  d e a r  a n d  w h i l e  s e v e r a l  - 

t h e o r e t i c a l  a c c o u n t s  h a v e  b e e n  p r o f f e r e d  n o n e  a p p e a r s  t o  b e  

t o t a l l y  s a t i s f a c t o r y .  D e s p i t e  i t s  t h e o r e t i c a l  e l u s i v e n e s s ,  how- 

ever ,  t h e  s p a c i n g  e f f e c t  is o n e  o f  the most r o b u s t  p h e n o m e n a  

d i s c o v e r e d  i n  memory r e s e a r c h .  I t  c o u l d  be e x p e c t e d ,  t h e r e f o r e ,  

t h a t  t h e r e  w o u l d  b e  a c o n s i d e r a b l e  b o d y  o f  r e s e a r c h  

i n v e s t i g a t i n g  t h e  s p a c i n g  o f  r e p e t i t i o n s  o r  r e h e a r s a x s  of 

to-be-retmbered i n f o r m a t i o n  in applied s e t t i n g s .   his is n o t  



IV.   lied S t u d i e s  

The c u r r e n t  t r e n d  i n  e d u c a t i o n a l  p r a c t i c e  is t o  d e e m p h a s i s e  
+- 

memory ( p o s s i b l y  because 02 i ts  r o t e  m e m o r i z a t i o n  c o n n o t a t i o n ) .  

I t  is o b v i o u s ,  houev:r, t h a t  e e r o r y  p l a y s  a n  i m p o r t a n t  role. 

Since t h e  s p a c i n g  e f f e c t  h a s  b e e n  d e m o n s t r a t e d  i n  a l a r g e  

v a r i e t y  o f  l a b o r a t o r y  t a s k s  i t  seems t h a t  t h e  spacing of 

t o - b e - r e a e e b e r e d  i n f o r m a t i o n  i n  a classroom s e t t i n g  w o u l d  h e l p  

children reseaber  i t  b e t t e r .  L re.view of t h e  l i t e r a t u r e ,  

h o u e v e r , h a s  p r o d u c e d  v e r y  few s t b d i e s  i n  w h i c h  t h e  RP - DP 

p h e n o m e n o n  h a s  b e e n  u t i l i z e d  e f f e c t i v e l y  t o  p r o m o t e  l e a r n i n g  i n  

e d u c a t i o n a l  o r  r e a l  l i f e  s e t t i n g s  (B'loom G S h u e l l ,  1981; 

L a n d a u e r  E R o s s ,  1977 ;  R e i t h ,  A x e l r o d ,  A n d e r s o n ,  H a t h a w a y ,  Mood 

& P i t z g e r a l d ,  1 9 7 4 ) .  I t  may b e  t h a t ,  b e c a u s e  aassed p r a c t i c e  is 

a frequently u s e d  r e h e a r s a l  s t r a t e g y ,  its e f f e c t i v e n e s s  is 

o v e r e s t i m a t e a d .  w h i l e  i t  is  n o t  v e r y  effective, aassed p r a c t i c e  

is p r o b a b l y  u s e d  b e c a u s e  it  k e e p s  t h e  t a r g e t  item i n  mind w h i l e  

i t  i s  being r e h e a r s e d ,  a n d  t h e  p r o c e d u r e  l o g i c a l l y  f o l l o w s .  from 

t h e  c o r r e c t  a s s u m p t i o n  t h a t  i n c r e a s e d  frequency of r e p e t i t i o n s  

i a p r o v e s  r e t e n t i o n .  Also, use of n P ,  w h i l e  p r o d u c i n g  p o o r e r  

r e c a l l ,  may nevertheless r e s u l t  i n  g r e a t e r  c o n f i d e n c e  i n  being 

a b l e  t o  remember { L a r t d a o e r  & Boss, 1 9 7 7 ) .  R e p e t i t i o n s ,  h o u e v e r ,  

s h o u l d  b e  d i s t r i b u t e d  t o  b e  most e f f e c t i v e .  



I n  o n e  s t u d 7  w h e r e  t e a q h e r s  uere asked t o  judge t h e  
r ? '  

- i n s t r u c t i o n a l  e f f e c t i v e n e s s  o f  p r o s e  passages t h e y  q a v e  h i g h e r  

r a t i n g s  t o  t e x t s  i n  w h i c h  -c ; i t i ca l  i n f o r m a t i o n  u a s  m a s s e d  t h a n  

t o  t h o s e  w h e r e  i t  was s p a c e d ,  c o n t r a r y  t o  a c t u a l  e f f e c t i v e n e s s  

( R o t h k o p f ,  t 9 6 3 ;  R o t h k o p f  E C o k e ,  1966). 

A abre &irect  a p p l i c a t i o n  i n v o l v e d  t h e  u s e  ' o f  d i s t r i b u t e d  

p r a c t i c e  i n  l e a r n i n g  s p e l l i n g  l ists i n  grad& . s c h o o l  ( R e i t h  et 

al., 1 9 7 4 ) .  T h e i r  r e s u l t s  d e m o n s t r a t e d  t h a t  DP ( r e c e i v i n g  a 

p o r t i o n  of the words e a c h  day) p r o d u c e d  s u p e r i o r  p e r f o r m a n c e  o n  
I 

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

t i n g  a l l  t h e  w o r d s  a t  t h e  b e g i n n i n g  o f  t h e  week. A s imilar  

res "'7 It was o b t a i n e d  w i t h  f o r e i g n  l a n g u a g e  v o c a b u l a r y  l ists 
I 

( l e ige t  1 9 7 6 ) .  
\ 

km a s t u d y  i n v e s t i g a t i n g  t h e  a c q u i s i t i o n  of  b a s i c  s i g h t  

u o r d s ,  G q r g a g l i a n o  ( 1  97U) f o u n d  that f i v e  o n e - m i n u t e  s e s s i o n s  
t#' 

(DP)  were more' e f f e c t i v e  f o r  o v e r a l l  l e a r n i n g  t h a n  o n e  

f i v e - m i n u t e  s e s s i o n  (RP) . 
A more r e c e n t  s t u d y  ( B l o o m  G S h u e l l ,  1 9 8 1 )  p r o v i d e d  f u r t h e r  

s u p p o r t  f o r  t h e  e f f i c a c y  o f  d i s t r J b u t e d  p r a c t i c e  i n , p r a c t i c a l  

s i t a a t i o n s .  H i g h  s c b o o l  s t u d e n t s  l e a r n i n g  F r e n c h  v o c a b u l a r y  

l ists u e r e  a s s i g n e d  t o  e i t h e r  a DP c o n d i t i o n  o r  a n  FlP c o n d i t i o n .  

T h e  f o r m e r  i n v o l r e t 3  t h r e e  t e n - m i n u t e  u n i t s  o n  each of t h r e e  days 

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

o n e  t h i r t y - m i n u t e  p e r i o d  o n  a s i n g l e  day .  A test g i v e n  f o u r  days 

l a t e r  s h o v e d  t h a t  t h e  DP g r o u p  r e c a l l e d  35% more t h a n  tbe HP 



g r o u p ,  a d r a m a t i c  d i f f e r e n c e .  

An i n t e r e s t i n g  f i n d i n g  i n  t h i s  s t u d y  was t h a t ,  o n  a test  

g i v e n  t o  b o t h  g r o u p s  a t  t h e  e n d  of t h e  t h i r d  u n i t ,  t h e r e  was n o  

s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  g r o u p s ,  i n d i c a t i n g  t h a t  

Wmqq w a s  e q u i v a l e n t  f o r  b o t h  g r o u p s .  T h u s ,  i t  w o u l d  a p p e a r  

t h a t  DP a n d  HP d u r i n g  t h e  a c q u i s i t i o n  p h a s e  h a v e  e q u i v a l e n t  
t - 

effects  o n  t h e  l e a r n i n g  of v o c a b u l a r y  u o r d s .  Bloom 6 S h u e l l '  

(1981) r e a s o n e d  t h a t  b e c a u s e  t h e  two g r o u p s  were c o m p a r a b l e  a t  

the s t a r t  of t h e  r e t e n t i o n  i n t e r v a l  the d i f f e r e n c e  o n  t h e  final 
I 

test uas a f u n c t i o n  of s t o r a g e  p r o c e s s e s  r a t h e r  t h a n  a c q u i s i t i o n  . 

p r o c e s s e s .  B e c a u s e  a d e c r e m e n t  i n  r e t e n t i o n  o c c u r r e d ,  t h e y  

s u g q e s t e d  t h a t  t h e  d i f f e r e n t i a l  f o r g e t t i n g  i n  t h e  two groups was 

d u e  t o  t h e  m a s s e d  o r  d i s t r i b u t e d  c o n d i t i o n s  o f  l e a r n i n g .  It 

w o u l d  a p p e a r  t h a t  d i s t r i b u t e d  p r a c t i c e  affected l e a r n i n g  a n d  

memory i n  d i f f e r e n t  w a y s ,  i n d i c a t i n g  t h a t  s e p a r a t e  a n d  d i s t i n c t  

p r o c e s s  n a y  be i n v o l v e d .  

I t  h a s .  a l s o  b e e n  d e m o n s t r a t e d  t h a t  s p a c i n g  of t h e  r e v i e w s  

of  p r e v i o u s l y  l e a r n e d  ma te r i a l  c a n  b e  h e l p f u l .  Reynolds a n d  

Glaser (1964)  f o u n 3  t h a t  s p a c e d  r e v i e u s  of i n f o r m a t i o n  l e a r n e d  

by p r o g r a m ~ e d  i n s t r u c t i o n  i ~ p r o v e d  r e t e n t i o n  of t h e  material,  

w h e r e a s  s u c c e s s i v e  r e p e t i t i o n s  were n o t  as  e f f e c t i v e .  

U h i l e  l a b o r a t o r y  s t u d i e s  h a v e  t y p i c a l l y  e m p l o y e d  

i n t e r p r e s e n t a t i o n  i n t e r v a l s  of  v e r y  b r i e f  d u r a t i o n  ( e ,  15 

s e c o n d s )  t h e  few s t u d i e s  d i s c u s s e d  a b o v e  i n v o L v e d  a u c h  longer 

i n t e r v a l s  (up t o  24 h o u r s ) .  N e v e r t h e l e s s ,  t h e  s p a c i n g  effect was 



st i l l  o b t a i n e d .  As i n d i c a t e d  e a r l i e r ,  t h e r e  is a mass of 

e v i d e n c e  i n  s u p p o r t  of the o m n i p r e s e n c e  of t h e  p h e n o m e n o n - i n  

c o n t r o l l e d  l a b o r a t o r y  s e t t i n g s .  H o w e v e r ,  t h e  p a u c i t y  o f  s t u d i e s  

p r o v i d i n g  e m p i r i c a l  s u p p o r t  for d i r e c t  p r a c t i c a l  a p p l i c a t i o n  

p o i n t s  t o  t h e  n e e d  f o r  r e s e a r c h  i n  t h i s  a r e a ,  if t h e  goa l  of 

i m p r o v i n g  e d u c a t i o n a l  e x p e r i e n c e  is t o  b e  a c h i e v e d .  As Blooa a n d  

Shuell (1981) p o i n t e d  * o u t ,  v i r t u a l l y  n o  r e s e a r c h  h a s  been 

carried out t o  d e t e r m i n e  i f  d i s t r i b a t , e d . p r a c t i c e  works u n d e r  

norsal classroor c o n d i t i o n s .  



C. C b a p t e r  T h r e e  



n o s t  of t h e  l i t e r a t u r e  o n  t h e  s p a c i n g  e f f e c t  is c o n c e r n e d  

w i t h  t h e  s p a c i n g  b e t w e e n  t w o  ~ g s s e n t & i o n s  o f  t o - b e - r e m e m b e r e d  

m a t e r i a l  f o l l o w e d  by a t e s t .  A s i m i l a r ,  t h o u g h  much smaller b o d y  
.I 

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

f o l l o w i n g  t h e  i n i t i a l  p r e s e n t a t i o n ,  on r e t e n t i ~ n ~ ~ y p i c a l l y  t h e  
C 

p a r a d i g m  includ:% a p r e s e n t a t i o n  (P)  o f  a n  item f o l l o w e d  b y  a 

f i r s t  test  ( T I )  a n d  t h e n  a s e c o n d  t e s t  (TZ). A d d i t i o n a l  tests 

may f o l l o w  T2, a l t h o a g b  t h i s  i s  n o t  common. T h e  q u e s t i o n s  o f  

i n t e r e s t  a re  (1) does TI affect p e r f o r m a n c e  o n  T 2 ,  a n d  ( 2 )  d o  

t h e  i n t e r v a l s  b e t w e e n  P and TI a n d  b e t w e e n  T I  a n d  T 2  a f f e c t  

reca l l  o n  a l a t e r  t e s t  o f  r e t e n t i o n ? .  F i r s t ,  i t  h a s  b e e n  c l e a r l y  

d e m o n s t r a t e d  t h a t  test  t r i a l s  i n c r e a s e  memory a s  m e a s u r e d  i n  

l a t e r  t r i a l s  ( ~ a n a a u a r  C E l d r i d g e ,  1 9 6 7 ;  I z a w a ,  1 9 7 1 ,  1 9 7 8 ,  
21 

1981; U o d i g l i a n i ,  1 9 7 8 ,  1 9 8 0 ;  U e n g e r ,  T h o m p s o n ,  6 B a r t l i n q ,  

19801; U h i t t e n  C B j o r k ,  1 9 7 7 ;  Y h i t t e n  & L e o n a r d ,  1 9 8 0 ) .  T h i s  

p h e n o m e n o n  h a s  b e e n  referred t o  a s  t h e  p o t e n t i a t i n g  e f fec t  of 

t es t  t r i a l s  ( I z a v a ,  1 9 7 1 ) .  S e c o n d ,  L a n d a u e r  a n d  ~ j o r k  ( 1 9 7 8 )  

h a v e ,  p r o v i d e d  c o m p e l l i n g  e v i d e n c e  f o r  n o t  o n l v  f o r  t h e  

p o t e n t i a t i n g  e f fec t  of r eca l l  t es t s ,  b u t  a l s o  f o r  i n c r e a s e d  e f -  

f e c t i v e n e s s  w i t h  s p a c e d  s c h e d u l e s  o f  t e s t i n g  ( i n  w h i c h  s e v e r a l  

tests f 011 ow p r e s e n t a t i o n )  c o m p a r e d  t o  o t h e r  s c h e d u l e s .  T h e i r  

s t u d y  h a s  p r o v i d e d  t h e  m o d e l  f o r  t h e  p r e s e n t  a p F l i c a t i o h  t o  t h e  

l e a r n i n g  o f  m a l t i p l i c a t i o n  t a b l e s  a n d  s p e l l i n g  lists by t h i r d  

g r a d e  p u p i l s ,  a n d  w i l l  t h e r e f o r e  b e  e x a m i n e d  i n  some d e t a i l .  

B 



L a n d a u e r  G E j o r k  (1978) c o n d u c t e d  two e x p e r i m e n t s  c o n c e r n e d  \ 

w i t h  . o p t i m a l  s c h e d u l i n g  o f  r e c a l l  t es t s  f o I l o w i n g  a s i n g l e  

p r e s e n t a t i o n  of  ma te r i a l .  I n  t h e  f i r s t  e x p e r i m e n t ,  t h e  i n i t i a l  f-' 

p r e s e * t a t i o n  ( P )  was fol lowea by t h r e e  tests ( T l ,  T2, 3 a n d : s  

final r e t e n t i o n  t e s t  (T4) t h i r t y  m i n u t e s  after T3. T b e  material  

presented was the f i r s t  a n d  l a s t  n a r e s  of f i c t i t i o u s  p e r s o n s .  A 

test was c o m p r i s e d  of the p r e s e n t a t i o n  of the f i r s t  name and a 

r e q u e s t  t o  r e c a l l  the l a s t  n a m e  t h a t  h a d  a c c o a p a n i e d  i t  o n  t h e  

i n i t i a l  p r e s e n t a t i o n .  T h e  d i s t r a c t i o n  i n t e r v a l s  ( D l ,  D 2 ,  a n d  D 3 )  

b e t w e e n  P, TI, T 2 ,  a n d  T3 were f i l l e d  w i t h  i n t e r v e n i n g  i t e n s  

c o n s i s t i n g  o f  o t h e r  p r e s e n t a t i o n s  a n d  t e s t s h h u s ,  t h e  s e q u e n c e  
J-= 

gas P, D?, Tl, D2, 12, D 3 ,  T3, w i t h  the v a l u e  of  D l ,  DZ a n d .  D 3  

v a r y i n g  a c c o r d i n g  t o  a n u m b e r  of d i f f e r e n t  p a t t e r n s  and  w i t h  .T4 

aluays f o l l o w i n u  . t h i r t y  m i n u t e s  a f t e r  T3. T h e  n u m b e r  of 

i n t e r v e n i n g  itens i n  the three i n t e r v a l s  Mere arranged i n  three 

d i f f e r e n t  p a t t e r n s .  

The u n i f o r u  s e r i e s  h a d  i n t e r v a l s  w i t h  a n  e q u a l  n u m b e r  of 

i n t e r v a n i n 3  items i n  D l ,  D2, a n d  D3. The e x p a n d i n g  series had an 

i n c r e a s i n g  n u m b e r  of  i t e e s  i n  e a c h  i n t e r v a l .  T h a t  is, D1=0, 

D2=3, a n d  D3=10. The c o n t r a c t i n g  ser ies  h a d  t h e  same v a l u e s  b u t  

i n  t h e  r e v e r s e  o r d e r  , i .e .  D1=)0, D2=3, and D3=0 i n t e r v e n i n g  

i t e a s .  These l a s t  t u o  p a t t e r n s  t h e r e f o r e  d i f f e r e d  i n  t h e  

s c h e d u l i n g  of d i s t r a c t i o n  p e r i o d s  b e t w e e n  P a n d  P3, b u t  t h e  

t o t a l  e l a p s e d  time b e t w e e n  t h e s e  two e v e n t s  was k e p t  c o n s t a n t .  

I n  a d d i t i o n  t o  these t h r e e  p a t t e r n s  of tests, a P o n l y  c o n d i t i o n  



mas i n c l a d e d  w h i c h  i n v o l v e d  t h e  i n i t i a l  p r e s e n t a t i o n ,  b u t  n o  
%.% 

te-sts p r i o r  t o  T4. I n  t h i s  c o n d i t i o n  s u b j e c t s  were allowed t o  

d e t e r m i n e  t h e i r  own r e h e a r s a l  s t r a t e g i e s  b e b y e e n  P a n d  T4.  

T h e  r e s u l t s  s h o w e d  t h a t  t h e  p r o b a b i l i t y  &$ r eca l l  a t  T 3  was 
* .  

.4 f o r  t h e  10 ,  3,  0 s e q u e n c e ,  b u t  -6 i o r  t h e  0, 3, 1 0  s e q u e n c e .  .- 

T h u s ,  t h e  l a t t e r  r e s u l t e d  i n  S O X  g r e a t e r  r e c a l l  t h a n  t h e  former. 

T h e  most r e l e v a n t  f i n d i n g  -was t h a t  t h e  e x p a n d i n g  p a t t e r n  ( 0 ,  3, 

1 0 )  p r o d u c e d  almost 100% more correct  r e s p o n s e s  o n  T 4  t h a n  t h e  P 

o n l y  c o n d i t i o n .  I n  addition, t h e  e x p a n d i n g  series was s i g n i f f -  . 

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

p h a s e s  o f  t h e  s t u d y :  

T h e  r e a s o n  f o r  t h e  g r e a t e r  e f f e c t i v e n e s s  of t h e  e x p a n d i n g  

series seems f a i r l y  o b v i o u s .  I f  t h e  i n i t i a l  d i s t r a c t i n g  i n t e r v a l  

(Dl) i s  v e r y  s h o r t ,  t h e n  t h e  f i r s t  r e c a l l  a t  TI i s  l i k e l y  t o  be  

s u c c e s s f u l .  S i n c e  a s u c c e s s f u l  r e c a l l  h a s  a p o t e n t i a t i n g  e f f e c t ,  

i t  is  p r o b a b l e  t h a t  a f t e r  D2, t h e  s e c o n d  reca l l  w i l l  a l s o  be  

correct ,  e v e n  t h o u g h  D2 is l o n g e r  t h a n  Dl. T h e  s e c o n d  r e c a l l  

m i l l  l i k e v i s e  h a v e  a p o t e n t i a t i n g  e f f e c t ,  i n c r e a s i n g  t h e  

l i k e l i h o o d  of a s u c c e s s f u l  t h i r d  r e c a l l  even t h o u g h  D 3  was 

l o n a e r  t h a n  D2, a n d  so o n .  T h e  main f e a t u r e  of a n  e x p a n d i n g  test  

series i s - t h a t  t h e  s u b j e c t  i s  v e r y  L i k e l y  t o  e x p e r i e n c e  s u c c e s s  

a t  e v e r y  s t e p  due t o  t h i s  p a r t i c u l a r  s c h e d u l i n g  of  d i s t r a c t i n g  

p e r i o d s  a n d  tests .  

T h e  s e c o n d  e x p e r i ~ e n t  b y  Landaaer a n d  B j o r k  a l s o  

d e n o n s t r a t e d  t h e  e f f e c t i v e n e s s  of  a n  e x p a n d i n g  series of tests, 



u s i n g  s imi la r  m a t e r i a l s .  As a r e s u l t  of t h e  f i rs t  e x p e r i m e n t ,  

t v o  s c h e d u l e s  o f  t e s t s  were used. I n  eac) s c h e d u l e  a s i n g l e  

p r e s e n t a t i o n  was fo l lowed  by  4 tests a n  a f i n a l  d e l a y e d  test 

(TS) 30 m i n u t e s  a f t e r  T4. I n  t h e  u n i f o r m  ser ies  t h e  d i s t r a c t i n g  

p e r i o d  was as  f o l l o u s ,  DI=D2=D3=D4=3 i n t e r v e n i n g  i t e a s .  I n  t h e  

e x p a n d e d  s e r i e s  t h e  d i s t r a c t i o n  p e r i o d  was, D1=0, D2=1,  D3=3, 

D4=8 i n t e r v e n i n q  i tems. Note t h a t  t h e  mean v a l u e  of D i n  t h e  

e x p a n d i n g  series was 3, w h i c h  meant t h a t  t h e  t o t a l  n u m b e r  of 

items i n t e r v e n i n g  b e t w e e n  P a n d  T 4  was t h e  same i n  t h e  t w o  

series. A s  was t h e  c a s e  i n  e x p e r i m e n t  o n e ,  a Y o n l y  c o n d i t i o n  

uas i n c l u d e d  w h e r e  s u b j e c t s  were a l l o w e d  t o  c h o o s e  t h e i r  own 

r e h e a r s a l  s t r a t e g i e s  a n d  were tested a t  TS o n l y .  

A g a i n ,  t h e  e x p a n d i n g  ser ies  p r o d u c e d  s u p e r i o r  recall i n  a l l  

p h a s e s  o f  the s t n d y  c o m p a r e d  t o  t h e  uniform series a n d  t o  t h e  P 

o n 1 7  c o n d i t i o n .  On TS, t h e  e x p a n d e d  p a t t e r n ,  w i t h  t h e  same a v e r - .  

a g e  s p a c i n g ,  F r o d u c e d  s i g n i f i c a n t l y  s u p e r i o r  recal l  c o n p a r e d  

w i t h  t h e  u n i f o r m  se r ies ,  w i t h  66 a n d  56 p e r c e n t  r e c a l l  r e s p e c -  

t i v e l y .  Also, t h e  l a rqes t  d i f f e r e n c e  b e t w e e n  t h e  e x p a n d e d  (0, 1 ,  

3 ,  8)  s e r i e s  and  t h e  u n i f o r n  s e r i e s  o c c u r r e d  a t  TI, s u p p o r t i n g  

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

( f o l l o w i n g  P) 'is m o s t  i ~ p o r t a n t  i n  d e t e r m i n i n g  t h e  success of 

l a t e r  r e c a l l .  A t h i r d  p o i n t  is  t h a t  t h e r e  w a s  v e r y  l i t t l e  l o s s  

of r e t e n t i o n  b e t w e e n  T 4  a n d  T5 ( i n  e i t h e r  t h e  u n i f o r m  o r  
- 

e x p a n d e d  s e r i e s )  i n d i c a t i n g  t h a t  t h e  f i r s t  f o u r  tests e n g e n d e r e d  

a s t r o n g  memory of t h e  mater ia l .  F i n a l l y ,  b o t h  t h e  u n i f o r m  and 



t h e  e x p a n d e d  series p r o d u c e d  v a s t l y  s u p e r i o r  r e c a l l  o n  t h e  f i n a l  

test  c o m p a r e d  w i t h  t h e  P o n l y  g r o u p .  T h e  u n i f o r m  se r i es  p r o d u c e d  

1 5 0 %  g r ea t e r  r e c a l l ,  a n d  t h e  e x p a n d e d  ser ies  200% g r e a t e r  recal l  

t h a n  t h e  P o n l y  g r o u p ,  a v e r 7  s u b s t a n t i a l  i m p r o v e m e n t .  

I n  a d d i t i o n  t o  t h e  a b o v e ,  L a n d a u e r  a n d  Bjork a l s o  l o o k e d  a t  

effect  of r e p e t i t i o n s  of t h e  items r a t h e r  t h a n  of test 
v 

t r i a l s ,  I n  o t h e r  w o r d s ,  T I ,  T2, T 3 ,  a n d  T 4  b e c a ~ e  P I ,  P2, P3, 

a n d  P4 a n d  a t e s t  f o l l o w e d  t h i r t y  m i n u t e s  a f t e r  P4. A g a i n ,  t h e  

series c o m p a r e d  were u n i f  o r a  (3 ,  3, 3, 3) , e x p a n d e d  (0, 1 ,  3 ,  8) 

and P o n l y .  T h e  r e s u l t s  i n d i c a t e d  t h a t  t h e  l e v e l  of r e c a l 1 , o n  TS 

was i a p r e s s i v e l j  h i g h  i n  b o t h  u n i f o r m  a n d  e x p a n d e d  c o n d i t i o n s ;  

58 a n d  6 2  p e r c e n t  r e s p e c t i v e l y ,  b u t  t h e  d i f f e r e n c e  was n o t  s i q -  

n i f i c a n t .  H o u e v e r ,  t h e  i n t e r a c t i o n  b e t w e e n  t e s t - t y p e  a n d  p a t t e r n  

was s i g n i f i c a n t .  T h i s  l e d  t o  t h e  c o n c l n s i o n  t h a t  a n  e x p a n d e d  

d i s t r i b u t i o n  of  p r a c t i c e  is  b e t t e r  t h a n  a u n i f o r m  d i s t r i b u t i o n  

of p r a c t i c e  f o r  t e s t  t r i a l s ,  b u t  t h a t  t h e y  are e q u a l l y  e f f e c t i v e  

fo r  r e - p r e s e n t a t i o n s  o f  m a t e r i a l .  I t  may b e ,  a s  L a n d a u e r  a n d  

B j o r k  h a v e  a s s u m e d ,  t h a t  w i t h  t h e  e x p a n d e d  se r i es ,  s u c c e s s f u l  

t r i a l s  are b e t t e r  t h a n  r e p e t i t i o n s  b e c a u s e  t h e y  i n d u c e  a g r e a t e r  

e f f o r t  a t  e n c o d i n g ,  a n d  a d d i t i o n a l l y  s h a p e  t h e  r e s p o n s e  b e h a v i o r  

r e q u i r e d  f o r  t h e  f i n a l  t e s t  p e r f o r m a n c e ,  

I n  s u m m a r y ,  L a n d a u e r  a n d  B j o r k o s  r e s u l t s  p r o v i d e  a 

c o m p e l l i n g  d e m o n s t r a t i o n  t h a t  (a)  t es t  t r i a l s  h a v e  a 

p o t e n t i a t i n g  - e f f e c t ;  i.e, t h e y  e n g e n d e r  s t r o n g  memory of 

t o - b e - r e m e m b e r e d  ma te r i a l ;  (b )  t h e  s c h e d u l i n g  o f  tests has a 



s i g n i f i c a n t  effect  o n  how much w i l l  b e  re~erbered; and ( c )  

e x p a n d e d  series o f  tests are o p t i a a l .  

An i a p o r t a n t  a s p e c t  of L a n d a u e r  and B j o r k ' s  p r o c e d u r e  is 

t h a t ,  s i n c e  i t  e n t a i l s  o n l y  a s i n g l e  p r e s e n t a t i o n  f o l l o w e d  by  a 

n u m b e r  of tests, i t  w o u l d  see. ideally s u i t e d  t o  t e a c h i n g  basic 

m a t e r i a l s  s u c h  as n a l t i p l i c a t i o n  f a c t s  a n d  s p e l l i n g  lists t o  

p u p i l s  i n  e l e m e n t a r y  g r a d e s .  F u r t h e r m o r e ,  t h e  p r o c e d u r e  can be 

used w i t h  i n d i v i d u a l s  o r  g r o u p s .  Thus, i t  w o u l d  b e  p o s s i b l e  t o  4 
a d a p t  t h i s  p r o c e d u r e  t o  t e a c h  b a s i c  f a c t s  i n  e i t h e r  t 
i n d i v i d u a l i z e d  p r o g r a m s  ( e . g .  r e m e d i a l  m a t h ,  l e a r n i n g  c e n t r e s ,  

etc.) or a s  a g r o u p  i n s t r u c t i o n a l  m e t h o d  i n  a r e g u l a r  classroom 

s i t u a t i o n .  a). 

T h e  m a i n  p u r p o s e  of  t h i s  t h e s i s  was t o  use a n  e x p a n d e d  test 

series t o  ' t e a c h  g r ade  t h r e e  p u p i l s  m u l t i p l i c a t i o n  f a c t s  a n d  

s p e l l i n g  lists. T h e  h y p o t h e s i s  was t h a t  p r e s e n t a t i o n  o f  material 

i n  t h i s  way w o u l d  i n d u c e  g r e a t e r  r e t e n t i o n  t h a n  o t h e r  c u r r e n t l y  
e 

u s e d  i n s t r a c t i o n a l  m e t h o d s  w h i c h  t y p i c a l l y  i n v o l v e  massed 

r e p e t i t i o n s .  T h r e e  s t u d i e s  were c o n d u c t e d .  S t u d y  I was a direct 

a p p l i c a t i o n  of t h e  p r o c e d u r e  d e v e l o p e d  b y  L a n d a u e r  a n d  B j o r k  

(1978) .  G r a d e  3 s t u d e n t s  were t a u g h t  ( o n  a n  i n d i v i d u a l  bas i s )  4 

a u l t i p l i c a t i o n  f a c t s  i n  e i t h e r  a n  e x p a n d e d  series or t h e  more 

common u n e x p a n d e d  m e t h o d ,  u s i n g  a n  a u d i o  cassette and a 

p r e - r e c o r d e d  t a p e .  T h e  l a c k  of l e a r n i n g  v h i c h  was e v i d e n t  i n  

e i t h e r  c o n d i t i o n  suggested t h e  n e e d  f o r  f u r - t h e r  r e f  i n e n e n t  i n  

t h e  m e t h o d o l o g y .  Thus, S t u d y  I1 was c o n d u c t e d  i n  t h e  l a b o r a t o r y  





I. Study I 

I n  t h i s  s t u d y ,  a n  a t t e m p t  was made t o  t e a c h  f o u r  - 

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

d e v e l o p e d  b y  L a n d a u e r  a n d  B j o r k  ( 1 9 7 0 ) .  The h y p o t h e s i s  was t h a t  

t h e  s t u d e n t s  t a u q h t  t h e  f a c t s  u s i n g  an e x p a n d e d  test series 

would remember s o r e  t h a n  t h o s e  t a u g h t  u s i n g  t h e  more common 

massed p r a c t i c e  series.  

S u b _ i e r a  g a  design: T w e n t y  f o u r  g r a d e  t h r e e  s t u d e n t s  (from --- 
o n e  c l a s s r o o m )  a t  Hiller P a r k  E l e m e n t a r y  S c h o o l ,  C o q u i t l a r n ,  5.C. 

were r a n d o m l y  a s s i g n e d  t o  o n e  o f  t h e  two g r o u p s .  G r o u p  one  was 

p r e s e n t e d  w i t h  the m a t e r i a l  i n  a m a n n e r  w h i c h  reflected a 

t y p i c a l  c l a s s r o o m  m e t h o d  o f  p r e s e n t a t i o n ,  i.e. massed p r a c t i c e ,  

a n d  g r o u p  t w o  r e c e i v e d  t h e  same m a t e r i a l  b u t  i n  a n  e x p a n d e d - t e s t  

series ( d i s t r i b u t e d  p r a c t i c e )  . 
Hater ia l s  qn& prpceroge:The material  used f o r  t h e  s t u d y  was -- 

s e v e n  f a c t s  from t h e  s e v e n  times m u l t i p l i c a t i o n  t a b l e s .  T h e  f o u r  

t a r q e t  facts u e r e  7 x 3 ,  7 x 4 ,  7  x 5, and 7 x 6 ,  a n d  the t h r e e  

a 6 6 i t f o n a l  f a c t s  used a s  d i s t r a c t o r s  were 7 x 1, 7 x 2 ,  and 7 x 

7 .  A p r e - t e s t  d e t e r m i n e d  t h a t  t h e  o n l y  f a c t s  th'e s a j o r i t y  of 



s t u d e n t s  c o u l d  a n s w e r  c o r r e c t l y  u e r e  7 x l  a n d  7  x 2.  G r o u p  o n e  

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

P r e s e n t a t i o n  of f a c t  o n e  ( P 1 F 1 )  7  x 1  = 7 

T e s t  one of f a c t  o n e  ( T I P I )  7 x 1  = ?  

T e s t  t u o  of f a c t  o n e  . ( T 3 F 1 )  7  x 1  = ? 

T e s t  tbree of f a c t  pne ( T 3 F l )  7 x 1  = ? 

T e s t  four o f  f a c t  o n e  ( ~ 4 ~ 1 )  7 x 1 = ?  

Test f i v e  of  f a c t  o n e  ( T 5 F 1 )  7  x 1  = ? 

A f t e r  a s e w e n  s e c o n d  pause, fact t v o  ( 7  x 2 )  was s i a i l a r l y  

p r e s e n t e d  a n d  t e s t e d ,  a n d  s o  o n  f o r  t h e  r e m a i n i n g  f a c t s  ( 7  x 3 

t h r o u g h  7 x 7,  i n  t h a t  o r d e r ) .  Sixty s e c o n d s  a f t e r  t h e  

c o n c l u s i o n  of t h i s  s e q u e n c e ,  a f d n a l  test of a l l  s e v e n  f a c t s  was 

g i v e n .  The w h o l e  s e q u e n c e ,  i n c l u d i n g  t h e  test, uas p r e s e n t e d  

u s i n g  a p r e - r e c o r d e d  t a p e  o n  a n  a u d i o - c a s s e t t e  p l a y e r .  

P r e s e n t a t i o n  o f  each f a c t ' :  a n d  t h e  test o f  e a c h  f a c t  t o o k  2 

s e c o n d . s  a n d  r e s p o n s e  tiae a l l o v e d  was 4 seconds. Thus t h e  t o t a l  

t i n e  f o r  t h e  l e a r n i n g  s e q u e n c e  was 4 m i n u t e s  26 s e c o n d s .  T h e  

t e s t  q u e s t i o n s  o n  t h e  f i n a l  t e s t  took 2 s e c o n d s  e a c h ,  a n d  t h e  

r e s p o n s e  t i n e  a l l o v e d  f o r  each was 6 s e c o n d s ,  f o r  a t o t a l  of 56 

s e c o n d s .  

F o r  g r o u p  t w o ,  t h e  e x p a n d e d  ser ies  u a s  p r e s e n t e d  a s  f o l -  

lows: 



P r e s e n t a t i o n  of f a c t  one 

T e s t  one of  fact one 

P r e s e n t a t i o n  of f a c t  two 

Test one of f a c t  two 

P r e s e n t a t i o n  of f a c t  t h r e e  

4. 
.r Test one of f a c t  t h r e e  

Test t o o  of f a c t  one 

C 
-r Test two of f a c t  'three 

P r e s e n t a t i o n  of f a c t  four 

.L. ..- T e s t  one of f a c t  f o u r  

3 T e s t  t h r e e  of f a c t  t h r e e  

* - T e s t  two of f a c t  f o u r  

T e s t  two of f a c t  two 

T e s t  t h r e e  o f  f a c t  one 

I T e s t  t h r e e  of f a c t  f o u r  

ii Test f o u r  of fact t h r e e  

P r e s e n t a t i o n  of f a c t  f i v e  

( P F  1') 

( T I  F 1 )  

( P F 2 )  

( T I  F2) 

(Pf 3)  

( T I  F 3 )  

( T 2 F l )  

( T 2 F 3 )  

( P P 4 )  

( T l  F 4 )  

( T 3 F 3 )  

(T2F4) 

( T 2 F 2 )  

( T 3 F l )  

(T 3 F 4 )  

(T4 F 3) 

( P F S )  

... -.. T e s t  one of f a c t  f i v e  ( T l  f 5) 7 x 5 = ?  

(and s o  on, f o r  a l l  seven f a c t s )  

( s e e  Append ix  A f o r  complete  sequence) 

A s  can be seen •’roe t h e  above, the t a r g e t  f a c t s  ( )  were 

tested i n  a n  expanded manner. T h e  number of i n t e r v e n i n g  i t e m s  

between s u c c e s s i v e  t e s t s  were 0, 1 ,  2 ,  4 a n d  8, and consisted of 

b o t h  f a m i l i a r  f a c t s  and  t a r g e t  f a c t s .  Again, p r e s e n t a t i o n  and 

test  time were 2 seconds each, and response  t ime al lowed was 4 



s e c o n d s .  A s  w i t h  g r o u p  o n e ,  t h e  t o t a l  s e q u e n c e  t o o k  4 m i n u t e s  26 

s e c o n d s .  T h i s  g r o u p  u a s  g i v e n  t h e  sane f i n a l  test  a s  g r o u p  o n e ,  

60 s e c o n d s  a f t e r  c o m p l e t i o n  of t h e  l e a r n i n g  s e q u e n c e .  

P r e s e n t a t i o n  of  a l l  t h e  m a t e r i a l  a n d  tests was a u d i t o r y ,  

u s i n g  a p r e - r e c o r d e d  t a p e  ( f e m a l e  v o i c e ) ,  a n d  p l a y e d  o n  a 

cassette p l a y e r .  T h e  s t u d e n t s D  r e s p o n s e s  u e r e  r e c o r d e d  f o r  l a t e r  

a n a l y s i s .  S t u d e n t s  were s e e n  i n d i v i d u a l l y  i n  a smal l  room a n d  

uere s e a t e d  a t  a t a b l e  b e s i d e  t h e  e x p e r i m e n t e r .   the^ were 

v e r b a l l y  given a standard set of i n s t r u c t i o n s  (see A p p e n d i x  8) 

a n d  were t h e n  p l a y e d  a b r i e f  p r a c t i c e  t a p e  of k n o w n  facts (i.e., 

2 x 2 = 4 ;  w h a t  i s  2 x 2 1 ,  etc.) t o  f a m i l i a r i z e  t h e m  w i t h  t h e  

p r o c e d u r e .  Next they were p l a y e d  t h e  l e a r n i n g ,  s e q u e n c e .  D u r i n g  

t h e  60 s e c o n d  d i s t r a c t i o n  p e r i o d  f o l l o w i n g  t h i s ,  t h e 7  were asked 

a few c o n v e r s a t i o n a l  q u e s t i o n s ,  e .g .  wDo y o u  l i k e  s c h o o l ? " ;  a n d  

' w h a t  i s  y o u r  f a v o r i t e  s ~ b j e c t ? ~ ,  a n d  were t h e n  q i v e n  t h e  f i n a l  

test .  S t u d e n t s  were t h a n k e d  f o r  a s s i s t i n g  w i t h  t h e  tes t ,  a n d  f o r  

a t t e m p t i n g  t o  memorize a d i f f i c u l t  s e q u e n c e  of f a c t s .  S u b j e c t s  

f o r  e a c h  g r o u p  sere r u n  u s i n g  an  AB,BA s e q u e n c e .  T h e  e x p e r i m e n t  

was c o n d u c t e d  o v e r  f o u r  d a ~ s  d u r i n g  t h e  n o r m a l  m a t h  p e r i o d .  

R e s u l t s  a n d  d i s c u s s i o n  --- -- ------ 

T h e  r e s u l t s  were n o t  a s  e x p e c t e d ;  t h e r e  was a n  a v e r a g e  

reca l l  of  o n l y  .66 f a c t s  f o r  b o t h  g r o u p s .  T h e  o n l y  correct 

reca l l s ,  h o u e v e r ,  uere d u e  t o  r e s p o n s e s  g i v e n  by  s u b j e c t s  r u n  



toward t h e  e n d  of t h e  s t u d y .  T h u s ,  e v e n  t h i s  s m a l l  l e v e l  of 
0 /-- 

r e t e n t i o n  may h a v e  b e e n  d u e  t o  p r i o r  k n o u l G d g e  of t h e  n a t u r e  of 

t h e  e x p e r i m e n t  o n  t h e  p a r t  of t h e  l a s t  feu s u b j e c t s  r u n  i n  b o t h  

g r o u p s .  I f  t h e s e  s u b j e c t s  a re  e x c l u d e d ,  t h e  mean r e t e n t i o n  l e v e l  

f a l l s  t o  n e a r l y  zero.  T h i s  f l o o r  effect mag h a v e  b e e n  d u e  t o  a 

n u m b e r  of p r o c e d u r a l  factors .  P e r h a p s  t o o  many f a c t s  were - 

p r e s e n t e d  i n  a ser ies;  s p e e d  of p r e s e n t a t i o n  may h a v e  b e e n  too 

r a p i d ,  o r  t h e  o v e r a l l  l e n g t h  of t h e  l e a r n i n g  s e q u e n c e  a have 
- 
-- b e e n  too  l o n g .  P e r h a p s  t h e  s t r i c t l y  a u d i t o r y  mode  of 

p r e s e n t a t i o n  was i n a d e q u a t e ,  g i v e n  t h a t  t h e  c h i l d r e n  u s u a l l y  SB 

t h e  material  t o  b e  m e m o r i z e d ,  T h e  v o c a l i z a t i o n  o n  !he t a p e  may 

n o t  h a v e  b e e n  v a r i e d  o r  l i v e l y  e n o u g h  t o  i n d a c e  t h e  n e c e s s a r y  

a t t e n t i o n  f o r  l e a r n i n g  t o  t a k e  p l a c e .  T h e  s t u d e n t s  h a d  b e e n  

i n f o r m e d  t h a t  soae  t e s t i n g  w o u l d  b e  t a k i n g  p l a c e  and  t h a t  t h e y  

w o u l d  b e  u o r k i n q  i n d i v i d u a l l y  w i t h  t h e  e x p e r i a e n t e r .  T h u s ,  t es t  

a n x i e t y  may h a v e  c r e a t e d  a s t r e s s f u l  s i t u a t i o n  w h i c h ,  i n t e r f e r e d  

w i t h  p e r f o r m a n c e .  

I t  is a l s o  p o s s i b l e  t h a t  i n  s p i t e  of  t h e  e x p e c t a t i o n ,  t h e  

p r o c e d u r e  was t o o  d i f f i c u l t  t o  fo l low.  The e s s e n t f a l l y  n i l  re- 

s u l t s  o f  t h i s  s t u d y  i n d i c a t e d  t h a t  a p p l i c a t i o n  of l a b o r a t o r y  

f i n d i n g s  t o  t h e  classroom s i t u a t i o n  was n o t  as s t r a i g h t f o r w a r d  

a s  bad b e e n  i m a q i n e d .  C o n s e q u e n t l y ,  a  second s t u d y  was p l a n n e d ,  - 

,*t- 
t o  be carr ied o n t  i n  the l a b o r a t o r y ,  i n  a n  e f f o r t  k~ d i s c o v e r  - 

p r o c e d u r e s  t h a t  w o u l d  b e  & o r e  e f f e c t i v e  w h e n  u s e d  w i t h  c h i l d r e n .  
r 



11. Study I1 

I n  a n  a t t e m p t  t o  c l a r i f y  Some, of t h e  i s s u e s ,  rai'sed j n  t h e  , 
5 # 

i n i t i a l  s t u d y  a n d  t o  r e f i n e  t h e  r e t h o d o l o g y ,  a s e c o n d  e x p e r i m e n t  . 
' I 

r c  ' F 

was c o n d u c t e d  i n  the l a b o ~ a t o r y  u s i n g  c o l l e g e  s t u d e h t s .  ' " 
3 

P r a c t i c a l  c o n s t r a i n t ;  p r e c l u d e d  u s i n q  c h i l d r e n  i n ,  t h < i s  s t u d y .  It 

was felt, h o v e r e r ,  t h a t  s u f f i c i e n t  v a l u a b l e  i n f o r m a t i o n  c o u l d  be  
, , 

I 

o b t a i n e d  u s i n g  a c o l l e g e  p a y ' u l a t i o n ,  w h i c h  w o u l d  d l l o w  a r e t u r n  
e, - 

t o  t h e  classroom o i t h  a Bore- r e f i n e d  a n d  w o r k a b l e  system. 

T h e r e f o r e ,  of p r i n e  i n t e r e s t  i n  t h i s  s t u d y  were p r o c e d u r a l  . 

matters. F i - r s t ,  a n  e x a m i n a t i o n  0% t e a c h i n g  m a c h i n e s  ( e . g .  Speak 
L '  

'n H a t h ,  S p e a k  'n  S p e l l )  a n d  c o m p u t e r  a s s i s t e d  l e a r n i n g  p r o g r a m s  ' -  

(e.9.  Apple) i n d i c a t e d ,  t h a t  a n  a u d i o  v i s u a l  mode of p r e s e n t a t i o n  . 

w o u l d  p r o b a b l y  b e  mosf e f f e c t i v e .  T h i s  w o u l d  e n c o u r a g e  t h e  " , 
> 

t r a n s f e r  o f  l e a r n i n g  a c r o s s  s e n s o r y  m o d a l i t i e s ,  possibly 

i n d u c i n g  o v e r a l l  s u d e r i 0 ~  r e t e n t i o n  ( U e t s t o n e  & F r i e d l a n a e r ,  
i 

1 9 7 4 ) .  I t  was t ~ r e i o r e  -, d e c i d e d  t o '  use a u d i o  v i s u a l  p r e s e n t a t i o n  , 

of  a a t . e r i a 1  f o r  t h i s  s t u d y .  S e c o n d ,  t h r e e  c o n d i t i o n s 4  were used 

t i n  a n  a t t e , m p t  t o  d i s ; o r & r  t h e  o p t i m a l  t y p e  of s e g o e n c e  f o r  eff i - '  , 

c i e n t  a n d  e f f e c t i v e  l e a r n i n g .  T h e  t o - b e - r e m e m b e r e d  ma te r i a l  was 
, . 

f i f t e e n  f a c t s ,  t h e  s q u a r e  r o o t s  o f  f o u r  d i g i t  r a n a o n  n u m b e r s .  * 
f 0 '  - 0 

C o n d i t i o n  A u a s  e s s e n t i a l l y  t h e ?  sale p a t t e r n  as t h e  

expanded tes t  series  i n  t h e  f i r s t  s t u h y .  B y  u s i n g  t h e  tests of 



t h e  t a r g e t  f a c t s  a s  d i s t r a c t o r s  ( D ) ,  t h i s  s e q u e n c e  t o o k  h a l f  as 

m u c h  time t o  $ r e s e n t  a s  e i t h w r  of the o t h e r  two c o n d i t i o n s  

d e s c r i b e d  n e x t .  C o n d i t i o n  B was a l s o  a n  expanded tes t  series, 

b u t  e a c h  f a c t  uas . p r e s e n t e d  s i n g l y ,  a n d  e x p a n d e d  w i t h  f ami l ia r  

s q u a r e  r o o t s  a s  d i s t r a c t o r  items. T h i s  series was e x p e c t e d  t o  be 

easier  t o  l e a r n  t h a n  A-. C o n d i t i o n  C u a s  e q u i v a l e n t  i n  l e n g t h  t o  

0 ,  a n d  had t h e  same n u m b e r  o f  d i s t r a c t o r s  ( D ) ,  b u t  t h e  

r e p e t i - t i o n  of t es t s  was massed. E a c h  o f  the above  c o n d i t i o n s  was 

g i v e n  t o  o n e  of t w o  g r o u p s ,  a p r e - t i n e d  g r o u p  a n d  a s e l f - p a c e d  

g r o u p .  T h e  p r e - t i m e d  g r o u p  r e c e i v e d  t h e  m a t e r i a l  a c c o r d i n g  t o  a 

. s  . 
p r e d e t e r m i n e d  s c h e d u l e  of p r e s e n t a t i o n s  a n d  t e s t s  ( a u t o m a t i c a l l y  

c o n t r o l l e d  by e l e c t r o n i c  p u l s e  c u e s  o n  t h e  t a p e ) .  T h e  self-tired 

g r o u p  r e c e i v e d  t h e  same m a t e r i a l ,  b a t  was a l l o u e d  t o  c o n t r o l  

p r e s e n t a t i o n  a n d  r e s p o n s e  rates.  T h i s  l a t t e r  g r o u p  uas i n c l u d e d  

i n  order  t o  g a t h e r  tise related i n f o r m a t i o n  s u c h  as the l e n g t h  

o f  time s t u d e n t s  t o o k  t o  s p o n t a n e o u s l y  r e h e a r s e  an item af ter  

i ts  i n i t i a l  p r e s e n t a t i o n ,  t h e  a m o u n t  of time t a k e n  t o  r e s p o n d ,  

a s  well as any d a t a  w h i c h  m i g h t  a i d  i n  d e v e l o p i n g  a n  a p p r o p r i a t e  

m e t h o d o l o g y  for a p r a c t i c a l  e d u c a t i o n a l  a p p l i c a t i o n .  

S m e c t s :  T h i r t l  six male a n d  female u n d e r g r a d u a t e s  a t  - 
S i m o n  F r a s e f  U n i v e r s i t ~  were r a n d o m l y  a s s i g n e d  t o  o n e  of t h e  t w o  

b e t w e e n - s u b j e c t s  g r a a p s .  T h e  subjects were p a i d  $4.00 each f o r  



t h e i r  p a r t i c i p a t i o n  i n  t h e  s t u d y .  =+ 

D e s i g n i  T h e  design was a 3 x 2 f . a c t o r i a l .  C o n d i t i o n  ( A ,  B ,  --- 
C) was a u i t h i n - s u b j e c t  f a c t o r ,  a n d  time ( p r e - t i m e d  v s .  

\ 

s e l f - t i m e d )  was a b e t r e e n  s u o j e c t  f a c t o r .  I n  t h e  p r e t i m e d  qro*, 

p r e s e n t a t i o n ,  t e s t  r a t e  a n d  r e s p o n s e  time were p r e d e t e r m i n e d ,  
.r 

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

t r o l  of t h e g ' s u b j e c t . ' ? ~  avoid any ef fec t  o f  o rder ,  t h e  three 

c o n d i t i o n s  were coun t e r h a l a n c e d  across  s u b j e c t $  w i t h i n  b o t h  

U a t u a s  p a  ~ p f e t l g e  Each of the three within-sub j e c t  --- 
c o n d i t i o n s  c o n t a i n e d  f i v e  t a r g e t  f a c t s .  These f a c t s  were t h e  

s q u a r e  r o o t s  o f  four d i g i t  r a n d o m  n u m b e r s  ( e . g .  t h e  s q u a r e  roo t  

of 5794 = 76.12) .  I t  was felt t h a t  t h i s  mater ia l  was i n  some 

s e n s e  of e g a i v a l e n t  d i f f i c u l t y  f o r  c o l l & g e  s t u d e n t s  t o  ~ e m o r i z e  

as u n f a m i l i a r  m u l t i p l i c a t i o n  f a c t s  w o u l d  be  f o r  grade t h r e e  

students. T h e  d i s t r a c t i n g  task m a t e r i a l  uas the s q u a r e  r oo t  of 

f a m i l i a r  n u m b e r s  ( e l g o  t h e  s q u a r e  r o o t  o f  36 = 6 ) .  A d e s c r i p t i o n  

f o l l o w s .  i 

C o n d i t i o n  A:  T h i s  uas an e x p a n d e d  series, anid was e q u i v a -  

l e n t  t o  t h e  e x p e r i m e n t a l  c o n d i t i o n  u s e d  i n  Study I. T h i s  se- 

quence was an e x t r a p o l a t i o n  o f  L a n d a a e r  a n d  B j 0 r k . s  p r o c e d u r e  

and p r o v i d e d  a time-ef f i c i e n t  manner of presentation of 

material.  T h e  s e g a e n c e  v a s  as  f o l l o w s :  



E x o s u r e  a n d  - --- -- 
R e s p o g ~  - 

P r e s e n t  1 t i o n  of f a c t  o n e  ( P F 1 )  4 s e c o n d s  

T e s t  o n e  of f a c t ' o n e  . ( T l  F1) 6 s e c o n d s  

P r e s e n t a t i o n  o f  f a c t  t w o  (PF2) 4 s e c o n d s  

Test one o f  f a c t  two ( T l F 2 )  6 seconds 

T e s t  t u o  o f  f a c t  o n e  ( T 2 F 1 )  6 s e c o n d s  

D i s t r a c t i o n  o n e  (Dl 4 s e c o n d s  

Test tuo of fact t v o  ( T 2 F 2 )  6 s e c o n d s .  

P r e s e n t a t i o n  o f  - f a c t  t h r e e  (PF3) 4 s e c o n d s  

T e s t  o n e  of f a c t  t h r e e  ( T 1 F 3 )  6 s e c o n d s  

( a n d  s o  o n  f o r  a l l  f i r e - E a c t s )  

(see d p p e n k i x  C f o r  c o m p l e t e  s e q u e n c e )  

T h e  n u m b e r  of i n t e r v e n i n g  i tems b e t k e e n  tes ts  was 0,  1 ,  2, 

4 a n d  8. That is, b e t w e e n  T I  a n d  T2 t h e r e  was one i n t e r v e n i n g  

item, between T 2  a n d  T 3  t h e r e  were t w o  i n t e r v e n i n g  items, be- 

t v e e n  T 3  s n d  T 4 , ' f o u r  i n t e r v e n i n g  items, a n d  b e t w e e n  4 4  a n d  TS, 

e i g h t  i n t e r v e n i n g  items. As c a n  b e  s e e n  a b o v e ,  t h e  i n t e r v e n i n g  

items were the p r e s e n t a t i o n  of n e u  f a c t s ,  t es t s  of these f a c t s  - 
* f  a n d  some f a m i l i a r  d i s t r a c t o r s .  Thus, i n  C o n d i t i o n  A t h e r e  ]were-,, 

'I , 
I '. l,P 

tuo k i n d s  o f  item* u s e d  t o  e x p a n d  t h e  seriesitests of the tbr3et 
/ 

facts a n d  tes ts  o f  k n o w n  facts (e.g., what is the square r o o t  of 

81 ?)  T h e  p r e s e n t a t i o n  o f  each f a c t  t o o k  4 s e c o n d s ,  t h e  test-  of 

a  f a c t  2 ' s e c o n d s ,  a n 3  t h e  r e s p o n s e  time al lowed was 4  s e c o n d s .  

The d i s t r a c t i o n  tasks ( f a m i l i a r  items) t o o k  4 s e c o n d s  e a c h ,  i.e. 



1 1 /2  s e c o n d s  f o r  t h e  q u e s t i o n  a n d  2 1/2, s e c o n d s  f o r  t h e  

r e s p o n s e .  T-he t o t a l  l e a r n i n g  time f o r  t h i s  s e q u e n c e  was 4 
f 

m i n u t e s  20 s e c o n d s .  A tes t  ( T 6 )  of a l l  f i v e  f ac t s  ( i n  the s a m e  

o r d e r  as p r e s e n t e d )  was g i v e n  10 s e c o n d s  a f t e r  T5FS. T h i s  l a s t  

t e s t  t o o k  4 5  s e c o n d s  t o t a l  '(3 s e c o n d s  f o r  e a c h  tes t  q u e s t i o n  a n d  

6 s e c o n d s  f o r  e a c h  r e s p o n s e ) .  Thus t h e  t o t a l  t i a e  f o r  C o n d i t i o n  
b 

A uas  5 m i n u t e s  2 0  s e c o n d s .  I m m e d i a t e l y  after tes t  6 ,  s u b j e c t s  
i 

u e r e  g i v e n  t h e  same s e q u e n c e  a s e c o n d  t i a e  ( ~ 2 ) .  ~ o n k e ~ u e n t l ~ ,  

C o n d i t i o n  A ( A 1  plus ' 4 2 )  t o o k  a p p r o x i m a t e l y  10 m i n u t e s  40 

seconds t o  a d m i m i s t e r ,  m a k i n g  i t  j u s t  s l i q h t l y  l o n g e r  t h a n  

C o n d i t i o n s  B a n d  C (9 m i n u t e s  2 5  s e c o n d s  e a c h ) .  

C o n d i t i o n  0 :  T h i s  was a l s o  a n  e x p a n d e d  ser ies ,  b u t  t h e  f i v e  

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

d i s t r a c t o r s .  T h e  m a t e r i a l  uas p r e s e n t e d  a n d  t e s t e d  a s  f o l l o w s :  

P r e s e n t a t i o n  of f a c t  one ( P F 1 )  4 s e c o n d s  

T e s t  one of ' f a c t  o n e  ( T 1 F 1 )  6 s e c o n d s  

Distractor o n e  ( D l  4 s e c o n d s  

T e s t  two of f a c t  o n e  ( T 2 F 1 )  6 s e c o n d s  

Distractors 2 - 3 (D2-D3) 8 s e c o n d s  

T e s t  t h r e e  of fac t  o ~ e  ( T 3 F l )  6 seconds 

Distractars Q - 7 (P4-D7) 1 6  seconds 



Test f o u r  of f a c t  o n e  ( T 4 F 1 )  6 s e c o n d s  

Y 
D i s t r a c t o r s  8 - 1  5 (D8-D15) 32 s e c o n d s  

Test f i v e  o f  f a c t  o n e  ( T S F 1 )  , 6 s e c o n d s  

T h e r e  was a 5 s e c o n d  d e l a y  f o l l o w i n g  r e s p o n s e  t o  T 5 F 1  and 

t h e n  f a c t .  t w o  was p r e s e n t e d  i n  a l i k e  m a n n e r ,  a n d  s o  o n  u n t i l  

a l l  f i v e  f a c t s  were p r e s e n t e d .  As was t h e  case w i t h  C o n d i t i o n  A ,  

t h i s  ser ies  c o n t a i n e d  0, 1 ,  2 ,  4 a n d  8 i n t e r v e n i n g  items b e t w e e n  

tests, and was a l s o  f o l l o w e d  by  a s i x t h  test of a l l  f i v e  facts 

10 s e c o n d s  a f t e r  T5F5. T h e  u h o l e  s e q u e n c e  took 9 m i n u t e s  25  - 

'? 

s e c o n d s .  

C o n d i t i o n  C: T h i s  c o n d i t i o n  was t h e  same l e n g t h  a s  B ,  

c o n t a i n e d  f i v e  f a c t s ,  and was e q u i v a l e n t  t o  t h e  c o n t r o l  

c o n d i t i o n  i n  S t u d y  I .  T h e  ma te r i a l  was p r e s e n t e d  a n d  tested as 

fo l lows:  

D i s t r a c t o r s  I - 7 

\ P r e s e n t a t i o n  o f  f a c t  o n e  

Test o n e  of f a c t  o n e  (TI F 1 )  

Test t w o  of f a c t  o n e  ( T 2 P 1 )  

Test t h r e e  of f a c t  one ( T 3 F f )  

T e s t  f o u r  o f  f a c t  o n e  ( T 4 F 1 )  

Distractors 8 - 1 5  ' (08-01 5 )  b 
T e s t  f i v e  of  f a c t  one ( T 5 F 1 )  

A d e l a y  o f  f i v e  s e c o n d s  o c c u r r e d  a f t e r  r e s p o n s e  t o  T 5 P 1  and  

then t h e  q e x t  s e q u e n c e  c o n t a i n i n g  f a c t  t w o  b e g a n ,  a n d  so o n  

u n t i l  a l l  f i v e  f a c t s  were p r e s e n t e d .  A s i x t h  test of a l l  f i v e  
- 



* 
-. 

f a c t s  f o l l o w e d  10 s e c o n d s  a f t e r  T5F5 .  As c a n  be  s e e n  f r o m  t h e  

a b o v e ,  t e s t i n g  of t h e  f a c t s  w a s  m a s s e d  f o r  t h e  f i r s t  f o u r  tests, 

f o l l o w e d  by 8 i n t e r v e n i n g  items b e f o r e  T5.  T h i s  a l l o w e d  a d i r e c t  

c o m p a r i s o n  w i t h  C o n d i t i o n  B o n  a t es t  o f  r e t e n t i o n  a t  TS, as 

well a s  a test  o f  a l l  items o n  t h e  s i x t h  test (Tb). It  was as-  

s u m e d  t h a t  &is c o n d i t i o n  m i m i c k e d  u s u a l  m e m o r i z a t i o n  p r a c t i c e s .  

F o r  e x a m p l e ,  a c h i l d c a t t e m p t i n g  t o  l e a r n  t h e  s p e l l i n g  of a new 

w o r d  may l o o k  a t  t h e  l e t t e r s  i n  the w o r d ,  r e p e a t  t h e m  a n d  t h e n  

test h e r s e l f  t h r e e  o r  f o u r  times b e f o r e  feeling s h e  b a s  l e a r n e d  

t h e  ma te r i a l .  

F i n a l l y ,  a f t e r  a l l  3 c o n d i t i o n s  h a d  b e e n  p r e s e n t e d ,  a u r i t -  

t e n  t e s t  (T7), w h i c h  was c o m p r i s e d  o f  a s e p a r a t e  s h e e t  f o r  e a c h  

c o n d i t i o n ,  was a d m i n i s t e r e d .  ( s e e  A p p e n d i x  D f o r  s a m p l e ) .  T h i s  

f o l l o w e d  1 0  s e c o n d s  a f t e r  T 6  a n d  o c c u r r e d  ( i n  t h e  p r e - t i m e d  

g r o u p )  a p p r o x i m a t e l y  30 m i n u t e s  a f t e r  t h e  s t a r t  o f  t h e  

e x p e r i m e n t  a n d  was a n  u n t i m e d  p a p e r  a n d  p e n c i l  test o f  a l i  f a c t s  . 
f o r  each c o n d i t i o n ,  v i t h  test  o r d e r  o f  c o n d i t i o n s  

c o u n t e r b a l a n c e d  w i t h i n  T7.  

T h e  s t i m u l u s  d t e r i a l s  were p r e s e n t e d  o n  s l i d e s  w i t h  

a c c o m p a n y i n g  v o c a l i z a t i o n  o n  a u d i o  c a s se t t e ,  o n  a S i n q e r  

C a r a a a t e  rear s c r e e n  s l i d e  v i e w e r .  E a c h  s u b j e c t  uas s e e n  

i n d i v i d u a l l ~ ,  a n d  a f t e r  a s t a n d a r d  set o f  i n s t r u c t i o n s  (See 

A p p e n d i x  E), was t e s t e d  i n  a s o u n d  p r o o f  b o o t h .  A brief  p r a c t i c e  

s l i d e / t a p e  s e q u e n c e  u a s  p l a y e d  f o r  f a m i l i a r i z a t i o n  p u r p o s e s .  F o r  

t h e  s e l f - t i m e d  g r o u p ,  this p r a c t i c e  s e s s i o n  p r o v i d e d  a n  



o p p o r t u n i t y  f o r  u s i n g  t h e  s e l f - p a c e d  a p p a r a t u s .  T h i s  c o n s i s t e d  

of  a h a n d  held b u t t o n  w h i c h ,  when p r e s s e d ,  a d v a n c e d  t h e  t a p e  a n d  

c h a n g e d  t h e  s l i d e ,  Release o f  t h e  b u t t o n  s t o p p e d  t h e  t a p e ,  t h u s  

a l l o w i n g  t h e  s u b j e c t  t o  h o l d  t h e  s l i d e  o n  t h e  s c r e e n  f o r  a s  l o n g  
- 

a s  d e s i r e d .  T i m e s  b e t w e e n  o f f s e t  a n d  o n s e t  of t h e  b u t t o n  press 

were recorded. F o r  t h e  p r e - t i m e d  g r o u p  s l i d e  c h a n g e s ,  

p r e s e n t a t i o n  rate,  a n d  r e s p o n s e  time were a u t o m a t i c a l l y  c o n -  

t r o l l e d  by ' cue  p u l s e s  o n  t h e  t a p e .  A l l  s u b j e c t  r e s p o n s e s  were 

recorded f o r  later- a n a l y s i s .  f o l l o w i n g  t h e  w r i t t e n  test a b r i e f  

q u e s t i o n n a i r e  was c o m p l e t e d  by  a l l  s u b j e c t s  ( s e e  A p p e n d i x  F) , 

T h e  o b j e c t  of t h e  q n e s t i o n a i r e  was t o  g a t h e r  f u r t h e r  i n f o r m a t i o n  

r e g a r d i n g  t h e  d i f f e r e n t  c o n d i t i o n s ,  t h e  type of s t r a t e g i e s  u s e d ,  

p r e f e r e n c e  f o r  a p a r t i c u l a r  c o n d i t i o n ,  t h e  m o s t  d i f f i c u l t  

c o n d i t i o n ,  e tc.  

T o  s a n m a r i z e ,  t h i s  s t u d y  was c a r r i e d  o u t  i n  a n  a t t e m p t  t o  

d i s c o v e r  a w o r k a b l e  m e t h o d o l o g y  w h i c h  w o u l d  a l low t h e  p r a c t i c a l  
8 

a p p l i c a t i o n  o f  t h e  s p a c i n g  e f f e c t  i n  a s c h o o l  s i t u a t i o n .  A n  

e x p a n d e d  series o f  t e s t s  f o r  e a c h  t o - b e - l e a r n e d  f a c t  ( C o n d i t i o n  

B )  uas c o m p a r e d  w i t h  a m a s s e d  p r a c t i c e  series ( C o n d i t i o n  C) i n  

o r d e r  t o  d e t e r m i n e  w h i c h  c o n d i t i o n  w o u l d  b e  m o r e  e f f e c t i v e  f o r  

r e t e n t i o n  when  t e s t e d  a t  t h r e e  d i f f e r e n t  t i e &  ( T 5 ,  T 6  a n d  T7). 

C o n d i t i o n  A was a d i r e c t  e x t r a p o l a t i o n  of L a n d a u e r  a n d  B j o r k ' s  

(1978) procedure, was s imi la r  t o  t h e  e x p e r i m e n t a l  c o n d i t i o n  i a  

S t u d y  I ,  a n d  c o n s i s t e d  o f  a n  e x p a n d e d  series c o n t a i n i n g  &L t h e  

t o - b e - l e a r n e d  f a c t s .  C o n d i t i o n  A c o n t a i n e d  t h e  same n u m b e r  of 



t a r g e t  f a c t s  as B a n d  .C, b u t ,  s i n c e  tests a n d  p r e s e n t a t i o n s  of 

f a c t s  s e r v e d  as  d i s t r a c t o r s  f o r  o t h e r  f a c t s ,  t o o k  a p p r o x i m a t e l y  

h a l f  as m u c h  time t o  p r e s e n t .  C o n s i d e r i n g  t h e  time f a c t o r  o n l ~ ,  

i t  was t h u s  p o s s i b l e  t o  p r e s e n t  C o n d i t i o n  A twice i n  a t o t a l  

t i n e  c o m p a r a b l e  t o  t h a t  - t a k e n  i n ' e i t h e r  B o r  C. 

ggipu data :  S t a t i s t i c a l  analyses c o n f i r m e d  v h a t  is f a i r l y  

e v i d e n t  from t h e  d a t a  s h o w n  i n  F i g u r e  1. (Beans a n d  S t a n d a r d  

D e v i a t i o n s  are s u m m a r i z e d  i n  T a b l e  1 ;  see A p p e n d i x  G f o r  o v e r a l l  

a n a l y s i s  of v a r i a n c e ) .  First, t h e r e  were n o  s i g n i f i c a n t  

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

a n y  of t h e  t h r e e  tests i n  e i t h e r  C o n d i t i o n  B o r  C. A d d i t i o n a l l y ,  

t h e r e  was n o  w i t h i n  g r o u p  diference b e t w e e n  B and C o n  a n y  of 

the t h r e e  tests f o r  e i t h e r  g r o u p .  

S e c o n d ,  f o r  b o t h  g r o u p s  i n  C o n d i t i o n  B a n d  C,  t h e r e  was an 
* 

e q u i v a l e n t ,  a n d  r a t h e r  dramatic  l o s s  of i n f o r m a t i o n  from T5 t o  

16, a n d  less s o  from T 6  t o  7'7. 

T h i r d ,  t h e  s e l f - t i m e d  g r o u p  was g e n e r a l l y  s u p e r i o r  t o  t h e  

p r ' e - t i m e d  g r o u p  i n  t h e  A c o n d i t i o n .  T h i s  s u p e r i o r i t y  was 

s t a t i s t i c a l l y  s i g n i f i c a n t  for A 1  a t  b o t h  T5 a n d  T 6 ,  F (1,34) = 6 . O S  

a n d  4 .50 ,  r e s p e c t i v e l y ,  p < .05 i n  b o t h  cases, a s  well a s  for A 2  
, \ 

a t  P 7 ,  F ( f , 3 4 ) = 6 . 2 5 ,  p < . O l e  



Figure 1 

Percent recall on tests 5, 6 ,  and 7, as a function of 

Ccndition (Al, A2, B, and C) far the pretkmd and 

self -tirred groups. 

T5 T6 'I7 T5 T6 T7 

Tests 
C 



TABLE 1 

Heans and S t a  ard Deviations for t h e  P r e - t i m e d  26'' 
and S e l f - t i m e d  groups on tests 5 ,  6, and 7 ,  as a 

function of c o n d i t i o n ,  A t ,  A2, B ,  a n d  C- 

P r e -  t i m e d  S e l f - t i m e d  

A 1  T e s t  5 

T e s t  6 

A2 T e s t  5 

T e s t  6 

Test 7 

B T e s t  5 

Test 6 

Test ? 



C Test 5 ff 4-05 

SI) 1 - 0 0  

Test 6 II 1.44 

SD 1 - 4 2  

Test 7 M , 55 

SD - 8 6  



F o u r t h ,  u n l i k e  t h e  r e s u l t s  o f  C o n d i t i o n s  b a n d  C ,  t h e r e  was 

n o  l o s s  of i n f o r n a t i o n  b e t w e e n  T5 a n d  T 6  i n  e i t h e r  A 1  o r  A2, ' b u t  

G t h e r e  wps a c o m p a r a b l e  l o s s  b e t w e e n  T6 a n d  T 7  f o r  b o t h  g r o u p s .  

F i f t h ,  recal l  was s u p e r i o r  o n  both T 6  a n d  T7 i n  C o n d i t i o n  

A2 c o m p a r e d  t o  B a n d  C ,  f o r  b o t h  t h e  p r e - t i m e d  a n d  s e l f - t i m e d  

g r o u p s .  I n  t h e  p r e - t i m e d  g r o u p ,  h o w e v e r ,  t h e  d i f f e r e n c e  b e t w e e n  

A 2  a n d  8 o n  e i t h e r  T 6  o r  T 7  u a s  n o t  s i g n i f i c a n t .  The d i f f e r e n c e  

b e t w e e n  A 2 .  a n d  C uas s i g n i f i c a n t  a t  b o t h  T6 a n d  T 7  f o r  t h i s  

g r o u p ,  t ( 1 7 ) = 2 . 4 6  a n d  2.58, r e s p e c t i v e l y ,  p < .05 i n  b o t h  cases, 

B o n f e r r o n i  c o r r e c t e d  t - s t a t i s t i c  ( D u n n ,  1 9 6 1 )  . F o r  t h e  

s e l f - t i m e d  g r o u p ,  A 2  was s i g n i f i c a n t l y  s u p e r i o r  t o  b o t h  B a n d  C  

o n  T6  a n d  T 7 ,  a l l  t - test  v a l u e s  ( d f = 1 7 )  > t h a n  3.90, p < .01, 

B o n f e r r o n i  c o r r e c t e d  t - s t a t i s t i c  ( D u n n ,  1 9 6 1 ) .  

pin all^, a s  can b e  s e e n  from Figure 1 ,  C o n d i t i o n  A p r o d u c e d  

some i n t e r e s t i n g  r e s u l t s .  h f  t e r  r e c e i v i n g  t h e  s e c o n d  

p r e s e n t a t i o n  o f  t h e  mater ia l  (A2) , subjects i n  b o t h  g r o u p s  
' I  

i m p r o v e d  t b e i r  r eca l l  o n  TS a n d  T 6  q u i t e  d r a m a t i c a l l y  c o n p a r e d  

t o  t h e i r  p e r f o r m a n c e  a f t e r  o n e  t r i a l  ( A t ) .  

T i m e  d a t a  Iself-&&& grggui T a b l e  2 s h o w s  t h e  t o t a l  time ---- --- 
t a k e n  b y  the s e l f - t i m e d  g r o u p  in e a c h  c o n d i t i o n  c o m p a r e d  t o  t h e  

time a l l o w e d  f o r  t h e  p r e - t i m e d  g r o u p .  I n  a l l  cases, t h e  

self-timed g r o u p  t o o k  s i g n i f i c a n t l y  l o n g e r  t h a n  t h e  p r e - t i m e d  

g r o u p ,  all t - tes t  v a l u e s  ( d f = 1 7 )  > 3.80 p 0 1  B o n f e r r o n i  

c o r r e c t e d  t - s t a t i s t i c  ( D u n n ,  1 9 6 1 ) .  ' 



TABLE 2 
i 

~ o m p a k i s o n  between Pre-timed and S e l f - t i m e d  groups %, 

on t o t a l  time $aken in seconds from beginning of 

sequence t o  t h e  end of test  6 ,  i n c l u d i n g  distractors, 

. for C o n d i t i o n s  A1, A2, B, and C. 

P r e - t i m e d  Group Self-timed Group t P 

A 1  325 secs 505 secs 4 -85  - 0 0  1 

A2 325 secs 415  secs 4.78 - 0 0  1 

B 5 6 5  secs 677 secs 4.18 -00 1 

C 5 6 5  secs 715 sees 3-80 - 0  7 



1 ' 

TABLE 3 

Average time, in seconds, t a k e n  per fact or P a n d  each 

test t r i a l  (TI to T 6 )  for each c o n d i t i o n  A1, A2, 8 ,  I' . " 

and C, for t h e  S e l f - t i m e d  group, (The Pre-timed 

groups8 time$ are in brackets) ,  



T a b l e  3 s h o w s  t h e  a v e r a g e  time, i n  s e c o n d s ,  t a k e n  o n  e a c h  < e v  n t  

( P ,  TI t h r o u g h  T6) f o r  each c o n d i t i o n  b y  t h e  s e l f - t i m e d  g r o u p .  

T h e  t i n e s  a l l o t t e d  t h e  p r e t i m e d  g r o u p  f o r  t h e  same e v e n t s  are 

s h o w n  i n  b r a c k e t s .  

T h e  most n o t e u o r t h y  f e a t u r e  o f  t h e  d a t a  i n  T a b l e  3 is t h a t  

i n  all c o n d i t i o n s  t h e  s e l f - t i m e d  g r o u p  spent a c o n s i d e r a b l e  

a m o u n t  of t i a e  d u r i n g  t h e  i n i t i a l  p r e s e n t a t i o n  ( P )  e n g a g i n g  i n  

. . c o n t i n u o u s '  zind m a s s e d  r e h e a r s a l  of t h e  t o - b e - r e m e m b e r e d  

material .  I n t e r e s t i n g l y ,  t h e  r e c a l l  d a t a  s h o v e d  t h a t  t h e  e x t r a  

time d i d  not h e l p  t h e  s e l f - t i n e d  g r o u p  c o m p a r e a  t o  t h e  p r e - t i m e d  

g r o u p  i n  t h e  B a n d  C C o n d i t i o n s ,  b u t  d i d  so i n  t h e  A c o n d i t i o n .  

Q u e s t i o n n a i r e  Data: 

d 
An e x a m i n a t i o n  of t h e  q u e s t i o n a i r e s  s h o v e d  t h a t  i n  response 

t o  t h e  q u e s t i o n  r e g a r d i n g  v h i c h  c o n d i t i o n  f e l t , m o s t  comfortable, 

C o n d i t i o n  B was p r e f e r r e d  by 50% of t h e  s u b j e c t s .  T h e s e  s u b j e c t s  

a l s o f r e p o r t e d  t h a t  t b e y  f e l t  t b e y  h a d  l e a r n e d  more i n  C o n d i t i o n  

0 .  A p p r o x i m a t e l y  25% of t h e  C o n d i t i o n  A ,  a n d  
t 

r e p o r t e d  t h a t  r e c ' e i r i n g  the s e q u e n c e  twice was h e l p f u l .  T h e  2 5 %  

who p r e f e r r e d  c o n d i t i o n  C f e l t  i t  u a s  b e s t  b e c a u s e  i t  reflected 

t h e i r  n o r m a l  m e t h o d  of m e m o r i z a t i o n .  

When s u b j e c t s  v e r e  a s k e d  which c o n d i t i o n   the^ f o u n d  t h e  

most difficult, 50% r e ~ o r t e d  t h a t  A was h a r d e s t .  The m a i n  r e a s o n  

u o a l d  a p p e a r  t o  b e  t h e  l a c k  o f  a d i s c e r n i b l e  p a t t e r n  of 



C p r e s e n t a t i o n s  a n d  tests. T h i r t y - t h r e e  p e r c e n t  r e p o r t e d  ~ t b a t  C .  

uas t h e  most d i f f i c u l t  a n  t h e  r e m a i n i n g  1 7 X ' f e l t  t h a t  B uas t h e  

h a r d e s t .  

S i x t y - o n e  p e r c e n t  o f  s u b j e c t s  i n  the p r e - t i m e d  g r o u p  
P 

reported that t h e y  w o u l d  i i k e  t o  h a v e  bad more time to t h i n k  be- 

fore  a n s u e r i a g o  T h i r t y - n i n e  p e r c e n t  f e l t  t h a t  the time a l l o w e d  

uas adequate. 

Cooglusiggq; T h e  m a i n  p u r p o s e  o f  t h i s  s t u d y  .was t o  e x p l o r e  

d i f f e r e n t  p r o c e d u r e s  i n  the h o p e  o f  f i n d i n s  one  o r  more methads 

t h a t  w o u l d  be .ore a 3 a p t a b l e  t o  the c l a s s r o o m  s i t u a t i o n  t h a n  t h e  

o n e  used i n  Study 1. T h e  r e s u l t s  of S t u d y  1 1  p o i n t e d  o u t  a num- 

b e r  of i m p o r t a n t  f a c t o r s  i n  t h i s  r e g a r d .  

\ F i r s t ,  r e g a r d i n g  mode of p r e s e n t a t i o n ,  t h e  b e h a v i o r  a n d  
ds 

c o n a e n t s  of s u b j e c t s  i n d i c a t e d  t h a t  t h d  c h o s e n  a u d i ~ - v i ~ a & l  mode 

~ o r k e d  very u e l l ,  It uas c lear  that it uas vas t  iuprowement 

over t h e  method u s e d  i n  S t u d y  I. T h e  u s e  of t h i s  method ,was 
+ 

therefore c o n t i n u e d  it S t u d y  111. 
> 

J 
Second, the tire i n f o r m a t i o n  p r o v i d e d  b y  the se 

offered a more r e a l i s t i c  f o u . n d a t i o n  f o r  d e t e r n i n i n g l  suit- 

able presentation rates a n d  r e s p o n s e  i n t e r v a l s .  

t o  use a p r e - t i m e d  mode  o f  p r e s e n t a t i o n  i n  S t o d y  111, mainly f o r  

p r a c t i c a l  c o n s i d e r a t i o n s .  T h e  p r e s e n t a t i o n  a n d  r e s p o n s e  rates 

were m d i f i e d  u i t h  respect t o  those u s e d  i n  S t u d y  I ,  as a r e s u l t  

of t h e  i n f o r m a t i o n  o b t a i n e d  i n  t h e  s e l f - p a c e d  p a r t  of t h e  s t u d y .  



T h i r d ,  i n  t h e  p r e - t i m e d  g r o u p ,  , C o n d i t i o n  A *was n o t  signffi- 

c a n t l y  s u p e r i o r  t o  C o n d i t i o n  E. Since C o n d i t i o n  B was p e r c e i v e d  . 
a s  t h e  eas ies t  i n  S t u d y  11, i t  was d e c i d e d  t o  u s e  t h i s  sequence 

of s p a c i n g  i n  Study 1 1 1 . ' ~ o n d i t i o n  C was a g a i n  u s e d  as a c o n -  - 
t r o l .  

, f o u r t h ,  t h e  d i f f e r e n c e  b e t w e e n - . p e r f o r m a n c e  i n  C o n d i t i o n  0 

a n a  C was n o t  s i g n i f i c a n t  i n  e i t h e r  g r o u p .  As f l e l t o n  (1970) 

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

n o t  demonstrated, ~etkadolu~ical o o t h e r  factors shoead be  

s u s p e c t e d ,  On the basis o f  s u b j e c t s B -  c o m m e n t s  t h e " 9 r e s e n t  re- 

s a l ' t s  v e r e  p2robably d u e  t o  ' t h e  t h e  d i k t r a c t i n g  task n o t  b e i n g  of 
-9 

s u f f i c i e n t  d i f f i c u l t 7  t o  p r e v e n t  r e h e a r s a l  i n  C o n d i t i o n  0 .  

fin all^, U o s s  of r e t e n t i o n  b e t w e e n  T 5 ,  T 6  a n d  7 d o e  

t o  ansuccessful trials, p o i n t e d  t o  t h e  n e e d  t o  provide feedback 
a 

- to s u b j e c t s  - a f te r  e a c h  t e s t ,  w i t h  t h e  aim of r e d u c i n g  such a 

loss. A f aedback  p r o c e b u r e -  u p s  t h e r e f o r e  i ~ c ~ r p o r a t e d  i n  the 
. . - .  

series nsed i n  S t u d y  111. 

I n  sun, this s t u d y ,  c a r r i e d  o a t  i n  ' a  l a b o r a t o r y  s e t t i n g ,  
. . 

' p r o v i d e a  v e r y  valuable s u g ~ e s t i o n s  f o r  procedures t o  be  nsed i n  . < .  
a p p l i e d  r e s e a r c h  w i t h  s c h o o l  children. . 
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S t u d y  I was c a r r i e d  o u t  i n  a s c h o o l  s i t u a t i o n  w i t h  g r a d e  

t h r e e  s t u d e n t s  and was c o s p  of t w o  e x p e r i m e n t s  r u n  o v e r  a 

t w o  w e e k  p e r i o d .  ~ x ~ e r i r r e n t h ~ b  was a a i r e c t  a p p l i c a t i o n  of t h e  

m e t h o d o l o g y  a n d  r e s u l t s  o f  S t u d y  I S u b j e c t s  u e r e  t e s t e d  

i n d i u i d u a f l y  and t h e  s a t e r i a l  s ( a u l t i p l i c a t i o n  facts a n d  

s p e l l i n g  l i s t s )  were p r e s e n t e d  a u d i o - v i s u a Z l y .  A c o m p a r i s o n  uas 

m a d e  b e t u e e n  s u b j e c t s  who r e c e i v e d -  d i s t r i b u t e d  p r a c t i c e  

( e x p a n d e d  ser ies)  a n d  s u b j e c t s  u h o  r e c e i v e d  m a s s e d  p r a c t i c e  

series. T h e  expanded se r i es  u a s  s i ~ i l a r  t o  C o n d i t i o n  B i n  S t u d y  

11. "The difference was t h a t  i n  t h e  p r e s e n t  case, s u b j e c t s  uere 

g i v e n  f e e d b a c k  a f t e r  e a c h  test. I n  t h e  p r e v i o u s  s t u d y  t h e r e  u a s  

a s i n g l e  . p r e s e n t a t i o n  f o l l o u e d  b y  a n  e x p a n d e d  series of t e s t  
1 

a t r i a l s .  It became a p p a r e n t  t h a t  i f  a s u b j e c t  f o r g o t  an item o n  
, - 

any t e s t  t h e r e  u a s ' a  v e r y  h i g h  p r o b a b i l i t y  t h a t  i t  w o u l d  n o t  b e  
1 

1 - 

- r e t r i e v e d  o n  s u b s e q n e n t  tests. Ia o r d e r  t o  c o u n t e r a c t  a n y  memorT 

l o s s  due t o  u n s a c c e s s f u l  t r i a l s  a n d  t o  p r o v i d e  i m m e d i a t e  

f e edback  t o  t h e  s u b j e c t ,  a  b r i e f  re-presentation.folloued t h e  

t e s t  t r i a l s  i n  t h e  p r e s e n t  s t u d y .  T h e  massed p r a c t i c e  sequence 

was l i k e  C o n d i t i o n  C i n  S t u d y  11, but a g a i n  w i t h  f e e d b a c k  f o l -  

lowing each t es t .  

E x p e r i r e n t  IIIB was r u n  i n  an a t t e m p t  t o  d e t e r m i n e  w h e t h e r  



t h e  p r o c e d u r e s  of E x p e r i m e n t  I I I A  w o u l d  b e  e f f e c t i v e  i n  a g r o u p  

s i t u a t i o n .  H a v i n g  g a i n e d  access t o  a s c h o o l  p o p u l a t i o n  f o r  

e x p e r i m e n t a l  p u r p o s e s  i t  was f e l t  t h a t  u s e  of t h i s  o p p o r t u n i t y  

t o  t r y  o u t  a g r o u p  p r o c e d u r e  s h o u l d  n o t  b e  mi s sed .  E x p e r i m e n t  

IIIB i n v o l v e d  w h o l e  c l a s s  i n s t r u c t i o n .  A g a i n ,  t h e  d i s t r i b u t e d  

series was c o m p a r e d  w i t h  a massed p r a c t i c e  m e t h o d  o f . l e a r n i n g  

and t h e  m a t e r i a l  uas m u l t i p l i c a t i o n  f a c t s  a n d  s p e l l i n g  w o r d s .  

S t u d e n t s  r e c e i v e d  drill sheets w h i c h  reflected either a massed 
4 

o r  e x p a n d e a  s e r i e s  o f  p r e s e n t a t i o n s  a n d  tests .  I t  was p l a n n e d  

f r o a  the M g i n n i n g  t h a t  t h e  g roup  s t u d y  w o u l d  be r u n  before 

E x p e r i m e n t  I I I A  i n  o rder  t o  a v o i d  p o s s i b l e  m e t h o d o l o g i c a l  

c o n f o n n d s  r e s u l t i n g  from a l l  s u b j e c t s  h a v i n g  i n d i v i d u a l  c o n t a c t  

u i t h  t h e  e x p e r i m e n t e r .  H o w e v e r ,  b e c a u s e  I I I A  is a e t h o d o l o g i c a l l y  

and p r o c e d u r a l l y  * re la ted  ffore d i r e c t l y  t o  S t u d y  11, i t  w i l l  be  

d i s c u s s e d  f i rs t .  



IV. E x p e r i n e n t  IIIA 

S u b j e c t s :  S u b j e c t s  i n  t h i s  s t u d y  were 4 4  m a l e  a n d  f e m a l e  -- --- 
s t u d e n t s  ( a v e r a g e  a g e  8.5 y e a r s )  f r o m  t w o  g r a d e  three  c l a s s e s  a t  

C e d a r  Drive E l e m e n t a r y  S c h p o l ,  P o r t  C o q u i t l a s ,  B.C. T h e i r  

t e a c h e r s  were a s k e d  t o  r a n k  t h e  s t u d e n t s  o n  t w o  v a r i a b l e s ,  m a t h  

a n d  s p e l l i n g  a b i l i t y ,  a n d  o n  t h i s  b a s i s  t w o  g r o u p s ' w e r e  f o r m e &  

( d i s t r i b u t e d  p r a c t i c e  a n d  massed p rac t i ce )  e a c h  f o r  m a t h  a n d  

s p e l l i n g .  

Qllgn; t h e  d e s i g n  i n v o l v e d  t h e  c o m p a r i s o n  of two g r o u p s  

( e x p a n d e d  v e r s u  massed p r a c t i c e )  w i t h  e a c h  of two d i f f e r e n t  P 
types of ma te r i a l ,  m u l t i p l i c a t i o n  f a c t s  and  s p e l l i n q  lists. H a l f  

t h e  s t u d e n t s  r e c e i v e d  the m a t h  c o n d i t i o n  f i r s t  . a n d  h a l f  . t h e  

s p e l l i n g  c ~ n d i t i o n  f i r s t .  The m a t h  f a c t s  and s p e l l i n g  u o r 3 s  were 

p r e s e n t e d  t o  a l l  t h e  s u b j e c t s  i n  t h e  same o rde r ,  b u t  t w o  o r d e r s  

of t e s t i n g  t h e  mater ia l  were u s e d ,  c o u n t e r b a l a n c e d  a c r o s s  

s u b j e c t s .  T h u s ,  s u b j e c t s  l e a r n e d  t h e  m a t e r i a l _ s e q u e n t i a l l y ,  1 t o  

5 ,  b u t  were t e s t e d  i n  o rde r  o n e ,  i.e., 3 , 2 , 5 , 4 , 1 ,  a n d  i n  o rde r  

t w o ,  t h e  o p p o s i t e  (1,4,5,2,3). I n  e a c h  g r o u p  ( m a s s e d  a n d  

e x p a n d e d )  t h e  o r d e r  of t e s t i n g  s u b j e c t s -  f o l l o w e d  a n  A B ,  BA 



p a t t e r n ,  T h e r e  were t w o  tes ts ,  a n  o r a l  test o n e  a i n u t e  a f t e r  t h e  

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

o f  t h e  f i r s t  t e s t ,  S u b j e c t s  who r e c e i v e d  o rde r  o n e  i n  t h e  o r a l  

teTt, r e c e i v e d  t h e  same o r d e r  i n  t h e  u r i t t e n  test ,  a n d  l i k e w i s e  
\ 

f o r  o r d e r  two. 

Hater_i&L A p r e t e s t  was a d m i n i s t e r e d  t o  a l l  t h e  s t u d e n t s  -- 
f o r  b o t h  k a t h  f a c t s  a n d  s p e l l i n g  w o r d s ,  i n  order t o  g e n e r a t e  a 

l ist  o f  s t i a ~ l u s  materials .  A s  a r e s u l t  of t h i s ,  f i v e  

m u l t i p l i c a t i o n  f a c t s  a n d  f o u r  w o r d s  were selected o n  t h e -  b a s i s  

o f  t h e i r  d i f f i c t ~ l t y  f o r  t h e s e  s t u d e n t s .  T h e  ma te r ia l  used f o r  

t h e  d i s t r a c t i o n  t a s k s  were a l l  f a m i l i a r  m u l t i p l i c a t i o n  f a c t s  a n d  
i 

known s p e l l i n g  w o r d s ,  

T h e  r e s u l t i n g  ma te r i a l s  were '(a) f i r e  m u l t i p l i c a t i o n  f a c t s  

(8  x 5 t o  8 x 9)  a n d  ( b )  f o u r  s p e l l i q g  w o r d s  (brought, h a p p i l y ,  

machine, p o l i c e ) .  Is was - t h e  case i n  S t u d y  11, b o t h  t y p e s  of 

material1 were p r e s e n t e d  on s l ides  w i t h  a c c o m p a n y i n g  v o c a l i z a t i o n  

on a u d i o  casse t te  (female v o i c e ) ,  o n  a S i n g e r  C a r a m a t e  rear 

s c r e e n  s l i d e  v i e w e r .  T h e r e  w a s  a s i n g l e  o r d e r  of p r e s e n t a t i o n  i n  

b o t h  c o n d i t i o n s .  S l i d e  c h a n g e s ,  p r e s e n t a t i o n  r a t e  a n d  r e s p o n s e  

time were a o t o r a t i c a l l ~  c o n t r o l 1 e . d  by e l e c t r o n i c  c u e  p u l s e s  o n  

t h e  t a p e .  T h e  o r a l  t es t  was t h e  same format a s  t h e  l e a r n i n g  

s e s s i o n  ( i . e . ,  s l i d e - t a p e )  a n d  s u b j e c t s  r e s p o n s e s  were t a p e  

r e c o r d e d . .  T h e  w r i t t e n  test u a s  a s i n g l e  s h e e t  c o n t a i n i n g  a l l  

f i v e  f a c t s  i n  t h e  m a t h  c o n d i t i o n  ( A p p e n d i x  H). I n  t h e  s p e l l i n g  

c o n d i t i o n  t h e  w r i t t e n  t e s t  w a s  p r e s e n t e d  o r a l l y  o n  a p r e r e c o r d e d  



casse t te  t a p e  and t h e  s u b j e c t s  wrote t h e i r  r e s p o n s e s  o n  a b l a n k  

s h e e t  of p a p e r .  

P r o c e d u r e :  E a c h  s u ' b j e c t  was s e e n  on a n  i n d i v i d u a l  b a s i s  i n  --------- 
. * 

a small room. After r e c e i v i n g  a s t a n d a r d  set of i n s t r u c t i o n s  

.(see A p p e n d i x  I)  t h e  s u b j e c t  was seated f a c i n g  t h e  s c r e e n  w i t h  

t h e  e x p e r i m e n t e r  p o s i t i o n e d  b e h i n d .  A b r i e f  p r a c t i c e  s e s s i o n  was 

t h e n  given f o r  f a m i l i a r i z a t i o n  p u r p o s e s .  S u b j e c t s  i n  t h e  

expanded series g r o u p  r e c e i v e d  t h e  f o l l o u i n g  s e q u e n c e :  

P r e s e n t a t i o n  one of f a c t  P I  5 secs 10 secs 

T e s t  o n e  of f a c t  T 1 6 secs 1 0  s e t s  

P r e s e n t a t i o n  two 'P 2 4 secs 5 secs 

Dis t rac tor  o n e  

T e s t  t w o  

P r e s e n t a t i o n  t b r e e  

D i s t r a c t o r  two 

D 1 5 secs 5 secs 

T 2  6 secs 10 secs  

P 3  4 secs 5 secs 

D2 5 secs 5 secs 

D i s t r a c t i o n  t h r e e  D 3  

T e s t  t h r e e  T 3  

P r e s e n t a t i o n  f o u r  P 4  

Df s t r a c t o r  f o u r  D4 

Distractor fire Et5 

5 secs 5 secs 

6 secs 10 secs. 

4 secs 5 secs 

5 s e c s  5secs 

5 secs 5 secs 



Distractor sLx D 6  5 secs 5 secs 

D i s t r a c t o r  s e v e n  D7 5 secs 5 secs 
I 

# T e s t  f o u r  

P r e s e n t a t i o n  f i v e  

TY b secs 10  secs 

PS 4 secs 5 secs 

T h i s  was f o l l o w e d  b y  a n  i n t e r v a l  (15 s e c o n d s  i n  s p e l l i n g  

a n d  1 0  s e c o n d s  i n  m a t h )  a f t e r  w h i c h  t h e  n e x t  f a c t  o r  word' u a s  

p r e s e n t e d  i n  t h e  same s e q u e n c e .  T h e r e  were a t o t a l  of 5 m a t h  

P/. f a c t s  and k s p e l l i n g  w o r d s .  T h e r e  was & o n e  n i n u t e  d i s t r a e f i o n  

i n t e r v a l  a t  t h e  e n d  of t h e  l e a r n i n g  s e q u e n c e  d u r i n g  w h i c h  

s t u d e n t s  were a s k e d  a few c o n v e r s a t i o n a l  q u e s t i o n s  w h i l e  t h e  

t a p e  a n d  slide t r a r s  were c h a n g e d .  T h e  o r a l  test was 

a d m i n i s t e r e d  a f t e r  t h i s  o n e  m i n u t e  d i s t r a c t i o n  p e r i o d .  Subjects 

were al lowed 1 0  s e c o n d s  r e s p o n s e  time f o r  e a c h  m a t h  f a c t  and 1 2  

s e c o n d s  f o r  each w o r d  i n  t h e  s p e l l i n g  c o n d i t i o n ,  a g a i n  a n t o m a t i -  

c a l l y  times. R e s p o n s e s  were t a p e  recorded f o r  l a t e r  analysis. 

Upon c o m p l e t i o n  of t h e  o r a l  test,  s u b j e c t s  were g i v e n  t h e  

~ n t i m e d  w r i t t e n  t e s t .  I n  t h e  m a t h  c o n d i t i o n  t h i s  i ~ v o l v e d  a 

sheet c o n t a i n i n g  a l l  f i v e  f a c t s .  S u b j e c t s  were i n s t r u c t e d  t o  

t a k e  t h e i r  time a n d  a t t e m p t  t o  remember a s  many f a c t s  a s  the). , 

could w i t h o u t  r e s o r t i n g  t o  w o r k i n g  t h e  a n s w e r s  oa t .  I n  t h e  

s p e l l i n g  c o n d i t i o n  t h e  s u b j e c t s  l i s t e n e d  t o  t h e  t es t  q u e s t i o n s  

on t h e  t 3 p e  a n d  w r o t e  t h e i r  answers o n  a b l a n k  s h e e t  of p a p e r .  
- 

A d v a n c e m e n t  o f  t h e  t a p e  was u n d e r  e x p e r i m e n t e r  c o n t r o l  and thus 
- 

e a c h  q u e s t i o n  was a n s w e r e d  o r  a t t e m p t e d  before t h e  n e x t  one was ? 

$ 2  

* p r e s e n t e d .  A g a i n  t h e  s u b j e c t s  were i n s t r u c t e d  t o  t a k e  t h e i r  time 3 A 
I 



a n d  a t t e m p t  t o  remember w h a t  t h e y  h a d  l e a r n e d .  
? 3 

', 

. the w r i t t e n  t e s t  was t o  allow a n  a d d i t i o n a l  o p p o r t u n i t y  t o  I ,  

0 ,  

r e s p o n d  w i t h o u t  time c o n s t r a i n t s .  T h e  t o t a g  time , f o r  t h e  l e a r n -  
1 

- 
i n g  s e s s i o n r  was 7.5 m i n u t e s  f o r  math a n d  8 m i n u t e r  f o r  s p e l l i n g  

w i t h  t h e  o r a l  t e s t $  t a k i n g  50 s e c o n d s  a n d  6 0  s e c o n d s ' r e s p e c t i v e -  

T h e  massed p r a c t i c e  g r o u p s e  received e x a c t l y  t h e o  same 

c o n d i t i o n s ,  t h e  o n l y  e x c e p t i o n  b e i n g  t h e  s e q u e n c e  of 

d i s t r a c t p r s ,  tests ,  a n d  d r e s e n t a t i o n s .  U n d e r  t h e  massed 

c o n d i t i o n  all s e v e n  d i s t r a c t o r s  o c c u r r e d  f i r s t  f o l l o w e d  b y  a , s q -  

q u e n c e  o.f p r e s e n t a t i o n s  of f a c t s ,  tests a n d  r e - p r e s e n t a t i o n s ,  as 

f o l l o w s :  

D is t rac to r s  o n e  t o  s e v e n  D l - D 7  

P r e s e n t a t i o n  o n e  

Test o n e  

P r e s e n t a t i o n  t u o  

T e s t  two 

P r e s e n t a t i o n  t h r e e  

Test t h r e e  

P r e s e n t a t i o n  f o u r  

T e s t  f o u r  : 

qresentation fire P5 

Exposure time, r e s p o n s e  time, i n t e r - i t e m  i n t e r v a l s  a n d  

tests were all . o f  the same d u r a t i o n  a s  in t h e  d i s t r i b u t e d  

p r a c t i c e  c o n d i t i o n .  A s  can be seen from a b o v e ,  t h i s  - s e q u e n c e  
I 



; o r r e s p o n d s  t o  C o n d i t i o n  C - i n  S t u d y  11. B o t h  g r o u p s  in t h i s  

s t u d y  r e c e i v e d  e x a c t l y  t h e  same m a t e r i a l ,  t h e  same number of 

p r e s e n t a . t i o n s ,  tests a n d  d i s t r a c t o r s ,  and were t h u s  e q u i v a l e n t  

i n  e v e r y  way e x c e p t  i n  t h e  s e q u e n c i n g  of  test t r i a l s  a n d  

p r e s e n t a t i o n s .  S u b j e c t s  were n o t  in fo rmed  c o n c e r n i n g  t h e  

= ~ i r e c t ~ e s s  of t h e i r  r e s p o n s e s  on t h e  tests b u t  were thanked fo r  
'. - 

t a k i n g  p a r t  a n d  t o l d  t h a t  t h e y  h& d o n e  well o n  a v e r y  d i f f i c u l t  

t a s k .  

me q e s a l t s  of the math a n d  s p e l l i n g  c o n d i t i o n  re 
'k - 

a n a l y s e d  s e p a r a t e l y .  I 

B u l t i p l i c a t i o n  facts: Hean scores a n d  S t a n d a r d  D e v i a t i o n s  

as b- f u n c t i o n  of  g r o u p  ( d i s t r i b u t e d  v e r s u s ' a a s s e d )  , class, and 

l e v e l  ( t o p  h a l f  o f  t h e  c l a s s  v e r s u s  b o t t o m  h a l f )  o b t a i n e d  o n  t h e  

o r a l  and w r i t t e n  t es t s  for are shown i n  T a b l e  4. A Z (g rou ,p )  z 

2 ( c l a s s )  X 2 ( l e v e l )  a n a l y s i s  of  v a r i a n c e  was p e r f o r m e d  on t h e  " 
9 
1 

d a t a  f o r  t b e l o r a l  a n d  w r i t t e n  tes ts  s e p a r a t e l y  (See Appendix  J). 

For t h e  oral t e s t  tbere was a s i g n i f i c a n t  m a i n  e f fec t  f o r  g r o u p  

(P ( 1 , 3 6 )  = l S  . 6 9 ,  p < . G O 1  ) . S u b j e c t s  who l e a r n e d  the n a t e r i a l  i n  _ 

a n  expanded  ser ies  o f -  tes t  t r i a l s  ( o v e r a l l  mean=2.04)  ' recalied 
- - -- - - 

- 

twice as r u c h  on t h e  o r a l  tes t  as t h o s e  who learned t h e  same 
*. 

- -- - - - -  1 

m a t e r i a l  v i t h  a a a s s e d  p r a c t i c e  series ( o v e r a l l  m e a n 4  - 0 1 ) .  



TBBLE .IS 

Clean scores a ~ d  Standard D e v i a t i o n s  on  t heo  oral and 

written t e s t s  of math facts b y  group, level and c l a s s ,  + 

Class  One Class T w o  
l & P s  

L e v e l  1 Level 2 $Level 1 L e v e l  2 Group 

O R A L  TEST 

DP Grp, M 1.17 7-80 3-20 2-00 2-04 



S i m i l a r i l ~ ,  t h e r e  was a s i g n i f i c a n t '  d i f f e r e n c e  of almost t b e  

same m a g n i t u d e  b e t w e e n  t h e  two g r o u p s '  scores o n  t h e  w r i t t e n  

test ,  ( F ( 1 8 3 6 ) = l Q . 9 9 ,  p  < .001) ,  w i t h  o v e r a l l  m e a n s  of 2 .66  and 

6 ' 1.40 f o r  t h e  d i s t r i b u t e d  a n d  m a s s e d  g r o u  s, r e s p e c t i v e l y .  

On b o t h  t h e  o r a l  a n d  w r i t t e n  t e s t  t h e r e  was a s i g n i f i c a n t  

I m a i n  e f f ec t  f o r  c l a s s  ( O r a l  test: F ( 1 , 3 6 )  = 1 5 . 6 9 ,  p < . 0 0 1 ;  writ- 

I t e n  test :  F ( 1 8 3 6 ) = 1 9 . 9 6 ,  p < . O O 1 )  . I t  can b e  i n f e r r e d  from t h i s  

d a t a  t h a t  c l a s s  t u o  w a s  s u p e r i o r  t o  class o n e  i n  m a t h  a b i l i t y ,  4 
a t  l e a s t  as m e a s u r e d  by t h i s  t es t .  

On t h e  o r a l ,  b u t  n o t  t h e  w r i t t e n  tes t  t h e r e  was a s i g n i f i -  : 

c a n t ,  m a i n  e f fec t  f o r  l e v e l  (F  (1 ,36 )  = L 3 O ,  p <.05) T h i s  f i n d i n g  

s u g g e s t s  t h a t  t h o s e  s t u d e n t s  ranked i n  t h e  t o p  h a l f  of t h e  class 

o n  a a t h  a b i l i t y ,  t e n d e d  t o  p e r f o r m  b e t t e r  o n  a t i m e d  v e r b a l  tes t  

( b u t  n o t  o n  a n  u n t i m e d w w r i t t e n  t e s t )  t h a n  t h o s e  r a n k e d  i n  t h e  

bottom h a l f .  

T h e r e  was a n  i n t e r a c t i o n  b e t u e e n  class a n d  l e v e l  o n  b o t h  

t h e  o r a l  a n d  w r i t t e n  tests. H i g h e r  r a n k e d  s t u d e n t s  i n  c l a s s  one 

d i d  n o t  d o  as well as t h o s e  r a n k e d  l o w ,  i n  e i t h e r  t h e  aassed o r  

d i s t r i b u t e d  c o n d i t i o n s .  T h i s  i n t e r a c t i o n  u o u l d  seem t o  i n d i c a t e  

t h a t  t h e  t e a c h e r ' s  r a n k i n g  o f  t h e  s t u d e n t s  i n  t h i s  class may n o t  

h a v e  r e f l e c t e d  t h e i r  p e r f o r a a n c e  p o t e n t i a l ,  a t  least o n  ,a 

m e m o r i z a t i o n  task. 

A t - tes t  s h o w e d  t h a t  b o t h  g r o u p s  d i d  s i g n r f i c a n t l y  better 

o n  tbe w r i t t e n  t e s t  t h a n  o n  t h e  o r a l  test  (t(42)=3.55 p< . O U ~ , p p p  

T h i s  d i f f e r e n c e  may h a v e  been d u e  t o  t h e  l a c k  o f "  time 



c o n s t r a i n t s  o n  t h e  w r i t t e n  tes t .  f u r t h e r ,  t h e  c h i l d r e n  may h a v e  

p e r f o r m e d  bet ter  because t h e  w r i t t e n  test ref lec ts  t h e  normal 

method of t e s t i n g .  A l t e r n a t i v e l y ,  t h e  p o s s i b i l i t y  c a n n o t  b e  

h 
r u l e d  o u t  t h a t  t h e  c h i l d r e n  may h a v e  c o m p u t e d  some ansuers, 

c o n t r a r y  t o  t h e  i n s t r u c t i o n  t o  r e l y  on memory. 

SpeelJnc~i M e a n s  a n d  s t a n d a r d  D e v i a t i o n s  o n  b o t h  t h e  u r i t t e n  

a n d  o r a l  t e s t s  f o r  each 9group a re  s h o w n  i n  Table 5. A 2 ( g r o u p )  X 
b L  

2 ( c l a s s )  X 2 ( l e v e l )  a n a l y s i s  of v a r , $ a n c e G  ( s e e  A p p e n d i x  K) s h o w e d  
... 

t h a t  there uas n o  m a i n  e f fec t  fo; c l a s s  i n  e i t h e r  t h e  o r a l  or  

w r i t t e n  tests. Thus,% as f a r  a s  s p e l l i n q  a b i l i t y  u a s  c o n c e r n e d  
,I 

t h e r e  was n o  d + f f e r e n c e '  b e t w e e n  t h e  two classes. T h e r e  were, 

h o w e v e r ,  m a i n  e f fects  far b o t h  g r o u p  a n d  level . A s  c a n  b e  s e e n  
\ 

from T a b l e  4 ,  t h e  e x p a n t i e d  series g r o u p  c o r r e c t l y  recalled 89.0% 

(Pl=3.59) of the words o n  t h e  o r . a l  test,  c o m p a r e d  t o  79.5% 

(U=3.18) f o r  t h e ' m a s s e a  p r a c t i c e  g r o u p ;  a s i g n i f i c a n t  d i f f e r e n c e  

( 1 , 3 6 ) 2 4  p < . 0 5 ) .  On t h e  u r i t t e n  t e s t  b d t h  g r o u p s  i m p r o v e d  

t h e i r  p e r f o r m a n c e .  T h e  e x p a n d e a  series g r o u p  h a d  a n  a v e r a g e  of 

95.5% correct r e s p o n s e s  ( H = 3 . 8 2 ) ,  c o m p a r e d  t o  87.5% ( t i=3.5)  f o r  

t h e  sassed p q a c t i c e  g r o u p .  This a g a i n  was' a s i g n i f i c a n t  

d i f f e r e n c e  (F ( l , 3 6 )  = & . I S ,  p  < . 0 5 ) .  T h e s e  r e s u l t s  make ' i t  clear  

t h a t  an expanded ser ies  o f ,  t e s t s  i s  a b r e  e f f e c t i v e  way t o  

l e a r n  s p e l l i n g  t h a n  t h e  more c o m ~ o n l ~  used massed p r a c t i c e ,  e v e n  

a t  h i g h  l e v e l s  o f  p e r f p r m a n c e .  + 



TABLE 5 

Mean &ores and Standard Deviations on the oral  and 

vrixter tests of s p e l l i n g v  facts; by  group, 2 e v e l  and 

class. 

Class One 

ORA L  TEST 

DP Grp. 4 3.83 

n 5 

- PBITTEbT TEST' 

Class Two 

L e v e l  1 Leve l  2 Group 

(High) (LOW) Mean 



T h e r e  was a l s o  a s i g n i f i c a n t  m a i n  e f f e c t  f o r  l e v e l  o n  b o t h  
4. 

t h e  ' o r a l  ( ( 1 , 3 6 ) = 1 5 1 3 ,  p < . O O l )  a n d  w r i t t e n  tes t  

d 
{F(1,36) =6.86. p < . 0 1 ) .  T h o s e  s t u d e n t s  r a n k e d  h i g h  o n  s p e l l i n g  

a b i l i t y  p e r f o r m ' e d .  better t h a ~  t h o s e  r a n k e d  low, t h u s  c o n f i r m i n g  

t h e i r  t e a c h e r s *  a s s e s s a % n t .  
9 9  

A t - t es t  s # @ u s d " f h a t  t h e r e  3as a s i g n i f i c a n t  d i f f e r e n c e  be- 
& <  * 

1 
t w e e n  scores o n  t h e  w r i t t e n  a n d  o r a l  t e s t s  (t(42)=3.62, p < . 

.001).  As h a d ,  b e e n  t h e  case w i t h  m u l t i p l i c a t i o n  f a c t s ,  c h i l d r e n  

- pe~fer*ed s i g n i f i t e n t l f  better on a n  u n t i a e d  w r i t t e n  test t h a n  

o n  a t i r e d  o r31  test.  r e s a l t  is n o t  s u r p r i s i n g  s i n c e  tests ThiL, i n  s p e l l i n g  are t y p i c a l l y  w r i t t e n  form w i t h  f a i r l y  l o n g  
, 1 

r e s p o n s e  times. ' F 

/ 
#J - 

T h e  m a i n  r e s u l t ,  i . e . ,  t h a t  d i s t r i b u t e d  p r a c t i c e  w o r k s  

better' t h a n  massed p r a c t i c e  f o r  l e a r n i n g  @ spell, is an @' I 

i m p o r t a n t  f i n d i n g .  T h e  e m p h a s i s  o n  a massed p acf ice a p p r o a c h  t o  

s p e l l i n g ,  as a d v o c s t e d  i n  many s p e l l i n g  t e x t s '  (e.g., T h e  , 

C a n a d i a n  , B a s i c  S p e l l i n g  P r o g r a m  3 ) ,  may n o t '  b e  t h e  most 

p r o d u c t i v e  i n  l i g h t  of t h e s e  r e s u l t s .  I n s t r u c t i d n s  w h i c h  d i r e c t  

t h e  s t u d e n t  t o  d i s t r i b u t e  p r a c t i c e  a n d  r e r i e u  w o u l d  b e  more 

b e n e f i c i a l .  

The r e s u l t s  of S t u d y  311h m a k e  i t  clear t h a t  t h e  b e n e f i t s  

of spaced practice need n o t  b e  c o n f i n e d  t o  a l a b a r a t o ~ r -  - 

s i t u a t i o n .  These f i n d i n g s  p r o v i d e  s t r o n g  e v i d e n c e  t h a t  a 
- - - - - - - - - - - 

/ p r a c t i c a l  a p p l i c a t i o n  of t h e  s p a c i n g  e f fec t  c a n  s u b s t a n t i a l l y  

increase t h e  amount of material  s t u d e n t s  learn i n  s c h o o l .  A 



sizable and striking e f fec t  was a c h i e v e d  w i r t h  m u l t i p l i c a t i o n  

t a b l e s  a n d  a somewhat l essef  e f fect  w i t h  s p e l l i n 4  uords- 



h s  m e n t i o n e d  p r e v i o u s l y  t h i s  p a r t  of t h e  s t u d y  was carr ied 

o u t  i n  a n  e f f o r t  to d e t e r m i n e  w h e t h e r - p r o c e d u r e s  from E x p e r i m e n t  

IIIA c o u l d  be e f f e c t i v e l ~ ~ a d a p t e d  for a g r o u p  o r  w h o l e  class 

s i t u a t i o n  u s i ' n g  t y p i c a l  c l a s s r o o m  mate r i a l ,  i -e . ,  d r i l l  s h e e t s .  - -. 

S u b j e c t s :  T h e  s a m e  subjects were used i n  b o t h  p a r t s  of t h e  -- ---- 
s t u d y .  The c o a p o s i t i o n  o f  t h e  t w o  g r o u p s  was c h a n g e d ,  however,  

i n  o r d e r  t o  e l i m i n a t e  p o s s i b l e  c a r r y - o v e r  effects  f r o m  o n e  s t u d y  

t o  t h e  o t h e r .  T h u s ,  h a l f  t h e  s u b j e c t s  who r e c e i v e d  d i s t r i b u t e d  

p r a c t i c e  i n  E x p e r i a e n t  I f I A  r e c e i v e d  massed - p r a c t i c e  i n  

E x p e r i m e n t  I I I B  a n d  vice v e r s a .  f b e  t e a c h e r s '  r a s k i n g s  (i.e., 

l e v e l )  Mere s t i l l  u s e d ,  sd t h a t  each g r o u p  h a d  a n  e q u a l  n u m b e r  

of  h i g h  l e v e l  a n d  l o u  l e v e l  s t u d e h t s .  

& g & ~ i  Two g r o u p s ,  e r p a n d e a  p r a c t i c e  and massed practice, 
. a 

were c o m p a r e d  o n  p e r f o r m a n c e  o n  two w r i t t e n  tests a f t e r  w h o l e  

c l ass  t r a i n i n g  w i t h  d r i l l  s h e e t s  o v e r  a t h r e e  day p e r i o d .  Two 

t y p e s  o f  ma te r i a l  were u s e d ,  m u l t i p l i c a t i o n  f a c t s  a n d  s p e l l i n g  

words ,  a n d  t h e  c o m p o s i t i o n  o f  t h e  g r o u p s  f o r  e a c h  c o n d f t i o n  

v a r i e d  a c c o r d i n g  t o  t e a c h e r s  r a n k i n g s  of s t u d e n t s v  m a t h  a n d  
\ 



s p e l l i n g  a b i l i t y .  T h u s ,  a s  was t h e  ca se  i n  1114, t h e  d e s i g n  was 
L 

a s i m p l e  two g r o u p  c o m p a r i s o n  o n  two tes t s ,  f o r  e a c h  c o n h i t i o n ,  

m a t h  and s p e l l i n s .  

B a t e r i a l :  T h e  m a t e r i a l  f o r  t h i s  e x p e r i m e n t  c o n s i s t e d  of ------- 
d r i l l  s h e e t s  c o n t a i n i n g  e i t h e r  m u l t i p l i c a t i o n  f a c t s  o r  s p e l l i n g  

u p r d s .  I n  t h e  math c o n d i t i o n  t h e  d i s t r i b u t e d  p r a c t i c e  g r o u p  

received a d r i l l  s h e e t  c o n s i s t i n g  of 6 t a r g e t  f a c t s  ( 7  x 4 t o  7 

x 9) w h i c h  were t e s t e d  f o u r  t i n e s  e a c h  w i t h  an e x p a n d i n g  n u m b e r  

o f  d i s t r a c t o r s  ( f a m i l i a r  f a c t s )  b e t w e e n  e a c h  tes t .  F o r  t h e  

a a s s e d  p r a c t i c e  g r o u p  t h e  d r i l l  s h e e t  was e s s e n t i a l l y  t h e  same 

e x c e p t  t h a t  t h e  t a r g e t  f a c t s  were tested s u c c e s s i v e l y  w i t h  z e ro  

i n t e r v e n i n g  items. h similar d e s i g n  was f o l l o w e d  f o r  t h e  

s p e l l i n g  list a n d  i n  t h i s  c o n d i t i o n  f i v e  w o r d s  were u s e d  ( g u e s s ,  

suddenly, e a r t h ,  t h r o u g h ,  c i r c u s ) .  E x a m p l e s  o f  drill s h e e t s  f o r  

e ac i  c o n d i t i o n  a r e  i n  A p p e n d i c e s  L a n d  U. 

t 

"r --------- P r o c e d u r e :  F o r  b o t h  s p e l l i n g  and m a t h ,  t h e  d r i l l  s h e e t s  

were d i s t r i b u t e d  d u r i n g  t h e  r e g u l a r  l a n g u a g e  a r t s  o r  m a t h  

p e r i o d s  o n  t h r e e  c o n s e c u t i v e  d a y s .  S t u d e n t s '  n a m e s  were w r i t t e n  

o n  t h e  d r i l l  s h e e t s  s o  t h a t  s u b j e c t s  a s s i g n e d  t o  e i t h e r  g r o u p  

( e x p a n d e d  o r  massed) received t h e  a p p r o p r i a t e  ma te r i a l  u i . t h o u t  

c a l l i n g  a t t e n t i o n  t o  t h e , - " T a c t  t h a t  t h e r e  were t u o  d i t f e r e n t  

c o n d - i t i o n s .  Thus it was p o s s i . b l e  f o r  t h e  teacher t o  g i v e  a- 

s t a n d a r d  set  of i n s t r u c t i o n s  t o  a l l  s t u d e n t s  i n  h e r  c l a s s .  For 

t h e  s p e l l i n g  d r i l l  t h e  f i v e  t a r g e t  w o r d s  were i n t r o d u c e d  i n  t h e  

n o r m a l  m a n n e r  o n  d a y  o n e  ( e ,  w r i t t e n  o n  t h e  c h a l k b o a r d ,  

8 8  



--. 

s p e l l e d  o u t  l e t t e r  by l e t t e r ,  g i v e n  a d e f i n i t i ~ n ~ a n d  u s e d  i h  t h e  

c o n t e x t  of a s e n t e n c e ) .  T h e  i n s t r u c t i o n s  ' g i v e n  t o  t h e  s t u d e n t s  
- ,  

wore t o  learn t h e  w o r d s  b y  w o r k i n g  t h r o u g h  t h e  > r i l l  s h e e t s .  T b e  

s t u d e n t s  were i n f o r a e d  t h a t  t h e r e  w o u l d  be  a t e s t  o n  d a y  f o u r  

b u t  were n o t  i n f o r m e d  r e g a r d i n g  t h e  tes t  o n  d a y  s e v e n .  A t  t h e  

e n d  of t h e  d r i l l  s e s s i o n  t h e  s h e e t s  were co l lec ted  a n d  o n  t h e  

t v o  s u b s e q u e n t  d a y s  t h e  same p r o c e d u r e  was fo l lowed b u t  w i t h o u t  , 

a 

t h e  i n t r o d u c t i o n .  h s i m i l a r  p r o g r a m  o f  t r a i n i n g  was c a r r i e d  o u t  

\I. w i t h  t h e  m u l t i p l i c q ( l i o n  f a c t s .  

The d a t a  f r o m  t h i s  e x p e r i m e n t  d i d  n o t  s h o w  t h e  p r e d i c t e d  

s p a c i n q  e f f e c t .  T h e r e  were n o  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  

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

e i t h e r  t e B t  o n e  o r  t e s t  two. T a b l e  6 s h o w s  t h e  mean  a n d  p e r c e n t  

reca l l  scores for t h e  - two  g r o u p s  o n  e a c h  test i n  ' b o t k  

L 

t h a t  t h e  d i s t r i b u t e d  p r a c t i c e  g r o u p  o n  a v e r a g e  r e c a l l e d  

l y  3.85 o f  t h e  6 f a c t s  (64%) c o m p a r e d  t o  t h e  massed 
a ., 

I g r o u p ' s  3.25 (54%), a n o n - s i g n i f i c a n t  d i f f e r e n c e .  On a 

test t h r e e  d a y s  l a t e r  r eca l l  f o r  t h e  DP g r o u p  was 57% 

c o n d i t i o n s .  I n  t h e  m a t h  c o n d i t i o n  t h e  r esa l t s  of t e s t  o n e , s h o v e d  

correct- 

p t a c t i c e  

s u r p r i s e  

c o m p a r e d  

t o  59% f o r  t h e  massed p r a c t i c e  g r o u p ,  a g a i n  a n o n - s i g n i f i c a n t  
3 

6if f e r e n c e .  



. TABLE 6 

Eean and percent scores on spelling and math tests 

me and two for the d i s t r i b u t e d  p r a c t i c e  and 

massed practice g r o u p s ,  

T e s t  One Test Two 

D i s t r i b u t e d  p r a c t i c e  3.85 (64%)  3 . 4 0  ( 5 7 % )  

Group 

Hassed practice 3.25 (541) 3.55 (59%)  

Group 

S P E L L I N G  TEST 

T e s t  One Te.st .Two 

4 - 3 3  (87%) . D i s t r i b u t e d  p r a c t i c e  4- 48 (90%)  

Group 

nassed p r a c t i c e  4-48 (90%) =4,66 ( 3 3 % )  
I I 

Group 



T - 

A a i m f . l s r  o f  r e s u l t s  was o b t a i n e d  i n  t h e  s p e l l i n g  ' 

c o d d i t i o n .  T h e  m a s s e d  p r a c t i c e  g r o u p  scored e x a c t l y  the saa,e a s  
0 

t h e  d i s t r i b u t e d  p r a c t i c e  g r o u p  o n  t e s t  o n e ,  a n  a v e r a g e  o f  4.48 

correct  o u t  o f  5 (90%). On t h e  d e l a y e d  test t h e r e  was very 

i/ l i t t l e  f o r g e t t i n g ;  t h e  DP g r o u p  h a d  a n  a v e r a g e  of  4.33 correct 

(87%) a n d  t h e  WP g r o u p  4.66 correct  ( 9 3 % ) ,  a n o n - s i g n i f i c a n t  + 

difference. , 

In effec t ,  t h e  r e s u l t s  of t h i s  experiment suggest t h a t  

w h i l e  d r i l l  sheets aqe effective f o r  l e a r n i n g ,  t h e  variables . - - 

w h i c h  u s u a l l y  p r o d u c a  the s p a c i n g  e f f e c t  are n o t  e a s i l y  c o n -  
I 

t r o l l e d  o r  m a n i p u l a t e d  w i t h  t h i s  type of ma te r i a l  i n  a classroom 
' 

s i t u a t i o n .  H o w e v e r ,  t h e  f a c t  t h a t  d i s t r i b u t e d  p r a c t i c e  w i t h  

d r i l l  s h e e t s  d i d  n o t  r e s u l t -  i n  l e a r n i n g  b e n e f i t s  is  n o t  

c o n c l a s i v e  e v i d e n c e  t h a t  suck m e t h o d s  c a n n o t  b e  a p p l i e d  i n  t h e  

clasroom. Rather ,  o t h e r  a p p r o a c h e s  s u c h  as v a r i a t i o n s  i n  

a a t e r i a l s  t h a t  u o u l b  a l l o w  greater  c o n t r o l  o v e r  ' r e h e a r s a l ,  o r  
4 

g i v i n g  e x p l i c i t  i n s t r a c t , i o n s  t o  d i s t r i b u t e  p r a c t i c e ,  n e e d  t o  b e  

i n v e s t i g a t e d .  



D. Chapter P o n y  



F o r  t h e  p u r p o s e  o f  f u r t h e f  d i s c u s s i o n  a br ief  summary of - ' 
\ ' 

t h e  r e s u l t s  o f  t h i s  series ol s t u d i e s  may b e  h e l p f u l -  I n  S t u d y  1 

a n  a t t e n p t  was 'made a t  a d i r e c t  a p p l i c a t i o n  o f  t h e  p r o c e d u r e s  

d e v e l o p e d  b y  L a n d a u e r  a n d  ~ j d r k  (1978) to  t h e  t e a c h i n g  of some. 

bas ic  s u $ t i p l i c a t i o n  f a c t s  t o  g r a d e  t h r e e  s t u d e n t s .  T h e  lack of 
, . 

a p p r e c i a b l e  r e s u l t s  l e d  t o  + h e  d d s i g n  o f  a n o t h e r  s t u d y  i n -  o r d e r -  

t o  c l a r i f p  some m e t h o d o l o g i c a l .  i s s u e s .  T h u s ,  S t u d y  I1 was 

c a r r i e d  o u t  i n  ' t h e  l a b o r a t o r y  u s i n g  c o l l e g e  s t u d e n t s .  T&S s t u d y  

, d e m o n s t r a t e d  a n u m b e r  of i m p o r t a n t  p o i n t s  s u c h  as t h e  u t i l i t y  of 

a n  a u d i o  v i s u a l  mode o f  p r e s e n t a t i o n ,  a n d  p r o v i d e d  v a l u a b l e  d i -  - L/ 

I 

r e c t i o n  f o r  f u r t h e r  r e s e a r c h  i n  a s c h o o l  s i t u a t i o n .  As a r e s u l t  

of  t h e  p r o c e d u r a l  i n f o r m a t i o n  g a i n e d  f r o m  t h e s e  two e x p e r i m e n t s ,  

S t u d y  I11 was c o n d u c t e d  w i t h  grade t h r e e  c h i l d r e n  a n d  i n v o l v e d  
i;P 

t w o  p a r t s :  a n  i n d i v i d u a l  s t u d y  ( I I I A )  a n d  a w h o l e  c lass  s t u d y  

(IIIB). T h e  materials u s e d  i n  b o t h  p a r t s  were m u l t i p l i c a t i o n  
, 

f a c t s  a n d  s p e l l i n g  l ists.  T h e  r e s u l t s  of S t u d y  I I I A  s h o w e d  t h a t  

i t  was p ~ ~ s i b l p  t o  a p p l y  l a b o r a t o = y  f i n d i n g s  t o  f a c i l i t a t e  t h e  

a c q u i s i t i o n  o f  mater ia l  by  s t u d e n t s  i h  ' a s c h o o l  . s e t t i n g .  

C h i l d r e n  who r e c e i v e d  a n  e x p a n d e d  seriep of test t r i a l s  r e c a l l e d  

a lmos t  twice a s  many m a t h  f a c t s ,  a n d  were s i q n i f i c a n t l y . s u p e r i o r  ' 

: i n  s p e l l i n g ,  t h a n  t h o s e  who r e c e i v e d  a massed series. . 



- T h e  r e s u l t s  of S t u d 1  IIIA u e r e  most e n c o u r a g i n g . _  T h e  
R 

d e m o n s t r a t i o n  ' t h a t  m e m o r i z a t i o n  o f  m u l t i p l i c a t i o i  t a b l e s  a n d  

s p e l l i n g  lists, c a n  be  f a c i l i t a t e d  b y  d i s t r i b u t e d  p r a c t i c e  . I h a s  , 
a 

i m p o r t a n t  i m p l i c a t i o n s  f ~ r  e d u c a t i o n ' .  F a c t o r s  t o  b e  c o n s i d e r e d  - 
i n  r e l a t i o n  t o  t h e  p r e s e n t  r e s e a r c h  i n v o l v e  p o s s i b l e . d i r e c t  a.p- 

p l i c a t i o n s  of d i s t r i b u t e d  p r a c t i c e  a s  a r e m e d i a l  a i d  f o r  
7 .  

c h i l d r e n  w i t h  l e a r n i n g  p r o b l e m s  i n  m a t h .  I f  c h i l d r e n  c a n  b e  

b e l p e d  t o  e x p e r i e n c e  s u c c e s s  i n  l e a r n i n g  bas ic  i a c t s  s u c h  a s  /' 
m u l t i p l i c a t i o n  t a b l e s ,  t h i s  w i l l  h a v e  a f a c i l i t a t i v e  effect  o n  

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

. . d i v i s i o n .  

T h e  s l i d e / t a p e  mode  o f  p r e s e n t a t i o n  p r o v e d  v e r y  e f f e c t i v e  

i n  the p r e s e n t  s t u d y  a n d  c o u l d  e a s i l y  b e  adapte-d f o r  smal l  g r T o u p  

. 9 s t u d y  w i t h  t h e  use o f  m u l t i b l e  h e a d p h o n e s .  I n  a d d i t i o n  i t  c o u l d  

r e a d i l y  be  i n c l u d e d  i n  l e a r n i n g  c e n t r e s .  S l i d e s  of d i f f e r e n t ,  

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

a n d  made a v a i l a b l e  f o r  c h i l d r e n s *  u s e .  a 

If t r a i n i n g  s e s s i o n s  a re  a l s o  d i s t r i b u t e d  (see t h e  f o l l o w -  

- i n g  d i s c u s s i o n  of St-ua]l 1110) t h e n  f u r t h e r  l e a r n i n g  b e n e f i t s  

c o u l d  a ' c c r u e .  Alor ig  t h i s  l i n e  i t  s h o u l d  b e  p o s s i l r l e . t o  d e s i g n  

v -bo le  ' u n i t s  w h i c h  make u s e  o f  . d i s t r i b u t e d  p r a c t i c e  a n d  m o u l d  

i n c l u d e  a n  e x p a n d e d  ser ies  of s p a c e d  r e v i e w s .  An o b v i o u s  g o a l  o f  



f u t u r e  r e s e a r c h  w o u l d  b e  t o  t e s t  t h e  e f f e c t i v e n e s s  of such a, 

' . -_  W i t h  t h e  i n c r e a s i n g  u s e  o f  c o m p u t e r s  as  i n s t r u c t i o n a b  a i d s  . 
( e ~ g . ,  A P P L E  p r o g r a m s )  t h e  p o s s i b i l i t y  o f  u t i l i z i n g  d i s t r i b u t e d  ' 

p r a c t i c e  of d r i l l s  b a s e d  o n  t h e  m e t h o d  u s e d  i n  t h e  p r e s e n t  
. . 

r e s e a r c h  h a s  o b v i o u s  p o t e n t i a l .  

T h e  time i n t e r v a l  a l l o w e d  f o r  p r e s e n t a t i o n ,  t e s t / r e s p o a s e  

a n d  r e - p r e s e n t a t i o n s  i n  b o t h  m a t h  a n d  spelling c o n d i t i o n s  

a p p e a r e d  to b e  o p t i a a l .  0 s e r v a t i o n s  of  students r e a c t i o n s  

d u r i n g  t r a i n i n g  c o n f i r m e d  tha f t h e r e  were v i r t u a l l y  n o  i n s t a n c e s  

w h e r e  t h e  time all~wed was inadequate f o r  a r e s p o n s e .  T h e  time 

a l l o w e d  i n  t h e  o r a l  t e s t  a l s o  a p p e a r e d  t o  be  s n f f i c i e n t .  T h e  

f a c t  t h a t  s u b j e c t s  p e r f o r m e d  be t t e r  o n  t h e  u r i e t e n  test  t h a n  t h e  

o r a l  test map h a v e  b e e n  d u e  t o  o t h e r  factors. F o r  i n s t a n c e  in . 
t h e  m a t h  c o n d i t i o n ,  even t h o u g h  t h e  s t u d e n t s  were i n s t r u c t e d  t o  

r e l y  o n  a e m o r y ,  it' is quite p o s s i b l e  t h a t  t h e y  may h a r e  w o r k e d  

o u t  s o r e  of  t h e  answers when g i v e n  t h e ,  e x t r a  time. O v e r a l l ,  t h e  

time f a c t o r s  i n v o l v e d  i n  p r e s e n t a t i o n  of  mate r ia l s  i n  k h i s  

i m a n n e r  a p p e a r  t o  be  s a t i s f a  To 

I n  this p a r t  of  S t u d y  -111  a n  a t t e m p t  was made t o  i n d u c e  

wit i n - l i s t  d i s t r i b a t i o n  o f  p r a c t i c e  ~ 5 t h  d r i l l  s h e e t s .  T h e  idea C . + 
of u s i n g  a d r i l l  s h e e t - i s  b a s i c a l l y  s o u n d ,  a s  i t  is  t h e  most 



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

i t  is p o s s i b l e  t o  i n c o r p o r a t e  d i s t r i b u t e d  p r a c t i c e  i n  t h i s  t y p e  
'+ 

of  m a t e r i a l  a n d  g i v e  a c lear  d e m o n s t r a t i o n  t h - a t  i t  w o r k s ,  i t  
I 

w o u l d  b e ' &  v e r y  p r a c t i c a l  a p p l i c a t i o n .  Ho 'wever ,  n o  d i f f e r e n c e s  
.. 

b e t w e e n  d i s t r i b u t e d  and massed p r a c t i c e  i n  E x p e r i m e n t  IIIB were 

f o u n d .  

T h e  l a c k  o f  e f fec t  c o u l d  have b e e n  d u e  t o  a n u m b e r  o f  

f a c t o r s  w h i c h  were n o t  u n d e r  e x p e r i m e n t a l  c o n t r o l .  F i r s t ,  i n  t h e  

w h o l e  c lass  s i t u a t i o n  a n d  b e c a u s e  of t h e  n a t u r e  o f  t h e  d r i l l  

s h e e t s ,  t h e r e  mas n o  c o n t r o l  o v e r  w h e t h e r  t h e  s u b j e c t s  a c t u a l l y  

f o l l o w e d  the i n s t r u c t i o n s  t o  d o  t h e  d r i l l  i n  t h e  a p p r o p r i a t e  se- 

q u e n c e .  It may b e  t h a t  when s t u d e n t s  a r e  faced w i t h  a d r i l l  

s h e e t  s i m i l a r  t o  t h o s e  n o r m a l l j  u s e d ,  t h e y  t e n d  t o .  d o  a l l  t h e  
/ 

e a s y  f a c t s  f i r s t  and t h e n  a t t e m p t  t h e  more d i f f i c u l t  items. 

S e c o n d ,  b e c a u s e  t h e  t a r g e t  f a c t s  were p r e s e n t e d  o n  t h e  d r i l l  

s h e e t s ,  i t  i s  q u i t e  p o s s i b l e  t h a t '  t h e  s t u d e n t s  d i d  a l l '  t h e  re- 

p e a t e d  items a t  o n e  time. I f  t h i s  was t h e  case, t h e n  i n  e s s e n c e ,  

b o t h  g r o u p s  r e c e i v e d  m a s s e d  p r a c t i c e ,  w h i c h  u o u l d  a c c o u n t  f o r  
! 

t h e  lack of spacing effec t .  A t h i r d  and  i m p o r t a n t '  u n c o n t r ~ l l e d  
\ 

f ac to r  i n  a s i t u a t i o n  o f  j t h i s  t y p e  i s  w h a t  s t u d e n t s  d o  b e t w e e n  

d r i l l  s e s s i o n s  ( b e t w e e n  d a y s ,  i n  t h e  p r e s e n t  case). For 

i n s t a n c e ,  b e t w e e n  d r i l l s  a n d  p r i o r  t o  t h e  tes t ,  t h e  s t u d e n t s  may 

e n g a g e  i n  f e h e a r s a l  o r  k n d i v f d a a l  s t u d y  w h i c h  would tend t o  

o v e r s h a d o w  or  o b l i t e r a t e  t h e  b e n e f i c i a l  e f f e c t s  of a f i v e  m i n u t e  

d i s t r i b u t e d  p r a c t i c e  d r i l l .  I t  s h o u l d  b e  remembered, i n  t h i s  



r e s p e c t ,  t h a t  p e r f o r m a n c e  was r e l a t i v e l y  g o o d  i n  E x p e r i m e n t  

I I I B .  The c o n t r o l  o f  s t u d e n t s 1  s t u d y  b e h a v i o r  w i l l  p r o b a b l y  

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

p r a c t i c e  when t h e  time i n t e r v a l s  b e t w e e n  d r i l l s  fs i n  t h e  o r d e r  

of 24 h o u r s  or  m o r e .  - 

A r e l a t e d ,  a n d  p r o b a b l y  m a j o r  f a c t o r ,  i s  t h a t  b o t h  t h e  d i s -  

t r i b u t e d  a n d  masse3 p r a c t i c e  g r o u p s  r e c e i v e d  p r a c t i c e  k 
a n d ,  i t  may wed1 be t h a t  t h e  e f f e c t  of d i s t r i b u t i o n  of p r a c t i c e  
- 

w i t h i n  l i s ts  is m i n o r  i n  c o m p a r i s o n  t o  d i s t r i b t i o n  of d r i l l s  - 

- 

w i t h  l o n g e r  i n t e r v a l ,  fee., o v e r  d a y s .  F o r  i n s t a n c e ,  Bloom a n d  

S h u e l l  ( 1 9 8 1 )  f o u n d  t h a t  t h r e e  1 0  a d n u t e  d r i l l s  d i s t r i b u t e d  o v e r  

t h r e e  days p r o d u c e d  s u p e r i o r  r e t e n t i o n  c o a p a r e d  t o  t h r e e  10 

m i n u t e  d r i l l s  -on a s i n g l e  d a y .  T h u s ,  i n  t h e  p r e s e n t  s t u d y  while 

g r o u p s  r e c e i v e d  t h e  d i s t r i b u t e d / m a s s e d - d i f f e r e n c e  m i t h i n  drills, , 

b o t h  g r o u p s  a l s o  r ece ived  d i s t r i b u t e d  p r a c t i c e  o v e r  days,- ( i . e . ,  -- 

2 4  h o u r s  s p a c i n g  i n t e r v a l s  b e t w e e n  d r i l l s ) .  T h i s  f a c t  a l o n e  

c o u l d  h a v e  c o n t r i b u t e d  t o  t h e  e q u i v a l e n c e  i n  r e s u l t s  f o r  b o t h  

g r o u p s .  T h e  f a c t  t h a t  c o n s i d e r a b l e  l e a r n i n g  t o o k  p l a c e  as a re- 

s u l t  of t h i s  t y p e T k  d r i l l  (65% DP, 55% U P  i n  m a t h  g n d  90% LIP 

a n a  DP i n  s p e l l i n g } ,  a n d  very l i t t l e  e v i d e n c e  of  forgetting o n  a 

/ 
I .  

l o n g  term test  of r e t e n t i o n  ( r e c a l l  of  57% DP a n d  59% UP i n  math 
. \* 

a n d  8 7 2  D Y  a n d .  93% HP i n  s p e l l i n g )  lends s a p p o r t  t o  t h e  n o t i o n  * 
& 

; 
t h a t -  b o t h  ' g r o u p s  may h a v e  b e n e f i t t e d  from d i s t r i b u t e d  p r a c t i c e -  

- 

o v e r  d a y s .  



F u r t h e r  r e s e a r c h  n e e d s  t o  b e  c o n d u c t e d  i n  o rde r  t p  

i n v e s t i g a t e  t h i s  p o s s i b i l i t y .  As a f i r s t  s t e p  i t  u o . u l d L  be  

w o r t h w h i l e  t o ,  r e p l i c a t e  t h e  f i n d i n g s  o f  E x p e r i m e n t  TIIA i n  a 

w h o l e  class s i t u a t i o n .  To t h i s  e f f e c t , , w h a t  i s - n e e d e d  is a more 
- .  

t i g h t l y -  c o n t r o l l e d  e x p e r i m e n t  v i t h  b e t t e r  c o n s t r u c t e $  d r i l l  . 
0 

s h e e t s  d e s l q n e d  t o  m i n i m i z e  s u b j e c t  initiates p r a c t i c e  t h a t  

t e n d s  t o  r e d u c e  t h e  d i f f e r e n c e  b e t w e e n  d i s t r i b u t e d  a n d  massed 
Y 

c o n d i t i o n s .  This e x p e r i a e n t  s h o u l d  f i r s t  be  carried o u t  yithts7 

p r a c t i c e  over days, Le . ,  w i t h i n  a s i n g l e  session* After the 
0 

affects  pf d i s t r i b u t e d  p r a c t i c e  i n  t h e  w h o l e  c l a s s  s i t u a t i o n  a n d  

w i t h i n  a s i n g l e  s e s s i o n  h a v e  b e e n  c o h f i r m e d ,  s e s s i o n s  a c r o s s  
- 

d a y s  c o u l d  a l s o  b e  i n s t i t u t e d  - t o  f u r t h e r  i m p r o v e  r e t e n t i o n  'of 

t o - b e - r e m e m b e r e d  ma te r i a l .  
v \ 

P 

T h e  r e s u l t s  of t h e  L a n d a u e r  a n d  Ross (1977)  s t u d y ,  i n  w h i c h  

s i m p l e  i n s t r u c t i o n s  t o  d i s t r i b a t e  p r a c t i c e  R r o v e d  e f f e c t i v e ,  aay 

b e  a d a p t e d  f o r  u s e  i n  t h e  classroom. T h i s  p r o c e d u r e  c o u l d  .be , 

u t i l i z e d  t o  make c h i l d r e n  aware o f  t h e  e f f e c t i v e n e s s  o f  t h e  , 
-. 

s t r a t e g y  a n d  t o  a c t i v e l y  t e a c h  t h e m  t o  u s e  i t  f o r  d r i l l ,  

r e v i e u s ,  etc. 

T h e  i n f o r m a t i o n  g a t h e r e d  i n  Study I1 may a l s o  hare  v a l u e  
- 

f 

f o r  f u t u r e  r e s e a r c h  and  p r a c t i c a l  a p p l i c a t i o h s .  O n e  sequence 

t h a t  was t e s t e d  ( C o n b i t i o n  A )  i n v o l v e d  a n  e x p a n d e d  series of 



d i s t r i b u t e d  p r a c t i c e  i n  w b i c h  t h e  d + t r a c t i o n  i n t e r v a l  was 
* 

0 e 

f i ~ l l e d  w i t h  t e s t  t r i a l s  ~ - f  t b e  p r e v i o u  y p r e s e n t e d  t a r g e t  items 

' r a t h e r  i h a n  n e u t r a l  d i s t r a c t o r s  (i . e . v ,  P l  F2, T112, 
D 

T2F1, ;.... T2P2, etc.). T h u s ,  t h i s  #ries t o o k  h a l f  a s  much time 
I i 

t o  p r e s e n t  t h e  5 f a c t s  a s  i n  e i t h e  t h e  othkr t w 0  c o n d i t i o n s  
B 

used i n  ' t h a t  s t u d l .  ?t will b c a l @ d  t h a t  s u b j e c t s  d i d  n o t  
5& :A 

1 

l e a r n  much u f t e r '  a single p r e s e n  o n  i n  t h e  A C o n d f t i o n .  After 
, f 

t h e  s e c o n d  p r e s e n t a t i o n  i n  t h i s  c o n d d t i o n ,  h o  e v e r ,  t h e r e  u a s  a  IY 1' / 
c o m p a r M e l y  h i g h  l e v e l  ' of r e t e n t i o n  o n  b o t h  an immediateJ. a n d  
__lr 

1 $7  " i 
J 

l o n g  term tests o f  re te  t i o n .  I 

2 
t 

This s u g g e s t s  a p o s s i b l e  u a & o f  using t h i k  t x p e  of series 
/ 

d i n  c o n j u n c t i o n  w i t h  t h e ' e r b a n d e d  s r ies used i n  ~ t u h ~  111. PO-- 
' ' 

i n s t a n c e ,  a s t u d e n t  a t t e m p t i n g  t o  mas'ter 5 new m u l t i p l f c a t i o n  

f a c t s  c o u l d  f i r s t  t r a i n  ber- o f  d i s t r i b u - t e d  s e s s i o n s  i5n 

each of t h e  expanded s p r e s e n t i n g  o n l y  o n e  f a c t  each, 

" t h e n  s w i t c h  t o  t h e  s h 0 r . k  ser ies  c b n  t a i n i n g  the - same 
,a 

five facts b u t  all i n t e r m i x h .  B e n e f i t s  c o u l d  be  e x p e c t e d  with -us s w i t c h ,  from s u c h  f a c t o r s  as t h e  n o v e l t y  effect ,  a s  well as 
F 

d m  p r e s e n t i n g  t h e  ma tq r i a l  i n  a more c h a l l e n g i n g  a d n n e r .  
< 

' F u r t h e r m o r e ,  o n e  f e a t u r e  o f  t h e  m i x e d  s e n s e  i s  t h a t  j i n c e  t h e  

f a c t s  a r e  n o t - r e s e n t a d  i n  an).  a p p a r e n t  o r d e r ,  t h e  effect  of t h e  

s e q u e n c e  is l i - k e l y  t o  better p r e p a r e  t h e  s t u d e n t  f o r  s i t u a t i o n s  

i n  w h i c h  &e f a c t s  are t e s ted  n o n - s e q u e n t i a l l y .  A s  L a n d a u e r  a n d  

B f c r k  ~ 7 8 )  h a r e  p o i n t e d  o u t ,  - t h e  e x p a n d e d  series p f  t e s t  

t r i a l s  i n  t h i s  f o r m  is p r o b a b l y  n o s t  e f f e c t i v e  b e c a u s e  i t  n o t  



o n l r  i n d u c e s  g r e a t e r  e n c o d i n g  e f f o r t  b u t  also more c l o s e l y  

a p p r o x i m a t e s  t h e  f i n a l  t e s t  p e r f o r m a n c e .  The n o r m a l  

i n s t r u c t i o n a l  m e t h o d  u s e d  w i t h  m u l t i p l i c a t i o n  t a b l e s  is t o  i n -  

,traduce t h e m  i n  s e q u e n c e  a n d  t h e n  ' t h r o u g h  t r a i n i n g  a n d  p r a c t i c e ,  

t e a c h  ' t h e  s t u d e n t  t b r e s p o n d  c o r r e c t l y  o n  n o n - s e q u e n t i a l  
b 

t e s t i n g . -  The a b o v e  o u t l i n e d  p r o g r a m  w o u l d  i n c o r p o r a t e  t h e  d i s -  

t r i b u t e d  p r a c t i c e  ef fect  t h r o u q h o u t  t h e  l e a r n i n g  s e q u e n c e  and  

w o u l d  t h e r e i o r e  seem . t o  b e  a n  e f f e c t i v e  a i d  i n  a c h i e v i n g  t h i s  
, L 

goal .  h f u t u r e  e x p e r i m e n t  d e s 2 q e d  t o  tes t  t h e  e f f e c t i v e n e s s  of 
S % 

P s uch-= p r o g r a m  w o u l d  b e  o f  o b v i 9 ~ ~ ' v a l u e .  

A f u r t h e r  r e f i n e m e n t  of t h i s  t y p e  o f  e x p a n d e d  ser ies  ( i . e . ,  

C o n d i t i i o n  A )  ' i s . s u g q e s t e d  b y  the r e s u l t s  o f  S t u d y  IIIA. I n  t h e  

F l a b o r a t o r y  s t u d y  w i t h  c o l l e g e  s t u d e n t s  t h e r e  w a s  a  s i n g l e  

p r e s e n t a t i o n  fol lowed by a n  e x p a n d e d  series o f  test t r i a l s .  O n e  
-'.A 

p r o b l e m  w i t h  t h i s  m e t h o d  u a s  t h a t  i f  a s u b j e c t  f o r g o t  a n  item o n  

a n y - - t e s t  i t  w a s  v e r y  l i k e l y  t h a t  i t  u o u l d  n o t  b e  r e t r i e v e d  o n  

s u b s e q u e n t  tests. W e n g e r  e t  al. (1980)  e x a m i n e d  t h i s  p r o b l e m  a n d  

r e p o r t e d  t h a t  p r e s e n t a t i o n s  a n d  t e s t  t r i a l s  u e r e  e q u i v a l e n t  f o r  

r e c o g n i t i o n  memory p r o v i d e d  t h e  test t r i a l s  were s u c c e s s f u l .  

S i m i l a r i l y ,  L a n d a u a r  a n d  B j o r k  (1978) , i n  o n e  p r t  of t h e i r  
b 

s e c o n d  e x p e r i ; e n t ,  f o u n d  t h a t  r e - p r e s e n t a  t i o n s  were a s  e f f e c t i v e  

as test t r i a l s .  A S  may be  r e c a l l e d ,  t h i s  i d &  was a d a p t e d  f o r  

u s e  i n  S t u d 1  I f X A .  I n  o r d e r  t o  c o u n t e r a c t  a n y  1059 d u e  t o  

u n s u c c e s s f u l  t r i a l s  a b r i e f  r e - p r e s e n t a t i o n  i m ~ e d i a t e l y  a f t e r  

t h o  test t r i a l  was i n c l u d e d  i n  t h a t  s t u d y .  F o l l o w i n g  from* t h i s  
.J 





R e - p r e s e n t a t i o n  o f  f a c t  t h + e e  P3F3 

Test f o u r  of f a c t  o n e  T4F1 

B e - p r e s e n t a t i o n  o f  f a c t  o n e  P5F1 

(And so o n  u n t i l  a l l  f i v e  f a c t s  h a d  been p r e s e n t e d  a n d  tested.) 

As can be s e e n  from t h e  a b o v e  s e q u e n c e ,  s u c . c e s s  i s  b u i l t  i n  
\ 

a t  e v e r y  s t e p .  I f  a c h i l d  makes a n s e r r o r  h e / s h e  g e t s  i m m e d i a t e  

f e e d b a c k  and i s  t h u s  l i k e l y  t o  b e  s u c c e s s f u l  o n  t h e  next test 
-^C 

L " 

t y p e  of  p r o c e d u r e  m i g h t  e l i m i n a t e  a t  l e a s t  some of 

t h e  d i  i c u l t i e s  e n c o u n t e r e d  by s u b j e c t s  w i t h  t h e  C o n d i t i o n  A A 

t r i  Yis 
t y p e  s e d u e n c e  i n  S t u d i e s  I a n d  XI. I t  w o u l d  c e r t a i n 1  J b e  of 

p r a c t i c a l  i n t e r e s t  t o  i n v e s t i g a t e  , t h e  e f f i c a c y  o f  t h i s  t y p e  of 

s e q u e n c e .  

A n o t h e r  i s s u e ,  n o t '  a d d r e s s e d  i n  t h i s  s t u d y ,  b u t  w h i c h  h a s  

soae  b e a r i n g  o n  how c h i l d r e n  l e a r n ,  is t h a t  of motivation. A 

p r o g r a m  of i n c e n t i v e s  o r  r e w a r d s  i n c o r p o r a t e d  w i t h  t h e  i n s t r u c -  

t i o n  a n d  r e l a t ed  t o  t h e  m a s t e r y  of  * s e q u e n c e s  of f a c t s   would^^ 

u n d o u b t e d l y  a d d  a d d i t i o n a l  m o t i v a t i o n  t o - l e a r n .  - 
An i m p o r t a n t  i s s u e  i n  r e l a t i o n  t o  t h e  a c q u i s i t i o n  o f  i n f o r -  

m a t i o n  i n  a s c h o o l  s i t u a t i o n  i s  t h e  a m o u n t  of m a t e r i a l  t h a t  

s h o u l d  b e  i n c l u d e d  i n  a n y  one u n i t  of l e a r n i n g .  T h e  p r e s e n t  

series of s t u d i e s  g e n e r a l l y  i n v o l v e d  a small  n u m b e r  of f a c t s  or 

w o r d s  w h i c h  seemed, i n t u i t i v e l y  % l e a s t ,  t o  form a b a s i c  u n i t .  

H o w e v e r  t h e  w h o l e  v e r s u s  p a r f s  m e t h o d  o f  l e a r n i n g  material h a s  
* .  

n o t  b e e n *  se t t l ed  c o n c l u s i v e l ~  ( t l o r r i s ,  1979). T h e  w h o l e  a e ' t h o d  

(e.q., l e a r n i n g  a l l  t h e  8 times t a b l e s )  may b e n e f i t  b y  c r e a t i n g .  



&= 

a c o n t e x t  f o r  e a c h  pa;t s o  t h a t  n o t  o n l y  i s  t h e  f u l l  m e a n i n g  ' of > 
t h e  w h o l e  o f  t h e  mater ia l  better u n d e r s t o o d  k + t  p e r h a p s  o n e  p a r t  

c a n  p r o m p t  r e c a l l  of  a n o t h e r .  H i g b e e  (1977) '  c l a i m e d  t h a t  

F * # 

c o n t i n u e d  p r a c t i c e  i n v o l v i n g  a l l  t h e  material  i m p r o v e d  
4 

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

On t h e  o t h e r  h a n d  t h e  p o r t s  m e t h o d  may h a v e  a m o t i v a < i W  ef fec t ,  
- 5 
I , , ? *  

o n  t h e  l e a r n e r  s i n c e  ' s e v e r a l  p a r t s  may be mastered Li;'i&e s p a c e  
> 

of  t i n e  t h a t  e i g h t  o n l y  p r o d u c e  r e l a t i v e l y  m i n o r .  i m p r o v e m e n t s  

i 
w i t h  t h e  w h o l e  m e t h o d .  B r e e n  a n d  J u r e k  (1975) p o i n t e d  o u t  t h a t  a 

d i f f i c u l t y  /&h t h e  p a r t s  m e t h o d  is In r e l a t i n g  t h e  m e m o r i z e d  

p a r t s  a n d  o r g a n i z i n g q h e m  i n t o  a w h o l e .  T h i s  is a n  i m p o r t a n t  

i s s u e  i n  r e l a t i o n  t o  how b e s t  t o  g r o u p  W a t e r i a l  t o  b e  l e a r n e d  

i n t o  e f f i c i e n t  u n i t s m H T h e  o p t i m a l  size of t h e  u n i t  may v a r y  d e -  

pending on  t h e  t y p e  o f  m a t e r i a l  i n v o l v e d .  R e s e a r c h  i s  n e e d e d  i n  

order t o  d e t e r m i n e  t h e  most e f f i c i e n t  a p p r o a c h  f o r  t h e  v a r i o u s  

k i n d s  o f  i n f o r m a t i o n  e n c o u n t e r e d  i n  s c h o o l  l e a r n i n g  a n d  t h i s  is 

a n e c e s s a r y  f i r s t  s t e p  before i m p l e m e n t i n g  a p r o g r a m  of s p a c e d  
i 

p r a c t i c e  o f  items a n d / o r  u n i t s .  

I t  is  i m p o r t a n t  f o r  e d u c a t i o n a l  r e s e a r c h  t o  a i d  i n  t h e  "t 

a c q u i s i t i o n  o f  k n o w l e d g e  a n d  s k i l l s  i n  a n  e f f i c i e n t  m a n n e r .  
=. 

T h u s ,  t h e  g o a l  o f  a p p l y i n g  p s y c h o l o g i c a l  p r i n c i p l e s ,  w h i c h  h a v e  

been d e m o n s t r a t e d  to-be e f f e c t i v e  i a  t h e  l a b o r a t o r y ,  t o  

ti practical s i t u a t i o n s  is of o b v i o u s  v a l u e .  While i n  the past 

- t h e r e  h a s  been a t r a d i t i o n  of p s y c h o l o q i s t s  b e i n g  
< involTd ', in 

t h i s  t y p e  of a p p l i e d  r e s e a r c h  (e .g . ,  G a g n e ,  

/\ 



e d u c a t i o n  a n d  p s y c h o l o g y  h a v e ,  o v e r  t h e  y e a r s ,  t e n d e d  t o  become ' 

i s o l a t e d  f'rom e a c h  o t h e r  (Glaser ,  1 9 7 8 ) .  ~ s ~ & , o l o ~ ~  h a s  b e e n  

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

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

+- w i t h o u t  r e f e r e n c e  t o  r e a l i s t i c  e a u c a t i o n a l  g o a l s .  E d u c a t i o n ,  a n d  

e s p e c i a l l y  e d u c a t i o n a l  p s y c h o l o g y ,  has been c o n c e r n e d  w i t h  n o r e  

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

L. d e v e l o p m e n t  a n d  p s y c h o m e t r i c  t e s t i n g ,  a n d  ha'% p a i d  less 

a t t e n t i o n  t o ,  s c i e n t i f i c  a n d  t h e o r e t i c a l  i s s u e s .  Rore r e c e n t l y  

a t t e m p t s  h a v e  b e e n  a a d e  t o  b r i d g e  t h i s  g a p ,  a n d  Glaser (1978)  

e x p r e s s e d  some o p t i a i r m  a b o u t  t h e  t r e n d  toward i n t e g r a t i o n  of / 
e d u c a t i o n  a n d  p s y c h o l o g y ,  e s p e c i a l l y  i n  t h e  f i e l d  of 

* * 
i n s t r u c t i o n a l  p s y c h o l o g y .  I n  r e l a t i o n  t g  t h e  p r e s e n t  s t u d y  i t  is 

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

s t a g e  w h e r e  i t  c a n  p r o v i d e  a n s w e r s  t o  a l l  e d u c a t i o n a l  q u e s t i o n s  

i n v o l v i ' n c j  r e t e n t i o n  of i n f o r m a t i o n .  N e v e r t h e l e s s  t h e r e  is a rea l  

need f o r  t h e  p r a c t i c a l  a - i c a t i o n  t o  e d u c a t i o n  of  t h e  g e n u i n e  
/' 

g a i n s  made i n  l a b o r a t o r y  r e s e a r c h  i n  memo&. I t  may b( t h a t  
I 

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

a t t a i n i n g  i n t e l l e c t u a l  a n d  academic c o a p e t e n c e .  T h e  i s p r & s s i o n  

is o f t e n  g i v e n  t h a t  n e m k r y  p r o f i c i e n c y  is p e r h a p s  a n t i t b e t i c a l  

- t o  scholastic e x c e l l e n c e .  S u c h  m i s c o n c e p t i o n s  n e e d  t o  be 

c l a r i f i e d  i f  meaory research is t o  make a p o s i t i v e  c ~ n t r i b u t ~ o n  

t o  e d u c a t i o n a l  g o a l s .  O n  t h e  o t h e r  h a n d ,  r e s e a r c h e r s  i n  a e m o r y  

a n o t  b e  f u l l y  c o g n i z a n t  of t h e  w a y s  i n  w h i c h  t h e i r  w o r k . c a n  



c o n t r i b u t k .  to. e d u c a t i o n  a n d  

p o s s i b i l i t i e s  of r e l a t i n g  

e d u c a t i o a a l  o b j e c t i v e s . -  T h e  

e m p i r i c a l  s u p p o r t  f o r  t h e  

d e m o n s t r a t e d  l a b o r a t o r y  

i n d e e d ,  may n o t  b e  aware of t h e  
. , 

e x p l i c i t l y  t o  p a r t i c u l a r  

t u d y  h a s  p z o r i d e d  some 

t h a t  a c o r n o n l y  

p h e n o m e n o n ,  t h f  m a r s e d -  
. . 

d i s t r i b u t e d - p r a c t i c e  effect, c a n  b e  u t i l i z e d  a$ a p r a c t i c a l  a n d  . 
7 

e d u c a t i o n a l l y  v a i u a b l e  a i d  i n  a s c h o o l  s e t t i n g  a n d  as s u c h  has 
P 

c o n t r i b u t e d  i n  some d e g r e e  t o w a r d  a n  i n t e b r a t i o n  of p s y c h o l o g y  

a n d  e d u c a t i o n .  



Appendices 

B~eenQix 4 
< + -  

zesaenca ef f g a g  ~ s e a  BE t h e  $ & t u b ~  ted ~ & t i ~  ggmw in 

Study  I. --- 
4 

P r e s e n t a t i o n  of  fact one ( P F 1 )  7 x 1 = 7  

d 
T e s t  one  of f a c t  o n e  (T I  P I )  7 x 1 = ?  

P r e s e n t a t i o n  of f a c t  two ( p F 2 )  7 x 2 = 1 4  

T e s t  o n e  o f  f a c t  two 
, R 

~ r ' e s e n t d t i p n  of f a c t  t h r e e  ( P F 3 )  7 x 3 = 2 1  

3 T e s t  one  of f a c t  t h r e e  

Test two of  f a c t  one  

Test two of  f a c t  three 
b 

P r e s e n t a t i o n  of f a c t  f o u r  

Test one o f  f a c t  f o u r  

Tes t  three o f  f a c t  three 

Test two of  f a c t  four 
r 

T e s t  two of f a c t  &Q 

T e s t  t h r ee  of f a c t  o n 4  

T e s t  three  o f  f a c t  f o u r  

Test f o u r  q i  f a c t  t h r e e  , 

P r e s e n t a t i o a ,  of fqct  f i v e  ( P F 5 )  7 x 5 = 3 5  

* Test one of  f a c t  five ( T I  FS) 7 x 5 = ?  

T e s t  f o u r  of fact one  ( T 4 F l )  7 x 1 = ?  



A .* T e s t  t u o  of  f a c t  f i v e  (T2F5) 7 x 5 = ?  , 

.' 
(T4F4) 0 "  T e s t  f o u r  of f a c t  f o u r  7  x 9 = . ? , ,  w v  

\ 
"(T3F2) C 

T e s t  t h r e e  of f a c t  two 7 x 2 = ?  
It 

,I. 

* * -+- ?-* ,T&t t h r e e  o t  f a c t  'five (T3F5) 7  x . . 5 = , ?  I 

P , T e s t  f i v e  of f a c t  o n e  , (T5F1) 7 r l = ?  
. . i  -/ ,I 

(T5P3) & T e s t  five ok  fact t h r e e  7 r 3 = ? "  
I 

P r e s e n t a t i o n  of f a c t  six (PI F6) 7  x 6 - =  Y.j! . * 

/ ! 
r/ * ' T e s t  o n e  of f a c t  six ( ~ 1 ~ 6 )  ' 7 x 6 -  

A 

'"-q 
Test f o u r  f o  f a c t  f i v e  (TLCFS) = ?  

T e s t  two o f  f a c t  six ( ~ 2 ~ 6 )  
\ - 6 

T e s t  f i v e  of f a c t  f o u r  (TSF4) 7 x U = ?  

T e s t  s i x  of f a c t  one ( T 6 F I )  7 x 1 = ?  
/ , L 

* ' T e s t  t h r e e  of f a c t c  s i x  (T3F6) . 7 x 6 = ?  ? 
L 

P r e s e n t a t i o n  of f a c t  seven ( P F ~ )  7 x- 7 5 49 

* Test one of f a c t  seven 
a . ( T I S T )  FX 7 = ?  

1 
. T e s t  seven of f a c t  one . s ( T 7 P 1 ) ~ 7  r 1 = ?' 

'u 'L 

C - . T e s t  two o f - f ac t  seven - (T2F7) 7  x 7 = : ? *  

'g T e s t  f i v e , o f  f a c t  f i v e  ' (TSFS) 7 x . 5 = ?  
\- a 

(T4 F 6) e T e s t  f o u r  o f , f a c t  s i x  . 7 x 6 = ?  7 
$ T e s t  t h r e e  of f a c t  s e v e n  7 x , ?  = _ ?  Y. ' 

~ e s t *  f o u r  of f a c t  two 

T e s t  e i g h t  of f a c t  o n e  - 

T e s t  five of f a c t  t u o  



f a c t  

fact 

one 

s e v e n  

+ 
nine of 

four of 

Test 

Test 

test  . t e n  of fact one 

~ e s t  s i x  of f a c t  t w o  

Test f i v e  of fact s i x  



I * a  g o i n g  t o  p l a y  some m u l t i p l i c a t i o n  f a c t s  o n  t h e  t a p e  

r e c o r d e r .  I w y t  you  t o  t r y  t o  r e m e m b e r  t h e s e .  

Soae o f  t h e  f a c t s  y o u ' l l  know a l r e a d y  a n d  some w i l l  b e  new 
1$ 

t o  you. I w a n t  y o n  t o  try h a r d  t o  remember t h e s e  n e w  o n e s .  

F i r s t  y o u ' l l  b e  told,the answer, f o r  instance 7 x 2 is 14.  

W h a t  is 7 x 2 ? .  

! r g e t  the a n s w e r ,  or  d o n ' t  have t i m e  t o  finish, 

go on t o  t h e  n e x t  one. A t  t h e  e n d  we'll h a v e  a 

s h o r t  t e s t  t o  see how much y o u  remembered, o.k.? 

1 T o  s t a r t  u i t h  we'll have a practice s e s s i o n  s o  t h a t  you can 

see w h a t  it is l i k e .  



T h e  sgua re  r o o t  of 7325 i s  85.59. 

Yhat is t h e  s q u a r e  r o o t  of 7325? 

Uhat is t h e  s g u a r e  r o o t  of 4? 

Uhat is t h e  s q u a r e  r o o t  of 7325? 

The sgua re  r o o t  of 3566 is  59.88.. 

Uhat  is t h e  s g u a r e  r o o t  of  3586? 

What is'khe s q u a r e  r o o t  of  73251 

Yhat is t h e  s q u a r e  r o o t  of 3586? i 
T h e  squa re  r o d t  of 1956 is 44.235 , 

What is t h e  s g u a r e  r o o t  of 1956? 

What is t h e  s q u a r e  r o o t  of 3586? 

What is the s q u a r e  r o o t  of 1956? 

What is t h e  s q u a r e  r o o t  of 7325? 

What is t h e  s q u a r e  r o o t  of 9? 

Yhat  is  t h e  squa re  r o o t  of 1956? 

Uhat is  t h e  s q u a r e  r o o t  of 3586? 

T h e  squa re  r o o t  of 6847 is 82.75. 

Rhat is the  sqmare r o o t  of 684-73 

Yhat is the square  r o o t  of 16? 

What is t h e . s q o a r e  r o o t  of 6847? 

What is ihe s q u a r e  r o o t  o r  19561. 

Yhat is the s q u a r e  r o o t  i f  ,7325? 



23..Uhat is' t h e  sgua re  r o o t  of 66471 

24. Uhat is t h e  squa re  r o o t  of 25? 

25. Uhat is t h e  s q u a r e  r o o t  of 3586? 

26. The squa re  r o o t  of 1180 is 34.35. 

27.  What is t h e  square r o o t  of 1180? 

28'. Yhat is t h e  squa re  r o o t  of 6847? 

2 9 .  Yhat is t h e  squa re  r o o t  of 11 80? 
t 

30. V h a t  is t h e  squa re  r o o t  of ?956? 
/ 

t h e  squa re  r o o t  of 36? 

t h e  s q u a r e  r o o t  of 1180? 

33. Yhat  is t h e  s q u a r e  r o o t  of 81? 

34. What is t h e  squa re  r o o t  of 497 

f 
35. What i% t h e  squa re  r o o t  of IOO? 

36. Uhat i.; t h e  squa re  ';cot of  64? . 
,, 37. yhat  is t h e  s q a a r e  ' r o o t  of 6847? 

' .  
-What i's t h e  s q u a r e  r o o t  of '  11807 - P 

3% , U h a t  is t h e  squa re  - r o o t  of 25?  

40. aha t  is t h e  s q u a r e  r o o t  of 4? \ 
U l .  Uhat is t h e  squa re  r o o t  of 6 l ?  - 

d 
42.  hat is  t h e  squa re  r o o t  of  491 

" 

; 43, Uhat is t h e  squa re  r o o t  of .9? 

4.4. Yhat is t h e  squa re  r o o t  of 64? 

45.  Phat is t h e  squa re  r o o t  of 36? 

46. Yhat is t h e  squa re  r o o t - o f  16? ' 

47. Yhat i s ,  t h e  square  r o o t  of 1180? 
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There a r e  q u i t e  a number of facts t o  b e  learned so 

d o n ' t  s p e n d  too  aach time on each one,  

Any q u e s t i o n s ? ,  , 

O . K . ,  w e ' l l s , ,  run through a-  prac t i ce  session to  

f a m i l i a r i z e  7 o a i t h  t h e  procedure. b 



You h a v e  b e e n  e x p o s e d  t o  t h r e  e r e n  t s e q d e n c e s  of 

f a c t s  i n  t h i s  memory e x p e r i m e n t .  One  co ' s i s t ed  ,of a number  9 .  
f o  f a c t s  p r e s e n t e d  t o g e t h e r  i n  a n  expandedbrm a n d  i h i c h  

you  were e x p o s e d  t o  twice ( C o n d i t i o n  A ) .  A n o t h e r  one' was 

a s i m i l a r  t o  t h e  a b o v e  b u t  each  f a c t  was p r e s e n t e d  by itself 

a n d  was e x p a n d e d  w i t h  a o r e  famil iar  items b e t w e e n  e a c h  t e s t ,  

t r i a l  o f  t h e  target f a c t  ( c o n d i t i o n  0)  . A t h i r d  c o n d i t i o n  
0 

I 

i n ~ o l v e d  p r e s e n t a t i o - n  o f  s i n g l e  facts b a t  w i t h  successire 

test  t r i a l s .  a f t e r  t h e  i : i t i a l  p r e s e n t a t i o n  f o l l o w e d  b y  a 

number  of a o r e  f ami l i a r  f a c t s  b e f o r e  t h e  f i n a l  test  

( C o n d i t i o n  C) . 

P l e a s e  i n d i c a t e  w h i c h  c o n d i t i o n  f e l t  most c o m f o r t a b l e  and  

e x p l a i n  why. 

Wh4ch c o n d i t i o n  d i d  you f i n d  most d i f f i c u l t  a n d  why. 

I n  w h i c h  c o n d i t i o n  d i d  you f ee l  you  l e a r n e d  m o s t .  

wha t  s t r a t e g y  o r  s t r a t e g i e s  d i d  you  u s e  i n  o r d e r  t o  memorize 

t h e  facts. 



Mould like3 t o  h a r e  h a d ' s o m a , f e e d b a c k  regarding t h e  

accuracy of y o u  responses a n d  how ' d o  y o u  t h i n k  i t  s i g h t  

affect y o u  performance. 

How f -rus trat ing  would you rate the t o t a l  t a sk .  

How do you  feel -about t h e  t o t a l  amount o f  i n f o r m a t i o n  
4 

presented.  % 

Would y o u  have liked t o  have more time to t h i n k  before 



- - 
Stud1 &I, &~&ygis cf Varipmgp gq ggcc& qcores kg&- gbb ---- . 

variance d f  SS 

Group 1 17.12 3 . 2 0  .oa 

Error 3 4  5.34 - - 
C o n d i t i o n  3 

CG 3 

Error 102  

Test 2 

Error 6 8  

CTG 6 

Error 204. 



Order One: 

Order Two: 



s h o w  y o u  some f a c t s  o n  t h e  s c r e e n  a n d  a t  

t h e  same time y o u ' l l  b e  able t o  h e a r  t h e m .  These will b e  

words t h a t  1 uant y o u  t o  remember h o u  t o  s p e l l .  

(These w i l l  b e  m u l t i p l i c a t i o n  f a c t s  t h a t  I w a n t  y o u  t o  

r e m e m b e r ) .  First y o u ' l l  b e  t d l d  how t o  s p e l l  the v o r d ,  f o r  = 

instance ca t  is s p e l l e d  c-a-t and then y o u ' l l  be t e s t e d .  

Spell  c a t .  

( F i r s t  y o u ' l l  b e  g i v e n  t h e  a n s w e r ,  f o r  i n s t a n c e  7 x 2 
RP 

is 14  a n d  t h e n  y o u ' l l  b e  tested o n  t h a t  f ac t .  What is 7 x 

2 1 ) .  

Some y o u ' l l  know a l r e a d y ,  b u t  some w i l l  b e  n e v  t o  ,you 

and I ' d  like y o u  t o  t r  remember these neu o n e s .  

I f  y o u  d o n ' t  know a n s w e r  o r  d o n ' t  h a v e  . t i m e  t o  
- 

f i n i s h ,  d o n ' t  worry - j u s t  g o  on t o  t h e  n e x t  o n e .  L a t e r  o n  

nenll b a v e  a short tes\  t o  see how much y o u  r e m e m b e r e d ,  
7% 

O.K.? 

To begin u i t h  we'll h a v e  a p r a c t i c e  s e s s i o n  so t h a t  you 

can see what  i t ' s  l i k e .  w 



C -- on --- t h e  -- orah ~ n d  ~ ~ L t t e g  &E&sI bI  EL bp SLE% &I &ES&: 

Source of 5 

variance d f  H S  F ' F 

Hain effects - 3ath Oral Test 

Group 1 10.02 15.69 .001' 

Class 1 10.02 15.69 .001 

Lev el 1 2.75 4.30 . 0 5  

Two-way i n t e r a c t i o n s  

GC 1 0.37 0.57 .454 

Three-way i n t e r a c t i o n s  

GCL 1 

' E x p l a i n e d  7. 

Residual 36 

Total 4 3  1 .28  - 
Main effects - nath iur i t t en  Test  

Group 1 15.36 14.99 

Class 1 20.45 19.96 

Lev e l  1 



b Two-way i n t e r a c t i o n s  
. \ 

Three-way i n t e r a c t i o n s  

GCL 1 1.40 1.37 a25 

E x p l a i n e d  7 7 - 2 9  7.11 .001 ' 

R e s i d u a l  36 1 . 0 3  - - 
Tota l  4 3  2 .04  - - 



Source of 
i 

variance  d f  US F 

flaia effects  - S p e l l i n g  O r a l  T e s t  

. Group 1 1.84 4 .24  .05 

C l a s s  

L e v e l  1 \ 6 59 15.12 . O O t  

Two-way interactions 

Three-way interactions 
u 

Explained 7 1 .54 

R e s i d u a l  36 0.43 

T o t a l  43 0 .62 - - 
n a i n  e f fects  - S p e l l i n g  w r i t t e n  T e s t  

I Group 1 1.11 4.1 5 . 05 

Class 1 0.03 0.09 ,773 

Level 1 1.84 6.86 .01 



Two-way interactions 

Three.-way in terac t ions  

GCL 1 0.44 

E x p l a i n e d  7 0 60 

R e s i d u a l  0.27  

,Total 0 . 3 2  
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3 .  s t o p  

40 duck 

6 .  l a n d  

7. well 

8. s o d d e n l y  

9. s u d d e n l y  

1 0 .  . s u d d e n 1  y 

11. s u d d e n l y  



1. suddenly 

2 .  f a t  

4. k i l l  

5 .  st& 

8. bang 

9"; 1 a n_d 

10. w e l l  

11 .suddenly 
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