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ACQUISITION OF ADDITION MATH FACTS

Paula  G. F r a n d s e n ,  Ed.S.

Wes te rn  Michigan U n i v e r s i t y ,  1989

Thi s  s t u d y  s u p p l e m e n te d  e x i s t i n g  math i n s t r u c t i o n  

and d r i l l  and p r a c t i c e  ( f l a s h  c a r d s  and w o r k s h e e t s )  wi th  

co mp u t e r  a s s i s t e d  d r i l l  and p r a c t i c e  (CADP) t o  f a c i l i t a t e  

a d d i t i o n  math f a c t  a t t a i n m e n t  o f  f i r s t  g r a d e  s t u d e n t s .  

The s ix  s t u d e n t s  s e l e c t e d  were  i n t r o d u c e d  t o  (CADP) on an 

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

j e c t s  r e s e a r c h  d e s i g n .  Timed t e s t s  we re  u s e d  t o  s e l e c t  

s u b j e c t s ,  a s  b a s e l i n e  m ea su re s ,  and as  p r o b e s  t h r o u g h o u t  

t h e  s t u d y  t o  mea su re  t h e  s t u d e n t s '  r a t e  c o r r e c t  pe r  min­

u t e  ( t h e  d e p e n d e n t  v a r i a b l e ) .

Al l  s u b j e c t s  showed an i n c r e a s e  in t h e i r  i n d i v i d u a l  

r a t e  c o r r e c t  p e r  m in u t e  a f t e r  t h e  i n t r o d u c t i o n  of  CADP. 

Th i s  r a t e  i n c r e a s e  i s  i m p o r t a n t  when c o n s i d e r i n g  t h e  e d ­

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

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

amount  of  s t u d e n t  engaged  t ime  and t h u s  i n c r e a s e  t h e  r a t e  

o f  s t u d e n t  s u c c e s s .
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CHAPTER I

INTRODUCTION

The impac t  o f  compu te r  t e c h n o l o g y  on s o c i e t y  canno t  

be  i g n o r e d .  " C o m p u te r s  a r e  so p e r v a s i v e  in e v e r y  walk of 

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

a s s o c i a t e d  w i th  t h e i r  u se  w i l l  soon be  a n e c e s s i t y  f o r  

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

s o c i e t y  in which  t h e y  l i v e "  ( Z e l l e r ,  1987/1988,  p.  1). 

Few would d i s p u t e  t h i s  c la im.

Along w i th  t h i s  r e a l i z a t i o n  comes i n c r e a s e d  c o n f i r ­

mat ion  t h a t  a l l  t h e  p o s s i b l e  b e n e f i t s  o f  such  a power fu l  

t o o l  have  n o t  been  e x p l o r e d .  " In  a d d i t i o n  t o  t h e  many 

known u s e s  o f  c o m p u t e r s ,  i t  i s  e s t i m a t e d  t h a t  t h e r e  a r e  

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

d i s c o v e r y "  (K la s se n  & Ande rson ,  1982, p .  26).  Many q u e s ­

t i o n s  l i e  u n a n s w e r e d  as s o c i e t y  s t r i v e s  t o  make e f f i ­

c i e n t ,  i n t e l l i g e n t ,  p r o d u c t i v e ,  and humane  d e c i s i o n s  r e ­

g a r d i n g  compu te r  u s e .  Our e d u c a t i o n a l  sy s t em  has  s t r u g ­

g l ed  wi th  t h e s e  same i s s u e s .  Th ro ugh  a l l  t h e  d e b a t e ,  i t  

h a s  become a p p a r e n t  t o  e d u c a t o r s  t h a t  s c h o o l s  must  no t  

only e d u c a t e  young  p e o p l e . t o  u n d e r s t a n d  c om pu te r  t e c h ­

no logy  (become c om pu te r  l i t e r a t e ) ,  b u t  mus t  a l s o  s e a r c h  

f o r  t h e  most  m e a n i n g f u l  ways t o  become s k i l l e d  in i t s  u se  

( H o f m e i s t e r ,  1984).

1
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As t h e  compu te r  r e v o l u t i o n  p r o g r e s s e d ,  many e du ca ­

t o r s  began  t u r n i n g  t h e i r  p r i m a r y  f o c u s  f rom " t e a c h i n g  

a b o u t  t h e  compute r "  o r  c om pu te r  l i t e r a c y  t o  " t e a c h i n g  

wi th  c o m p u t e r s "  ( A l e s s i  & T r o l l i p ,  1985).  One of  t h e  

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

co m p u t e r  as  a medium f o r  d e l i v e r i n g  i n s t r u c t i o n  stemmed 

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

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

( A t k i n s o n  & Wilson,  1969).  E d u c a t o r s  began  t o  view t h e  

c o m p u t e r  as  an answer  t o  t h e  "most  p r e s s i n g  need  in  e d -  

u c a t i o n - t h e  i n d i v i d u a l i z a t i o n  o f  i n s t r u c t i o n "  (A t k i n so n  & 

Wilson,  1969, p.  3)*

Backg round  I n f o r m a t i o n

The e a r l y  s e a r c h  f o r  p e d a g o g i c a l  e f f i c a c y  of  computer  

u s e  t y p i c a l l y  i n v o lv e d  big c o mp u t e r  s y s t e m s  wi th  s e v e r a l  

t e r m i n a l s  which were  b ou g h t  or  l e a s e d  by t h e  l o c a l  s choo l  

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

s o u r c e .  Due t o  t h e  s i z e  o f  t h e  s y s t e m s ,  t h e  compu te r  

would u s u a l l y  r e s i d e  in one room and t h e  t e r m i n a l s  in a n ­

o t h e r .  S t u d e n t s  would be b r o u g h t  in and s e a t e d  in f r o n t  

o f  an i n d i v i d u a l  t e r m i n a l  ( P e t e r s o n ,  1984).  Th es e  comput ­

e r i z ed  t e a c h i n g  sy s t e m s  were soon d e s c r i b e d  w i th  a "mi ld ­

l y  f o r b i d d i n g ,  t e c h n i c a l - s o u n d i n g  t e rm :  . . . Compute r -

A s s i s t e d - I n s t r u c t i o n .  In acronym form,  t h e  t e rm  became 

h a r d l y  m or e  c o m p e l l i n g :  CAI" ( P e t e r s o n ,  1984, p.  7).
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Soon,  any t ime s p e n t  by s t u d e n t s  on t h e s e  c o m p u t e r s  b e ­

came known by t h e  g e n e r i c  t e rm  (CAI),  w h e t h e r  t h e  s t u ­

d e n t s  were  e n ga g i ng  in d r i l l  and p r a c t i c e ,  p r o g r a m i n g ,  or  

t u t o r i a l  a c t i v i t i e s .

CAI: The Beg in n i ng

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

t h e  c o m p u te r  when i t  f i r s t  began  t o  be  u sed  a s  a t e a c h i n g  

d e v i c e  (Niemiec & Walberg ,  1987).  Time p r o v e d  t h e s e  

l o f t y  e x p e c t a t i o n s  t o  be  u n r e a l i s t i c .  When r e s e a r c h e r s  

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

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

t o  l i v e  up t o  t h e  " l i m i t l e s s  p o t e n t i a l "  f i r s t  e n v i s i o n e d  

by e d u c a t o r s  (Niemiec  & Walberg) .  T h i s  i s  n o t  t o  say 

t h a t  CAI was i n e f f e c t i v e .  I t  on ly  s e r v e s  t o  p o i n t  ou t  

t h e  l i m i t a t i o n s  w i th  t h e s e  old c o m p u t e r i z e d  t e a c h i n g

m ac h i n e s .  As A t k i n so n  and Wilson (1969) s t a t e :  "many

p ro b l em s  remain  t o  be  so l ved ;  t h e  o b v i o u s  p r o b l em s  of

h a r d w a r e  and c o s t s  a s  wel l  as  t h e  d e e p e r  p r o b l em s  of

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

i ng  t h a t  knowledge  in bo th  c u r r i c u l u m  de v e l o p m e n t  and

e v a l u a t i o n "  (p.  3).  In o t h e r  words ,  t h e  s y s t e m s  t hem­

s e l v e s  ( i n  t e r m s  of  c o s t  and t e c h n i c a l  e f f i c i e n c y )  and 

t h e  p r o g r am s  run by t h e s e  sy s t e m s  did  n o t  meet  e d u c a ­

t i o n ' s  demands .
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In  s p i t e  of t h e s e  l i m i t a t i o n s ,  many e d u c a t o r s  and r e ­

s e a r c h e r s  c o n t i n u e d  t o  b e l i e v e  in t h e  m e r i t s  o f  CAI. A 

s y n t h e s i s  o f  t h e  r e s e a r c h  done  d u r i n g  t h e  1960' s  and 

1970' s  i n d i c a t e s  t h a t  t h i s  b e l i e f  was j u s t i f i e d .  The c on ­

s e n s u s  among r e s e a r c h e r s  r ev i e w ed  was t h a t  CAI cou ld  be 

u sed  t o  b o o s t  a ch i ev e me n t  s c o r e s  ( e s p e c i a l l y  f o r  l ow-  

a c h i e v e r s )  i n  a v a r i e t y  of  s u b j e c t  a r e a s  in a s h o r t e n e d  

p e r i o d  of  t ime  wi th  g e n e r a l l y  f a v o r a b l e  s t u d e n t  r e s p o n s e  

( E d w a r d s ,  N o r t o n ,  W e i s s ,  T a y l o r ,  & D u s s e l d o r p ,  1975; 

F e l d h u s e n  & Szabo,  1969; J amison ,  S u p p e s ,  & Wel ls ,  1974; 

Thomas,  1979; V i ns on ha l e r  & Ba s s ,  1972).  Even t h o u g h  

e a r l y  h i g h  e x p e c t a t i o n s  were  n o t  met ,  t h i s  i n i t i a l  r e ­

s e a r c h  showed p r om i s e  f o r  CAI. Enough so ,  t h a t  by t h e  

end of  t h e  1970' s  CAI was b e g i n n i n g  t o  be a wide ly  a c ­

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

p l e m e n t a l  i n s t r u c t i o n  in U.S. p u b l i c  s c h o o l s  (Chamber s  & 

Bork ,  1980).

I t  became c l e a r  t h a t  a l l  t h e  v a r i e d  i n s t r u c t i o n a l  

u se s  of  t h e  compute r  subsumed u n d e r  t h e  b road  c a t e g o r y  of  

CAI had  in common t h e s e  two e l e m e n t s :  ' ' t h e  r e p e t i t i o n  of

s i m i l a r  e x e r c i s e s  and immedia te  r e i n f o r c e m e n t  ( c o g n i t i v e  

and a f f e c t i v e  f e e d b a c k  r e g a r d i n g  p e r f o r m a n c e ) "  (Be cke r ,  

1982, p.  16). Soon t h e s e  common c h a r a c t e r i s t i c s  s h a r e d  

by a l l  CAI p r o g r am s  became b e n c h m a r k s  f o r  u s i n g  t h e  com­

p u t e r  as  a medium f o r  d e l i v e r i n g  i n s t r u c t i o n .  As Becker  

(1982) s t a t e s ,  " p r o g r am s  t o  d r i l l  s t u d e n t s  o r  t o  examine

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



s t u d e n t  r e s p o n s e s  and p r o v i d e  a p p r o p r i a t e  f e e d b a c k  a r e  

t h e  most  e a s i l y  c on ce i ve d  a p p l i c a t i o n s  o f  c o m p u t e r s  f o r  

t h e  c l a s s ro om "  (p.  16).

Compute r  A s s i s t e d  D r i l l  and P r a c t i c e :
Theory  and A p p l i c a t i o n

Such a p p l i c a t i o n s ,  in  t u r n ,  l ed  t o  t h e  r a p i d  d e v e l ­

opment  o f  d r i l l  and p r a c t i c e  CAI s o f t w a r e  p r o g r a m s .  Re­

s e a r c h e r s  and e d u c a t o r s  a l i k e  began  t o  n a r r o w  t h e i r  ex ­

p e c t a t i o n s  of CAI and f o c u s  on s p e c i f i c  u s e  o f  t h e  comput ­

e r  f o r  p r o v i d i n g  d r i l l  and p r a c t i c e  a s  a complement  t o  

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

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

t i v e ,  s e v e r a l  s t u d i e s  we re  c o n d u c t e d  which  examined 

wh e th e r  c o m p u t e r - b a s e d  d r i l l  and p r a c t i c e  p r o g r a m s ,  which 

p r e - d a t e d  m i c r o c o m p u t e r s  in t h e  c l a s s r o o m ,  cou ld  p r o d u c e  

i n c r e a s e d  s t u d e n t  a ch i e ve m e n t .

V i n s o n h a l e r  and Bass  (1972) r e v i e w e d  30 c o n t r o l l e d  

s t u d i e s  which  s u p p l e m e n te d  t r a d i t i o n a l  l a n g u a g e  a r t s  and 

m a t h e m a t i c s  p r o g r a m s  wi th  CAI d r i l l  and p r a c t i c e  f o r  

e l e m e n t a r y  s t u d e n t s .  They came t o  t h e  c o n c l u s i o n  t h a t  

" t h e r e  seems t o  be  r a t h e r  s t r o n g  e v i d e n c e  f o r  t h e  e f f e c ­

t i v e n e s s  of  CAI [ a u gm e n t a t i o n  of] t r a d i t i o n a l  i n s t r u c t i o n  

where  e f f e c t i v e n e s s  i s  measured  by s t a n d a r d i z e d  a c h i e v e ­

ment  t e s t s "  ( V i n s o n h a l e r  and Bass ,  1972, p.  29).  Al l  t h e  

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

d e s i g n  where  t h e  e x p e r i m e n t a l  g roup  r e c e i v e d  t r a d i t i o n a l
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i n s t r u c t i o n  su p p l e m e n te d  by CAI d r i l l  and p r a c t i c e  f o r  

f i v e  t o  15 m in u t e s  p e r  day .  The c o n t r o l  g r o u p s  r e c e i v e d  

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

J amison ,  S u pp e s ,  and Wells  (1974) f ound  t h a t  t h e  u se  

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

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

s t a r t e d  below g r a d e  l e v e l .  They co n c l u d ed  t h a t  CAI i s

" a p p a r e n t l y  e f f e c t i v e  as  a su p p l e m e n t  t o  r e g u l a r  i n ­

s t r u c t i o n " ,  even t h o u g h  i t  may no t  n e c e s s a r i l y  be  more 

c o s t - e f f i c i e n t .

A s t u d y  of  t h e  d r i l l  and p r a c t i c e  c u r r i c u l u m  u t i ­

l i z e d  in t h e  Los Ang e l e s  s c h o o l s  c o n d u c t e d  by Rag os t a ,  

Hol land ,  and Jamison  (1974) f o und  t h a t  CAI had  a more

p o s i t i v e  i m p a c t  on m a t h e m a t i c s  a c h i e v e m e n t  t h a n  on 

l a n g u a g e  a r t s  and r e a d i n g  a c h i e v e m e n t .  B e c k e r  (1982) 

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

r e s u l t s  g e n e r a l l y  f o un d  in  t h e  l i t e r a t u r e .  As Melmed 

(1980) p o i n t s  o u t ,  i t  a p p e a r s  t h a t  CAI d r i l l  and p r a c t i c e  

more  c l o s e l y  s i m u l a t e s  t r a d i t i o n a l  p r a c t i c e  o f  math 

( f l a s h c a r d s ,  w o r k s h e e t s )  t h a n  p r a c t i c e  f o r  r e a d i n g  and 

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

Mevarech and Rich (1985) p r o p o s e  t h a t  " t h e  most  

b a s i c  u s a g e  of  c o m p u t e r s  in ma themat ic  i n s t r u c t i o n  i s  in 

t h e  a r e a  of  d r i l l  and p r a c t i c e  t o  t h e  r e g u l a r  c u r r i c u l u m "  

(p.  6.) .  T he r e  i s  an e m p i r i c a l  b a s i s  f o r  t h e  l o g i c a l

p r o g r e s s i o n  of  u s i n g  c o m p u t e r s  f o r  d r i l l  and p r a c t i c e  t o
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u s i n g  c om pu t e r  d r i l l  and p r a c t i c e  p r o g r a m s  t o  su pp l e m e n t  

t r a d i t i o n a l  math i n s t r u c t i o n .  Math i s  a s u b j e c t  t h a t  

r e q u i r e s  r e p e a t e d  p r a c t i c e  and memor i za t i on  of  i s o l a t e d  

f a c t s .  In t u r n ,  t h e  u s e  of  compu te r  a s s i s t e d  d r i l l  and 

p r a c t i c e  (CADP) p r o g r a m s  seems t o  hold  s e v e r a l  a d v a n t a g e s  

o ve r  u s i n g  more t r a d i t i o n a l  f o rms  o f  d r i l l ;  i . e . ,  wo rk ­

books ,  d i t t o  s h e e t s ,  and f l a s h c a r d s .  " T h e i r  i n t e r a c t i v e  

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

f o r m a t s  make them more e n j o y a b l e  e x p e r i e n c e s .  S t u d e n t  

f e e d b a c k  i s  d i r e c t  and immed ia te . "  ( B e c k e r ,  1982, p.  

17).

Mi c ro co m p u t e r s  E n t e r  t h e  Clas sroom

The e n d l e s s  p o s s i b i l i t i e s  p romi sed  by t h e  e a r l y  com­

p u t e r s  were  s t ym ied  by d r a w b a c k s  l i k e  t e c h n i c a l  p rob l ems ,  

p r o h i b i t i v e  c o s t ,  and po o r l y  d e v e l o p e d  c o m pu te r  s o f t w a r e .  

In s p i t e  o f  t h e s e  p ro b l em s ,  many e d u c a t o r s  s t i l l  c o n t i n ­

ued t o  ho ld  ou t  hop e  f o r  t h e  u t i l i t y  o f  CAI. With t h e  

a d v e n t  of  t h e  mic ro co m p u t e r  r e v o l u t i o n  in t h e  mid 1970' s  

a d v o c a t e s  o f  CAI we re  g iven  c a u s e  f o r  r enewed  hope .  Ad­

va n c e s  in t e c h n o l o g y  and m a n u f a c t u r i n g  l owered  c o s t s  so 

t h a t  by t h e  1980' s  CAI became r e a d i l y  a v a i l a b l e  in many 

s c h o o l  d i s t r i c t s  (Niemiec & Walberg ,  1987).

S o f t w a r e  p r og ram s  were  soon r a p i d l y  d e v e l o p e d  t o  meet  

t h e  g rowing  demand.  These  s o f t w a r e  p r o g r am s  began  t o  r e ­

c e i v e  t h e i r  s h a r e  o f  c r i t i c i s m .  "Two d e f e c t s  a p p e a r  t o
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p r ed om in a t e  in c u r r e n t  m ic rocompu te r  s o f t w a r e "  (Becke r ,  

1982, p. 21).  The f i r s t  major  d e f e c t  i s  t h a t  much of  t h e  

e d u c a t i o n a l  s o f t w a r e  i s  poo r ly  w r i t t e n  ( B e c k e r ,  1982; 

Hofmei s t e r ,  1984) .  D r i l l  and p r a c t i c e  p r o g r a m s  a r e  e s p e ­

c i a l l y  ap t  t o  f a l l  i n t o  t h i s  c a t e g o r y  b e c a u s e  " b e g i n n i n g  

CAI s o f t w a r e  p r o g r a m m e r s  c u t  t h e i r  t e e t h  on d r i l l - a n d -  

p r a c t i c e  p r o g r a m s  b e c a u s e  t h e y  a r e  s h o r t  and o f t e n  do no t  

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

(Hofme i s t e r ,  1984,  p.  4 - 2 ) .  The s econd  major  d e f e c t  of  

most  m ic r o c o m p u t e r  s o f t w a r e  i s  t h a t  many p r o g r a m s  a r e  

bo r i n g  and r e p e t i t i o u s  which may l e a d  t o  l a c k  of  s t u d e n t  

i n t e r e s t  and t h e r e f o r e  d i s c i p l i n e  p ro b l em s  ( B e c k e r ,  1982; 

Hofmei s t e r ,  1984).

"The q u e s t i o n  i s  wh e t he r  i t  i s  p o s s i b l e  t o  c r e a t e  

e f f e c t i v e  d r i l l  a c t i v i t i e s  which minimize  boredom and a r e  

as  en gag in g  a s  t h e  p l ay  a c t i v i t i e s  t h a t  t h e  c h i l d r e n  

enjoy"  (B e c k e r ,  1982, p.  23).  Malone (1980) s u g g e s t s ,  

upon e x t e n s i v e  a n a l y s i s  o f  computer  games ,  t h a t  c h i l d r e n  

can be i n t r i n s i c a l l y  m o t iv a t e d  by games t h a t  maximize 

bo th  l e a r n i n g  and  e n j o ym en t .  Accord ing  t o  Z e l l e r  (1987/  

1988), t h e  i n t e r a c t i v i t y  of  a s o f t w a r e  p r og r am  i s  an 

i m p o r t a n t  q u a l i t y  t o  examine  when c h oo s i ng  s o f t w a r e .

I t  i s  a p p a r e n t  t h a t  many r e s e a r c h e r s  a g r e e  as  t o  t h e  

p o s s i b l e  b e n e f i t s  o f  u s i n g  m ic r o co m p u t e r s  f o r  d r i l l  and 

p r a c t i c e  f o r  b a s i c  math s k i l l s  in t h e  c l a s s r o o m  (Becke r ,  

1982; F i s h e r  & L i p s o n ,  1984; Hof me i s t e r ,  1984).  They a l l
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c a u t i o n ;  however ,  t h a t  wh i l e  d r i l l  and p r a c t i c e  p r og ra m s  

ha v e  an i m p o r t a n t  p l a c e  in t h e  c l a s s ro o m ,  t h e  e f f e c t i v e ­

n e s s  of  s o f t w a r e  p r o g r am s  must  be  c l o s e l y  examined .  I t  

i s  i m p o r t a n t  t o  cho se  s o f t w a r e  p ro g r am s  which s u c c e s s ­

f u l l y  combine l e a r n i n g  of  b a s i c  f a c t s  wi th  h i g h l y  i n t e r ­

a c t i v e  p l ay  a c t i v i t y .

In a d d i t i o n  t o  s o f t w a r e  c o n s i d e r a t i o n s ,  i t  i s  i m po r ­

t a n t  t o  look a t  c e r t a i n  c r i t e r i a  b e f o r e  u s i ng  t h e  com­

p u t e r  f o r  d r i l l  a n d  p r a c t i c e  a c t i v i t i e s .  Ho fm e i s t e r  

(1984) s t a t e s  t h a t  CADP a c t i v i t i e s  a r e  most  a p p r o p r i a t e l y  

u s e d :

(a) f o r  s u b j e c t  m a t t e r  t h a t  n e e d s  t o  be  we l l  
m as t e r ed  t o  f a c i l i t a t e  t h e  e f f e c t i v e  p e r f o r m ­
a n c e  o f  h i g h e r - l e v e l  s k i l l s ;  (b) a f t e r  t h e  
c o n c e p t s  r e l a t e d  t o  t h e  s k i l l  h av e  been t a u g h t ;  
and (c) j u s t  p r i o r  t o  t h e  a p p l i c a t i o n  of  t h e s e  
s k i l l s  t o  h i g h e r - l e v e l  s k i l l s  in t h e  c u r r i c u l u m  
h i e r a r c h y ,  (p.  4 -2 ) .

C u r r e n t  CADP I m p l i c a t i o n s

R esea r ch  p r i o r  t o  m ic r o co m p u t e r  u s e  seems t o  demon­

s t r a t e  t h a t  CADP can l e a d  t o  i n c r e a s e d  s t u d e n t  a c h i e v e ­

ment  in compar i son  t o  p r i o r  y e a r s  o r  t o  c o n t r o l  g r o u p  

t r e a t m e n t s .  Few s t u d i e s  h a v e  been  done  t o  d e t e r m i n e  

w h e t h e r  t h e  m ic r o c o m p u t e r s  p r e s e n t l y  u sed  in many c l a s s ­

rooms a r e  e f f e c t i v e .  As Becke r  (1982) s t a t e s :  " r e s e a r c h

s h o u l d  be co nduc t ed  t o  d e t e r m i n e  w h e t h e r  most  of  t h e  more 

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

m ic r o c o m p u t e r s  t h e  s c h o o l s  a r e  now b u y i n g  a r e  as  e d u c a -
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t i o n a l l y  e f f e c t i v e  u n d e r  more t y p i c a l  c o n d i t i o n s  o f  u se  

a s  were t h e  p i o n e e r  CAI p r o g r a m s 1' (pp .  20-21) .  In a d d i ­

t i o n ,  many o f  t h e s e  p i o n e e r  s t u d i e s  made no compar i son

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

(V in so n ha l e r  & Bas s ,  1972).

In an a t t e m p t  t o  an swer  some of  t h e s e  r e s e a r c h  

q u e s t i o n s ,  W a t k i n s  (1986)  u t i l i z e d  t h e  Math Machine

s o f t w a r e  p rog ram t o  compare  CADP t o  t r a d i t i o n a l  d r i l l  and 

p r a c t i c e  wi th  f i r s t  g r a d e  s t u d e n t s  e x p e r i e n c i n g  no a c a ­

demic d i f f i c u l t i e s .  The Math Machine  p rogram i s  s e t  up 

such  t h a t  math p r o b l em s  a r e  p r e s e n t e d  t o  s t u d e n t s  on a 

s c r e e n  and t h e  s t u d e n t s  a r e  a l l owed as  much t ime  as n e e d ­

ed t o  s o lv e  each  p r e s e n t e d  p r ob l em .  The Math Machine

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

in t h e  form o f  one  m i n u t e ' s  p l ay  o f  a v i de o  a r c a d e  game.  

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

i n s t r u c t i o n  b u t  on ly  CADP wh i l e  in s c h o o l .  The c o n t r o l  

g roup  r e c e i v e d  on ly  t r a d i t i o n a l  d r i l l  and p r a c t i c e  ( f l a s h  

c a r d s ,  d r i l l  s h e e t s ,  work books ,  and o r a l  r e c i t a t i o n )  

wh i l e  in s choo l .  Wa t k in s '  s t u d y ,  which  u sed  a p r e t e s t / -  

p o s t t e s t  d e s i g n ,  f ound  t h a t  t h e  s t u d e n t s  i n v o lv e d  in t h e  

s t u d y  r e c e i v i n g  CADP o b t a i n e d  h i g h e r  a ch i ev e me n t  s c o r e s  

on t h e  Iowa T e s t  o f  Bas ic  S k i l l s  t h a n  did  t h e  c o n t r o l  

g roup .

All  p r e v i o u s  r e s e a r c h  t h u s  r e v i e w e d  h a s  s t u d i e d  t h e  

e f f e c t i v e n e s s  of  CADP in  t e rm s  of  s t u d e n t  a ch i e ve m e n t  as
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measu red  by s t a n d a r d i z e d  a c h i e v e m e n t  t e s t s .  Even t h oug h  

v a r i o u s  r e s e a r c h e r s  hav e  p r o p o s e d  t h a t  CAI s t u d e n t s  ga in  

m as t e r y  s t a t u s  in a s h o r t e n e d  p e r i o d  of  t ime  ( F e l d h u s e n  & 

S z a b o ,  1969;  J a m i s o n ,  Sup pe s ,  & Wel l s ,  1971; Thomas;  

1 979) and t h a t  CADP may make more e f f i c i e n t  u se  of  

i n s t r u c t i o n a l  t im e  ( O r l a ns k y ,  1983) mos t  CADP s t u d i e s  

h a v e  no t  u s e d  t im e  as  a d e p e n d e n t  v a r i a b l e  ( B r i g h t ,  

1983).

Th is  r e s e a r c h e r  i s  in a g r e e m e n t  w i th  B r i g h t  (1983) 

t h a t  " p r e v i o u s  r e s e a r c h  t h a t  seems t o  h a v e  i n c r e a s e d  t h e  

a c a d e m i c  l e a r n i n g  t ime  [ eng ag ed  t ime ]  seems t o  have  

acc om pl i sh e d  t h i s  g o a l  more o r  l e s s  by a c c i d e n t "  (p.  

150).  A p u r p o s e f u l  look a t  t h e  u t i l i t y  o f  CADP as  a 

t e c h n i q u e  t o  i n c r e a s e  t h e  amount  o f  en g ag e d  t ime  o r  t h e  

r a t e  of  s u c c e s s  ( B r i g h t ,  1983) i s  t h e  aim o f  t h i s  p a r t i c ­

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

be tween CADP and math f a c t  a t t a i n m e n t  w i l l  be  examined by 

m ea su r i n g  t h e  r a t e  c o r r e c t  of  f i r s t  g r a d e  s t u d e n t s  (who 

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

f a c t s )  p r i o r  t o  and t h r o u g h o u t  t h e  i n t r o d u c t i o n  of  CADP.

Many s t u d e n t s  deve lop  a d e p e n d e n c e  on m a n i p u l a t i v e s  

( s l a s h  marks ,  c o u n t i n g  wi th  t h e i r  f i n g e r s )  wh i l e  a t t e m p t ­

i ng  t o  l e a r n  b a s i c  a d d i t i o n  f a c t s .  Such  s t u d e n t s  n e v e r  

a c h i e v e  f l u e n c y  in t h e i r  u s e  o f  t h e s e  f a c t s .  They have  

no f i rm f o u n d a t i o n  upon which t o  b u i l d .  As Hofme is t e r  

(1984) s t a t e s ,  " i t  s hou ld  be r emembered  t h a t  t o  f u n c t i o n
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a t  h i g h e r  c o g n i t i v e  l e v e l s ,  c e r t a i n  p r e l i m i n a r y  s k i l l s  

have t o  be a u t o m a t i c .  Long d i v i s i o n  c a n n o t  be  done  q u i c k ­

ly  or  a c c u r a t e l y  i f  t h e  s u b s k i l l  o f  s u b t r a c t i o n  i s  no t  

m a s t e r e d "  (p.  4 -2 ) .

S t u d e n t s '  w i t h o u t  a so l i d  knowledge  o f  b a s i c  math 

f a c t s  may beg in  t o  l o s e  c o n f i d e n c e  in t h e i r  m a t h e m a t i c a l  

a b i l i t i e s .  When f a c e d  wi th  more c o mp l i ca t ed  m a t h e m a t i c a l  

c o n c e p t s  t h e s e  s t u d e n t s  may e x h i b i t  s k i l l  d e f i c i t s  and 

end up be ing  r e f e r r e d  f o r  a s p e c i a l  e d u c a t i o n  e v a l u a t i o n .  

S p e c i a l  e d u c a t i o n  i s  a v e ry  e x p e n s i v e  p r o c e s s  which  o f t e n  

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

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

o p t i o n  in t h e  r e g u l a r  e d u c a t i o n  c l a s s ro om  f o r  r e m e d i a t i o n  

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

b a s i c  math f a c t s .
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CHAPTER I I

METHOD

P a r t i c i p a n t s

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

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

c l a s s ro om .  The e n t i r e  c l a s s  had been  r e c e i v i n g  c o n s i s ­

t e n t  d r i l l  and p r a c t i c e  on b a s i c  a d d i t i o n  sums f o r  ove r  

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

S e v e r a l  s t u d e n t s  in  t h i s  c l a s s room  were  i d e n t i f i e d  by t h e  

t e a c h e r  as  h a v i n g  d i f f i c u l t y  s o l v i n g  even b a s i c  sums (0 -  

10). The s t u d e n t s  we re  e x p e c t e d  t o  m a s t e r  t h e  sums 0 -18  

by t h e  end of  t h e  s c h o o l  y e a r .  Th i s  e x p e c t a t i o n  was u sed  

a s  t h e  c r i t e r i o n  f o r  t h e  s e l e c t i o n  o f  t imed  t e s t s  c o n s i s ­

t i n g  of  100 a d d i t i o n  p r o b l e m s ,  t e s t i n g  t h e  sums 0 -18 ,  g i v ­

en t o  t h e  e n t i r e  f i r s t  g r a d e  c l a s s  on two s e p a r a t e  oc c a ­

s i o n s .  I t  was f e l t  t h a t  such  c r i t e r i o n  would he lp  p r e ­

v e n t  c e i l i n g  and m a t u r a t i o n  e f f e c t s .

On t h e  b a s i s  o f  t h e i r  p e r f o r m a n c e  on t h e s e  t imed  

t e s t s  and t e a c h e r  r e p o r t ,  s ix  s u b j e c t s  were  s e l e c t e d  t o  

p a r t i c i p a t e  in t h i s  s t u d y .  Those  s e l e c t e d  compr i s ed  a 

mixed e t h n i c  g r o u p  of  s t u d e n t s ,  p r i m a r i l y  due  t o  t h e  

mixed e t h n i c  p o p u l a t i o n  in t h i s  s c h o o l  d i s t r i c t .  I t  a l s o  

t u r n e d  ou t  t h a t ,  d u e  t o  t h e i r  p e r f o r m a n c e  in c l a s s  and on

13
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t h e  t e s t s ,  t h r e e  f e m a le s  and t h r e e  males  were s e l e c t e d  t o  

p a r t i c i p a t e  in t h i s  s t u d y .

A p p a r a t u s / M a t e r i a l s

Th i s  s t u d y  u t i l i z e d  an Apple  l i e  Computer  and a s o f t ­

wa re  package  e n t i t l e d  Math B l a s t e r  by Davidson & Asso­

c i a t e s ,  I n c .  (1986).  T h i s  p rog ram o f f e r s  d r i l l  and p r a c ­

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

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

game p l a y i n g  fo r m a t .  In  a s t u d y  by Z e l l e r  (1987/1988)  

which examined t h e  i n t e r a c t i v e  c a p a b i l i t i e s  o f  compu te r

s o f t w a r e  p rog rams  95 r e s p o n d e n t s  were  a sked  t o  i d e n t i f y  

h ig h  and low i n t e r a c t i o n  p r o g r a m s .  Math B l a s t e r  was

r a t e d  by t h e s e  r e s p o n d e n t s  as  one o f  t h e  t op  f i v e  h igh

i n t e r a c t i v e  p r og rams .

Math B l a s t e r  o f f e r s  p l a y e r s  t h e  o p t i o n  of  choo s in g  

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

m u l t i p l i c a t i o n ,  o r  d i v i s i o n  f a c t s .  Ano th e r  o p t i o n  o f ­

f e r e d  i s  t h e  l e v e l  o f  d i f f i c u l t y .  Th i s  l e v e l  o f  d i f ­

f i c u l t y  i n v o l v e s  t h e  sp e ed  in which t h e  p rob l ems  a r e  p r e ­

s e n t e d  and t h e  p l a y e r ' s  a l l o w a b l e  r e s p o n s e  t ime  t o  t h e  

p r e s e n t e d  problem.  T h o u g h o u t  t h i s  e n t i r e  s t u d y  t h e  s t u ­

d e n t s  worked e x c l u s i v e l y  on a d d i t i o n  f a c t s  and t h e  l e v e l

o f  d i f f i c u l t y  was k e p t  c o n s t a n t  a t  Leve l  1. At t h i s

l e v e l  s t u d e n t s  were  a l l owed  s even  s e c o n d s  t o  r e s p o n d  from 

t h e  p r e s e n t a t i o n  o f  t h e  p rob l em to  t h e  p r e s e n t a t i o n  of  

t h e  n e x t  problem.
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The t imed t e s t s  u sed  in t h i s  s t u d y  were  s e l e c t e d  

f rom one of  f i v e  p o s s i b l e  t e s t s .  Each v e r s i o n  of  t h e

t e s t  t e s t s  t h e  sums 0 - 1 8 ,  b u t  t h e y  a r e  p r e s e n t e d  in a 

d i f f e r e n t  o r d e r  in e ach  t e s t  ( s e e  Appendix A). In o r d e r  

t o  r e d u c e  p r a c t i c e  e f f e c t s  and e x p e r i m e n t e r  b i a s  t h e  

f o l l o w i n g  p r o c e d u r e  was u sed  t o  s e l e c t  t h e  o r d e r  of  

p r e s e n t a t i o n  of  t h e  t imed  t e s t s .  A s l i p  o f  p a p e r  wi th  

t h e  number s  8, 9, 10, 11, and  12 was p u t  i n t o  a h a t .  An 

i m p a r t i a l  s e l e c t o r  p i c k e d  a s l i p  o u t  o f  a h a t  and t h e

number  w r i t t e n  on t h e  s l i p  was r e c o r d e d .  The s l i p  was

r e t u r n e d  t o  t h e  h a t  and a n o t h e r  draw made.  I f  t h e  same 

t e s t  was s e l e c t e d  t w i c e  in a row, t h e n  a n o t h e r  s l i p  was 

d r awn .  For  example ,  i f  t e s t  #9 was s e l e c t e d  t h e  f i r s t  

t ime  and t hen  #11, and  t h e n  #11 a g a i n ,  a n o t h e r  t e s t  was 

s e l e c t e d .  As l ong  a s  a t e s t  w a sn ' t  s e l e c t e d  t w i ce  in  a 

row t h e n  i t  was r e c o r d e d .  Each t e s t  c o n s i s t s  o f  100

p r ob l e m s  wi th an a l l o w a b l e  r e s p o n s e  t ime  o f  f i v e  minu t e s  

p e r  t e s t .

D e p e n d e n t  V a r i a b l e

These  t imed t e s t s  were  used  t o  s e l e c t  s u b j e c t s ,  a s  

b a s e l i n e  measu re s ,  and a s  p r o b e s  t h r o u g h o u t  t h e  s t u d y  t o  

m e a s u r e  t h e  s t u d e n t s '  r a t e  c o r r e c t  ( t h e  d e p e n d e n t  

v a r i a b l e ) .  The d e p e n d e n t  v a r i a b l e  o f  r a t e  was measured  

p e r  m inut e .  T h e r e f o r e  t h e  s t u d e n t s '  s c o r e  on each t e s t  

was d i v id e d  by f i v e  t o  f i n d  t h e  r a t e  c o r r e c t  p e r  minut e .
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P r o c e d u r e

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

was u se d .  With t h i s  d e s i g n ,  a s t a b l e  b a s e l i n e  measure  

was ach i eve d  f o r  e ach  s u b j e c t  on an i n d i v i d u a l  b a s i s  

b e f o r e  CADP was i n t r o d u c e d  t o  t h a t  s u b j e c t .  Computer  

a s s i s t e d  d r i l l  a n d  p r a c t i c e  (Math B l a s t e r )  was s u b ­

s e q u e n t l y  i n t r o d u c e d  t o  one  s t u d e n t  a t  a t ime  when i t  was 

de t e r m i n e d  by t h e  r e s e a r c h e r  t h a t  t h e i r  b a s e l i n e  measu re  

a p p e a re d  s t a b l e .  Dur ing  t h e  e n t i r e  s t u d y  t h e  s t u d e n t s  

c o n t i n u e d  t o  r e c e i v e  t h e i r  e x i s t i n g  math  i n s t r u c t i o n  and 

t r a d i t i o n a l  d r i l l  and p r a c t i c e .

The s t u d e n t s  s e l e c t e d  were  s c h e d u l e d  t o  p l ay  t h e  

game a minimum o f  two t i m e s  a week f o r  10 minu t e s  each  

s e s s i o n .  A t i m e r  was s e t  when t h e y  b e g an  t o  p lay  and i f  

t h e  t im e r  went  o f f  a t  t h e  end of  10 m i n u t e s  d u r i n g  a game 

t h e y  were  a l lowed t o  f i n i s h  t h a t  game.

The t imed t e s t  was g i ve n  an a v e r a g e  o f  t w i ce  a week 

t o  a l l  s ix  s u b j e c t s  s e l e c t e d .  The s t u d e n t s  were a s sem­

b l ed  t o g e t h e r  a t  a r oun d  t a b l e  away f rom t h e  c l a s s  and 

g iven  a v e r s i o n  o f  t h e  t imed t e s t .  A t i m e p i e c e  wi th  

d i g i t a l  r e a d - o u t  was u s e d  by t h e  r e s e a r c h e r  t o  t ime  t h e  

s t u d e n t s .

Al l  s u b j e c t s  who p a r t i c i p a t e d  in t h i s  s t u d y  were  d e ­

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

g i n n i n g  compu te r  l i t e r a c y .  Each s t u d e n t  had t h e  n e c e s ­

s a r y  l e t t e r  and number  r e c o g n i t i o n  s k i l l s  needed  t o  o p e r ­
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a t e  t h e  c o r r e c t  ke ys  on t h e  k e y b o a r d  t o  p lay  t h e  computer  

game.  In a d d i t i o n ,  a l l  s u b j e c t s  u n d e r s t o o d  t h e  d i r e c ­

t i o n a l  c o n c e p t s  o f  l e f t  and r i g h t  ne ede d  t o  o p e r a t e  t h e  

r i g h t  and l e f t  c u r s o r  k e y s .

I n t e r v e n t i o n  was s a id  t o  hav e  begun  as  soon as  t r a i n ­

i ng  on t h e  Math B l a s t e r  c o m p u t e r  game was s t a r t e d  f o r  

each s u b j e c t .  Math B l a s t e r  r e q u i r e s  t h e  u s e  o f  bo th  

h a n d s  t o  p l ay  t h e  game.  Some s u b j e c t s  p i cke d  up t h e  game 

f a s t e r  t h a n  o t h e r  s u b j e c t s  due  t o  d i f f e r e n c e s  in c o o r d i n a ­

t i o n  and a b i l i t y .  Al l  s u b j e c t s  were  g iv en  s u p p o r t  f rom 

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

f e r e n c e s  so t h a t  e ach  s u b j e c t  was ex posed  t o  t h e  game f o r  

t h e  a l l o t e d  t ime  (10 minu t e s )  f rom t h e  f i r s t  t ime  t h e y  

s a t  down to  p l ay  t h e  game.  E v e n t u a l l y ,  a l l  t h e  s u b j e c t s  

were  i n d e p e n d e n t l y  p l a y i n g  t h e  game.

By t h e  end o f  t h e  s t u d y  (and  t h e  s c ho o l  yea r )  a l l  of  

t h e  s u b j e c t s  had p l a y e d  t h e  game a t  l e a s t  e i g h t  t im e s .  

T h r o u g h o u t  t h e  c o u r s e  o f  t h e  s t u d y ,  e ach  member of  t h e  

c l a s s  no t  i n v o l v e d  in t h e  s t u d y  was g i v en  t h e  o p p o r t u n i t y  

f o r  one  t u r n  on t h e  c om pu te r  t o  p l ay  t h e  game wi th  t h e  

e x p e r i m e n t e r .  On t h e  l a s t  t e s t  s e s s i o n  t h e  t imed  t e s t  

was g iv en  t o  t h e  e n t i r e  c l a s s .
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CHAPTER I I I

RESULTS

Th is  c h a p t e r  r e p o r t s  t h e  f i n d i n g s  o f  t h e  s t u d y .  The 

p u r p o s e  of  t h i s  s t u d y  was t o  examine  t h e  r e l a t i o n s h i p  b e ­

tween  c o m p u t e r - a s s i s t e d  d r i l l  and p r a c t i c e  ( s p e c i f i c a l l y  

Math B l a s t e r )  and  math f a c t  a c q u i s i t i o n .  The s u b j e c t s 1 

a t t a i n m e n t  o f  a d d i t i o n  math f a c t s  was measured  t h r o u g h  

t h e  u se  of  t imed  t e s t s .  In t u r n ,  t h e s e  t e s t s  were  used  

t o  c a l c u l a t e  t h e  s t u d e n t s ’ r a t e  c o r r e c t  p e r  m inu t e  f o r  

e ach  t e s t  g i v en  ( o r  s e s s i o n ) .  The s t u d e n t s '  r a t e  c o r r e c t  

p e r  m inu t e  f o r  e ach  s e s s i o n  was p l o t t e d  i n d i v i d u a l l y  on a 

con t i nuum a c r o s s  e ach  s u b j e c t .  T h i s  i n f o r m a t i o n  a l lowed 

t h e  r e s e a r c h e r  t o  make j u d g e m e n t s  n e c e s s a r y  t o  implement  

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

With t h i s  d e s i g n ,  a s t a b l e  b a s e l i n e  m e a s u r e  was ach i eved  

f o r  each  s u b j e c t  on an i n d i v i d u a l  b a s i s  b e f o r e  CADP was 

i n t r o d u c e d .  The r e s u l t s  f rom t e s t  s e s s i o n s  d u r i n g  b a s e ­

l i n e  and CADP i n t e r v e n t i o n  f o r  e ach  s u b j e c t  a r e  p r e s e n t e d  

i n  F i g u r e  1.

Once t h e  compu te r  game t r a i n i n g  was implemented ,  im­

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

f o r  s u b j e c t s  two and t h r e e .  The f i r s t  d a t a  p o i n t  c o l l e c t ­

ed f o r  t h e s e  two s u b j e c t s  showed a d r o p .  However ,  t h e i r  

r a t e  began t o  s t e a d i l y  i n c r e a s e  a f t e r  t h i s  i n i t i a l  d rop  

( s e e  F i g u r e  1).
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A l l  s u b j e c t s  showed i n c r e a s e s  i n  mean r a t e  c o r r e c t  

pe r  m inu t e  from th e  b a s e l i n e  c o n d i t i o n  t o  t h e  t r e a t m e n t  

c o n d i t i o n  ( s e e  Tab l e s  1 and 2 ) .

T ab l e  1

I n d i v i d u a l  Mean Ra te  C o r r e c t  pe r  Minute 
Dur ing B a s e l i n e  and T re a tm en t

S u b j e c t
B a s e l i n e  
( Mean)

Trea tmen t  
( Mean)

1 5 .0 12.6

2 5 . 5 9 .0

3 5 .5 9 .6

4 6 .2 12.2

5 9 .4 14.2

6 8.1 12.7

Tab l e  2

I n d i v i d u a l D i f f e r e n c e  in  Mean R a t e  C o r r e c t  
Between B a s e l i n e  and T rea tm en t

per  Minute

S u b j e c t Mean Ra te D i f f e r e n c e

1 7 . 6

2 3 . 5

3 4 .1

4 6 . 0

5 4 . 8

6 4 . 6
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As men t ioned  p r e v i o u s l y ,  t h e  t im e d  t e s t s  were g iven  

t o  t h e  e n t i r e  c l a s s  on 3 s e p a r a t e  o c c a s i o n s .  The f i r s t

two t im es  t h e  t e s t  was g iven  t o  s e l e c t  s u b j e c t s .  The

t e s t  was a l s o  g iven  t o  t h e  e n t i r e  c l a s s  t h e  l a s t  s e s s io n

in t h e  i n t e r e s t  o f  c o l l e c t i n g  c o m p a r i s o n  d a t a .  The mean 

r a t e  p e r  m in u t e  f o r  t h e  i n i t i a l  two t e s t  s e s s i o n s  ( s u b ­

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

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

which did n o t  r e c e i v e  t h e  CADP i n t e r v e n t i o n .  The mean 

r a t e  p e r  m in u t e  f o r  t h e  f i n a l  t e s t  s e s s i o n  was a l s o  c a l ­

c u l a t e d  f o r  b o t h  g r o u p s .  Th i s  c o m p a r i s o n  i s  shown below 

in  Tab l e  3.

Tab l e  3

Group Mean Ra te  C o r r e c t  pe r  Minut e  From I n i t i a l  Tes t  
S e s s i o n s  and F i n a l  T e s t  S e s s i o n

I n i t i a l F i n a l
S u b j e c t s ( Mean) (Mean)

CADP Group 6 .4 13.4

Other 12.0 14.5

A g r a p h i c  compa r i son  of  t h e  cu m m u la t i v e  i n i t i a l  mean 

r a t e  t o  t h e  cummula t i ve  f i n a l  mean r a t e  be tween t h e  g roup 

t h a t  r e c e i v e d  CADP and t h e  g r oup  t h a t  did n o t  i l l u s t r a t e s  

t h e  r a t e  c o r r e c t  p e r  minu te  d i f f e r e n c e  a ch i e v e d  by t h e  

two g r o u p s  ( s e e  F i g u r e  2).
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Figure 2. Comparison of Initial and Final Rate Correct per Minute 
Means for CADP Group and Other.
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To d e t e r m i n e  w h e t h e r  t h e  mean d i f f e r e n c e s  be tween  

t h e  g r ou p  t h a t  r e c e i v e d  CADP and t h e  r e m a i n d e r  o f  t h e  

c l a s s ,  which did  no t  r e c e i v e  CADP, were  i n f l u e n c e d  by a 

r e g r e s s i o n  t oward  t h e  mean,  t h e  fo l l o w in g  co mp a r i s on  was 

made.  A g r ou p  mean r a t e  c o r r e c t  p e r  m inu t e  c a l c u l a t i o n  

was don e  a c c o rd i n g  t o  t h e  o v e r a l l  c l a s s  p e r f o r m a n c e  on 

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

b r e a kd o wn :  g roup  mean one  ( e i g h t  l o w e s t  p e r f o r m e r s ) ,

g r o u p  mean two ( e i g h t  m id d l e  p e r f o r m e r s ) ,  and g r o u p  mean 

t h r e e  ( e i g h t  h i g h e s t  p e r f o r m e r s ) .  A g ro up  mean r a t e  

c o r r e c t  pe r  m inu t e  c a l c u l a t i o n  was a l s o  done  on t h e  f i n a l  

t e s t  s e s s i o n  f o r  t h e  same t h r e e  g r o u p s  o f  e i g h t  ( s ee  

F i g u r e  3).

A g r a p h i c  d e p i c t i o n  o f  t h e s e  d a t a  ( s e e  F i g u r e  3) 

seems t o  r u l e  o u t  t h e  r e g r e s s i o n  phenomenon s i n c e  t h e  

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

d e c r e a s e d ,  f rom t h e i r  i n i t i a l  mean p e r f o r m a n c e .
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Figure 3. Comparison of Initial and Final Rate Correct per Minute 
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CHAPTER IV

DISCUSSION

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

r a t e  c o r r e c t  p e r  m inu t e  f o r  each  s t u d e n t  in compa r i son  t o  

t h e i r  i n d i v i d u a l  r a t e  p r i o r  t o  t h e  i n t r o d u c t i o n  of  com­

p u t e r  a s s i s t e d  d r i l l  and p r a c t i c e  (Math B l a s t e r ) .  The 

d a t a  show an a v e r a g e  i n c r e a s e  in  r a t e  c o r r e c t  pe r  m inu t e  

f o r  a l l  s i x  s u b j e c t s  (from 3.5 p r o b l e m s  p e r  m inu t e  t o  7.6 

p ro b l e m s  p e r  minute)  f rom t h e  b a s e l i n e  c o n d i t i o n  wi th  t h e  

u s e  of  CADP.

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

in  r a t e  c o r r e c t  p e r  m inu te  f o r  t h e  g r o u p  t h a t  r e c e i v e d  

CADP in  compa r i son  t o  t h e  r e m a i n d e r  o f  t h e  c l a s s  who did 

n o t  r e c e i v e  CADP. The d i f f e r e n c e  be tw ee n  t h e  mean a t ­

t a i n e d  by t h e  CADP g rou p  d u r i n g  t h e  i n i t i a l  two s e s s i o n s  

( p r i o r  t o  compu te r  i n t e r v e n t i o n )  and  t h e  f i n a l  s e s s i o n  

( a f t e r  e x p o s u r e  t o  compu te r  i n t e r v e n t i o n )  was 7.0 p r o b ­

lems p e r  m inu t e .  The d i f f e r e n c e  b e tw ee n  t h e  mean a t t a i n ­

ed by t h e  r e m a i n d e r  o f  t h e  c l a s s  d u r i n g  t h e  i n i t i a l  two 

s e s s i o n s  and t h e  f i n a l  s e s s io n  was 2.5 p ro b l em s  p e r  min­

u t e .

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

t h e  g a i n s  made by t h e  i n d i v i d u a l  s t u d e n t s  exposed  t o  CADP 

were  due  p r i m a r i l y  t o  t h e i r  e x p o s u r e  t o  t h e  i n t e r v e n t i o n .

25
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I f  bo th  g r o u p s  had made ga in s  of  s i m i l a r  mag n i t u de ,  t h e n

i t  cou ld  be  a r g u e d  t h a t  o t h e r  v a r i a b l e s  were  co n fo u n d i n g

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

i n t e r v e n t i o n .  Of c o u r s e  t h e  d a t a  f rom t h o s e  s u b j e c t s  no t  

s e l e c t e d  cou ld  hav e  been  i n f l u e n c e d  by a c e i l i n g  e f f e c t ,

as  t h e i r  i n i t i a l  r a t e s  were  c o n s i d e r a b l y  h i g h e r  t h an  t h e  

s u b j e c t s ’ i n i t i a l  r a t e s .  The s u b j e c t s  we re  s e l e c t e d  s p e c ­

i f i c a l l y  b e c a u s e  of  t h e i r  low i n i t i a l  r a t e s  and t h e i r  

o v e r a l l  low math  a ch i ev e m e n t  as  r e p o r t e d  by t h e  t e a c h e r .  

In g e n e r a l ,  t h e  s u b j e c t s  were  t h e  low p e r f o r m e r s  in t h e  

c l a s s room .  Al l  b u t  one s u b j e c t  was i n v o l v e d  in t h e  T i t l e  

One r e m e d i a l  r e a d i n g  p rog ram.

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

wel l  t o  t h e  i n t e r v e n t i o n .  A s imple  r e p o r t i n g  of  t h e  d a t a

c an no t  convey  t h e  e n t h u s i a s m  wi th  wh ich  t h e  s t u d e n t s

s p e n t  t h e i r  t im e  on t h e  co mpu te r .  The d a w d l e r s  would 

h u r r y  and f i n i s h  t h e i r  d a i l y  work in  o r d e r  t o  g e t  com­

p u t e r  t ime .  Even on a n i c e  s p r i n g  day  s u b j e c t s  would

v o l u n t e e r  t o  s t a y  in f rom r e c e s s  f o r  t ime  on t h e  com­

p u t e r .  Th is  r e s e a r c h e r  i s  conv inc ed  t h a t  math d r i l l  and 

p r a c t i c e  w i th  t h i s  p a r t i c u l a r  game was e n j o y a b l e  t o  t h e  

s t u d e n t s .

Va r ious  r e s e a r c h e r s  have  r e p o r t e d  t h a t  t h e  amount  of  

t ime  s t u d e n t s  a r e  w i l l i n g  t o  spend  w i th  CAI m a t e r i a l s  i s  

n o t i c e a b l y  l o n g e r  t h a n  wi th  many o t h e r  i n s t r u c t i o n a l

m a t e r i a l s  ( B r i g h t ,  1983; J e n s e n ,  1982).  B r i g h t  (1983)
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s u g g e s t s  t h a t  " t h e  i n c r e a s e d  i n v o l v e m e n t ,  which i s  p r e ­

c i s e l y  i n c r e a s e d  en ga g e d  t im e ,  i s  r e l a t e d  t o  t h e  s u b ­

s t a n t i v e  i n t e r a c t i o n  be tween  t h e  u s e r  and t h e  machine"  

(p.  149).

Math B l a s t e r  h a s  been  found  t o  p o s s e s s  a h igh  

d e g r e e  o f  i n t e r a c t i v i t y  ( Z e l l e r ,  1987/1988) .  I n t e r ­

a c t i v i t y  ha s  been  d e f i n e d  by ( J o n a s s e n ,  1985) a s  a p r o ­

c e s s  where  t h e  " l e a r n e r  a c t i v e l y  o r  o v e r t l y  r e s p o n d s  t o  

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

t u r n  a d a p t s  t o  t h e  l e a r n e r ,  a p r o c e s s  more commonly r e ­

f e r r e d  t o  as  f e e d b a c k "  (p.  7 ).

L e a r n e r s  mus t  p r o c e s s  i n f o r m a t i o n  a c t i v e l y  in o r d e r  

t o  f a c i l i t a t e  c o m p r e h e n s i o n  and  r e t e n t i o n  (Ausube l ,  

1960).  T h e r e f o r e ,  t h e  more l e a r n e r s  i n t e r a c t  wi th  ma t e ­

r i a l s  t h e y  a r e  t r y i n g  t o  l e a r n ,  t h e  more l i k e l y  t h e y  w i l l  

co mprehend  and r e t a i n  t h e  m a t e r i a l  (W e l l e r ,  1988).  Thus ,  

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

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

t i o n  p r e s e n t e d  by t h e  t e c h n o l o g y  ( f e e d b a c k ) .

The p r o c e s s  o f  i n t e r a c t i v i t y ,  a s  d e s c r i b e d  above ,  

h a s  been  found t o  be  p o s i t i v e l y  c o r r e l a t e d  wi th  h i gh  

l e v e l s  o f  s t u d e n t  e n g a g e m e n t  ( F i s h e r ,  e t  a l . ,  1980). 

F u r t h e r m o r e ,  t h e  r a t i o  o f  s t u d e n t  en g ag e d  t ime  t o  a l ­

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

( F i s h e r ,  e t  a l . ,  1980).  T h e r e f o r e ,  i t  l o g i c a l l y  f o l l ows  

t h a t  a CADP p rog ram wi th  a h i gh  d e g r e e  of  i n t e r a c t i v i t y
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can be  e f f e c t i v e l y  u t i l i z e d  t o  i n c r e a s e  t h e  amount  of  

s t u d e n t  engaged  t ime and t h u s  c o n t r i b u t e  t o wa rd  an o v e r ­

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

A s u c c e s s f u l  r e m e d i a t i o n  of  s p e c i f i c  a ca demic  weak­

n e s s e s  i d e a l l y  i n v o l v e s  m a s t e r y  of  t h e  m a t e r i a l  in  t h e  

s h o r t e s t  t i m e  p e r i o d  p o s s i b l e .  C a r n in e  and  S i l b e r t  

(1979) o f f e r  s ix  g u i d e l i n e s  t o  e f f e c t i v e l y  t e a c h  r e m e d i a l  

r e a d e r s ,  which a r e  r e l e v a n t  t o  r e m e d i a l  math s t u d e n t s :

1) P r o v i d e  e x t r a  i n s t r u c t i o n ;  2) s t a r t  t h e  e x ­
t r a  i n s t r u c t i o n  as  soon as  any d e f i c i t  a p p e a r s ;
3) u s e  h i g h l y  t r a i n e d  p e r s o n n e l ;  4) s e l e c t  a 
p r o g r a m  t h a t  t e a c h e s  e s s e n t i a l  s k i l l s  and 
t e a c h e s  them wel l ;  5 ) move r e m e d i a l  s t u d e n t s  
t h r o u g h  t h e  i n s t r u c t i o n a l  p rogram as  r a p i d l y  as  
p o s s i b l e ;  an d  6 ) m o t i v a t e  t h e  s t u d e n t s  t o  
a c h i e v e ,  (p .  50)

I t  a p p e a r s  t h a t  t ime ,  i n  t h e  c o n t e x t  of  i n c r e a s i n g  t h e

amoun t  o f  i n s t r u c t i o n  so t h a t  m a s t e r y  i s  a c h i e v e d  as

r a p i d l y  as  p o s s i b l e ,  i s  an i m p o r t a n t  v a r i a b l e  t o  c o n s i d e r

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

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

l a t e s  t o  t h e  c o n c e p t  o f  " p a c i n g "  o r  t h e  spe ed  i n  which 

t a s k s  a r e  p r e s e n t e d .  C a r n in e  (1976) s u g g e s t s  t h a t  l e s ­

s o n s  p r e s e n t e d  d u r i n g  a f a s t - r a t e  c o n d i t i o n  (5 s e c o n d s  

p e r  t a s k )  l ed  t o  s u b s t a n t i a l l y  h i g h e r  a t t e n d i n g  and c o r ­

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

c o n d i t i o n  (14 s e c o n d s  p e r . t a s k ) .  Th i s  r e s e a r c h e r  f e e l s  

t h a t  t h e  f a s t  paced  f o r m a t  o f  Math B l a s t e r ,  i n  t e r m s  of  

p r e s e n t a t i o n  of  math p r o b l e m s  and a l l o w a b le  r e s p o n s e  

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

tween  p ace  (o f  p r e s e n t a t i o n )  and p o s s i b l e  r a t e  i n c r e a s e  

( h i g h e r  r a t e  of  c o r r e c t  a n s we r s )  i s  an e s p e c i a l l y  im­

p o r t a n t  c o n s i d e r a t i o n  f o r  a c q u i s i t i o n  of  math f a c t s .  

Many e d u c a t o r s  do no t  c o n s i d e r  t h a t  a math f a c t  i s  mas­

t e r e d  i f  i t  t a k e s  more t h a n  a few s e c o n d s  t o  r e s p o n d  

( A l e s s i  & T r o l l i p ,  1985).  T h e r e f o r e ,  a CADP p rog ram t h a t  

r e q u i r e s  a r e s p o n s e  t o  be  qu i c k  in  o r d e r  t o  be  c o r r e c t  

ha s  i m p o r t a n t  u t i l i t y  f o r  r e m e d i a t i o n  of  s t u d e n t s  who 

hav e  n o t  a c q u i r e d  math f a c t s  wi th  any d e g r e e  of  f l u e n c y .

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

a s  i t  r e l a t e s  t o  s u c c e s s f u l  r e m e d i a t i o n ,  most  c om pu te r  

s t u d i e s  t o  d a t e  have  " t r e a t e d  t im e  as  an i n t e r e s t i n g  b u t  

n o t  t h e o r e t i c a l l y  i m p o r t a n t  v a r i a b l e "  ( B r i g h t ,  1983).  

S i n c e  e d u c a t o r s  o b v i o u s l y  c o n s i d e r  t ime  t o  be an im­

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

t h a t  u s e  o f  t h e  compu te r  t o  p r o v i d e  " e q u i v a l e n t  l e a r n i n g  

in l e s s  t o t a l  s t u d e n t  t ime"  i s  an i m p o r t a n t ,  e d u c a t i o n a l ­

l y  r e l e v a n t ,  b e n e f i t  o f  CADP which h a s  n o t  been  f u l l y  

a d d r e s s e d  by r e s e a r c h e r s .  The r e s u l t s  o f  t h e  p r e s e n t  

s t u d y  s u g g e s t  t h a t  a CADP p rog r am l i k e  Math B l a s t e r  can 

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

s t r u c t i o n a l  t ime  and a c c e l e r a t e  t h e  r a t e  o f  p r o g r e s s  o f  

s t u d e n t s  who a r e  t a r g e t e d  a s  soon as  t h e i r  d e f i c i t  a p ­

p e a r s .  Th i s  s u p p o s i t i o n  ope ns  t h e  door  t o  f u r t h e r  r e ­

s e a r c h  a long  t h i s  a r e a  and p o i n t s  o u t  p o t e n t i a l  weak­

n e s s e s  o f  t h i s  p a r t i c u l a r  s t u d y .
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In  t h i s  s t u d y ,  CADP was i n t r o d u c e d  as  a supp l e men t  

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

t i v i t i e s .  No e f f o r t  was made t o  compa re  CADP t o  o t h e r  

more t r a d i t i o n a l ,  l e s s  au tomated  d r i l l  and p r a c t i c e  a c ­

t i v i t i e s  s i n c e  i t  was f e l t  t h a t  i t  would be  e x t r e m e ly  

d i f f i c u l t  t o  r u l e  o u t  t h e  p o s s i b i l i t y  o f  e x p o s u r e  t o  

a l t e r n a t i v e  t r e a t m e n t  c o n d i t i o n s  whi l e  n o t  in s choo l .

T h i s  i s s u e  a r o s e  f o r  s u b j e c t  number  s i x  who made a

d r a m a t i c  i n c r e a s e  in  r a t e  f rom s e s s i o n  s ev en  t o  s e s s i o n

n i n e  d u r i n g  b a s e l i n e  c o n d i t i o n  ( s e e  F i g u r e  1). When

q u e s t i o n e d ,  s u b j e c t  s i x  s t a t e d  t h a t  h e r  mo the r  had begun  

work ing  w i th  h e r  a t  home on a d d i t i o n  f a c t s .  Th i s  l ed  t h e  

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

any a t - h o m e  p r a c t i c e  of  math f a c t s .  I t  was r e p o r t e d  t h a t  

none  of  t h e  o t h e r  s u b j e c t s  r e c e i v e d  a d d i t i o n a l  p r a c t i c e .

S i n c e  t h i s  s t u d y  was no t  compa r ing  a l t e r n a t i v e  i n t e r ­

v e n t i o n s  t h e  d a t a  f o r  s u b j e c t  s i x  we re  c o n s i d e r e d  i n t e r ­

e s t i n g ,  b u t  n o t  v i ewed  as  a s e r i o u s  p ro b l em .  In f a c t ,  

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

t u n i t y  f o r  a ra i c rocompar i son  be tween  a t - h o m e  d r i l l  wi th  

mo the r  and CADP wi th  Math B l a s t e r  ( s e e  F i g u r e  1). Note 

t h a t  a f t e r  e x p o s u r e  t o  CADP t h e  r a t e  p e r  m inu t e  f o r  s u b ­

j e c t  s i x  i n c r e a s e d  even more,  from 13 p r o b l e m s  pe r  m inu t e  

t o  15 p r o b l e m s  p e r  m in u t e ,  n e v e r  f a l l i n g  below 13*5 p r o b ­

lems p e r  m inu t e .

The f i n d i n g s  of  t h e  p r e s e n t  r e s e a r c h  s t u d y  s u g g e s t  

some i n t r i g u i n g  p o s s i b i l i t i e s  f o r  f u t u r e  s t u d y  such  a s  a
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compa r i so n  o f  a l t e r n a t i v e  i n t e r v e n t i o n  c o n d i t i o n s ,  l i k e  

f l a s h  c a r d  d r i l l  and p r a c t i c e  and CADP, wi th  en gag ed  t ime  

as  d e p e n d e n t  v a r i a b l e .  Ano t he r  i n t e r e s t i n g  s t u d y  migh t  

i n v o l v e  a compa r i son  o f  Math B l a s t e r  t o  o t h e r  CADP p r o ­

g rams wi th  s i m i l a r  c om pon en t s  o f  i n t e r a c t i v i t y  and r a p i d  

pa c i n g  wi th  p o s s i b l e  d e p e n d e n t  v a r i a b l e s  o f  r a t e  i n c r e a s e  

or  en g ag e d  t ime .

Th is  s t u d y  d id  n o t  i n v o l v e  a d e t a i l e d  e x a m in a t i o n  of  

p o s s i b l e  l o n g - t e r m  e f f e c t s  o f  t h e  CADP i n t e r v e n t i o n .  How­

e v e r ,  a f o l l o w - u p  by  t h e  r e s e a r c h e r  wi th  t h e  c l a s s roo m

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

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

80$ on an e n d o f - t h e - y e a r  math a c h i e v e m e n t  t e s t .  I t  would 

be  i n t e r e s t i n g  t o  f o l l o w  t h e s e  s t u d e n t s  t h r o u g h  second 

g r a d e  t o  see  i f  t h e  CADP r a t e  i n c r e a s e  ha s  been  main­

t a i n e d .

The aim o f  t h i s  r e s e a r c h  h a s  been  t o  s t u d y  t h e  e f ­

f e c t  o f  compu te r  a s s i s t e d  d r i l l  and p r a c t i c e  on t h e  v a r i ­

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

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

be in g  d e f i c i t  in  t h i s  a r e a .  Re se a r ch  f i n d i n g s  s u g g e s t  

t h a t  t h e  v a r i a b l e  o f  e nga ge d  t ime  i s  i m p o r t a n t  in  i n ­

c r e a s i n g  s t u d e n t  s u c c e s s  r a t e  ( F i s h e r ,  e t  a l ,  1980).  

I n t e r p r e t a t i o n  o f  t h e  phenomenon of  u s i n g  t h e  c om pu te r  t o  

i n c r e a s e  t h e  amount  o f  s t u d e n t  engaged  t im e ,  and t h e r e ­

f o r e  i n c r e a s e  t h e  r a t e  o f  s u c c e s s  ( B r i g h t ,  1983),  op en s  

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

which w a r r a n t  f u r t h e r  i n v e s t i g a t i o n  in t h e  r e s e a r c h  a r e a .
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V  0 ^
Na me ________________

Addition Facts: Sums 0-18
Test 8 +

Minutes Score
; > -<s

5 3 0 7 6 9 2 5 7 1
A + 6 + 8 + 4 + 8 + 5 + 1 + 5 + 9 + 4 + 7

/ / / / 9 S ' / / 9 6 7 / y i t f*

1 9 4 1 0 7 5 2 1 9
B + 8 + 4 + 3 + 6 + 8 + 2 + 4 + 0 + 3 + 0

9 9 3 7 7 7 7 9 <£. y 9

8 2 4 6 3 5 0 6 4 3
C + 3 + 7 + 8 + 0 + 2 + 8 + 0 + 8 + 6 + 5

99 ? c 7 3 O <¥ /a J>
0 4 1 9 6 3 5 8 2 8

D + 5 + 0 + 4 + 9 + 2 + 0 + 1 + 9 + 4 + 7
JT ¥ L 9 7 L

7 1 9 5 1 8 2 8 3 0
E + 6 + 9 + 6 + 3 + 0 + 4 + 2 + 0 + 9 + 9

/ J S6 AT" S ' / ' X * S' 9ZL ?

3 7 6 2 7 4 9 6 0 4
F + 4 + 9 + 6 + 6 + 3 + 5 + 3 + 4 + 2 + 2

7 JC s / 6 9 / X / c c?- <:

4 6 0 5 8 2 6 1 5 9
G + 1 + 9 + 1 + 5 + 2 + 9 + 7 + 2 + 7 + 8

)S~ 9 / / >3 / X 9 7
5 3 8 4 3 9 2 0 8 5

H + 2 + 1 + 8 + 9 + 6 + 7 + 3 + 6 + 6 + 0

7 ¥ u 73 9 /  £ £ / / ♦S’"'

6 1 8 0 9 6 3 4 7 2
I + 3 + 1 + 5 + 7 + 5 + 1 + 3 + 7 + 1 + 8

9 c * J 3 7 / 7 7 L ) t S ' / c

2 7 3 9 4 0 7
\
8 1 7

J + 1 + 0 + 7 + 2 + 4 + 3 + 5 + 1 + 5 + 7
3 7 /6 / / s? 9X 9 c
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Name
Addition Facts: Sums 0-18

Test 9 +

Minutes

0 40)OQO
33a<0

cocflw<0O
©

Score Y-v-j

9 5 2 1 8 3 0 8 6 7
A + 5 + 2 + 8 + 6 + 4 + 9 + 2 + 9 + 6 + 9

lH *7 10 7 /X / a 2 , n 13^ /&

8 0 7 6 3 8 4 2 5 1
B + 5 + 4 + 6 + 2 + 2 + 7 + 6 + 1 + 8 + 0

13 H 13 ? S' / S ' 10 3 1 3 /

4 6 2 8 3 0 7 9 3 1
C + 2 + 7 + 5 + 1 + 5 + 3 + 0 + 2 + 7 + 8

6> /3 7 9 8 3 7 U / o ?

9 4 3 0 5 1 7 2 5 6
D + 8 + 7 + 1 + 9 + 7 + 5 + 3 + 7 + 0 + 5

n II 9 I X 6 / 0 ? ST 11

5 0 4 3 4 2 6 8 7 2
E + 3 + 1 + 5 + 8 + 1 + 0 + 1 + 3 + 8 + 4

? / 9 11 S' <2. 7 U /5~
1 5 9 1 9 5 3 4 0 1

F + 7 + 9 + 9 + 2 + 7 + 6 + 4 + 4 + 7 + 1
? /7 i ? 3 It* 11 7 ? 7 a -
7 2 5 4 3 6 0 7 6 8

G + 4 + 3 + 1 + 9 + 0 + 4 + 0 + 5 + 9 + 6
U S' L> / 3 3 ID O I X I S N

3 4 0 7 9 4 2 6 1 7
H + 6 + 3 + 8 + 7 + 1 + 0 + 6 + 0 + 4 + 2

9 7 S' 10 V ? 6? S ' 9

5 1 9 1 0 9 8 3 9 5
I + 5 + 3 + 4 + 9 + 6 + 3 + 2 + 3' + 6 + 4

/O V /3 / 6 6 / D 6 I S 9

6 8 2 7 6 2 8 0 4 9
J + 3 + 0 + 9 + 1 + 8 + 2 + 8 + 5 + 8 + 0

9 8 / / ? N 7 l(p S'" & y
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Name
Addition Facts: Sums 0-18

Test 10 4-
Minutes Score

10

4 2 9 6 1 7 5 8 6 2
A + 8 + 7 + 4 + 2 +1 + 8 + 2 + 1 + 8 + 2

/Z 9 13 S* Z IS 7 9 19 < /

3 8 4 1 8 6 0 9 3 5
B + 9 + 7 + 5 + 6 + 4 + 5 + 0 + 1 + 1 + 6

/ z IS 9 7 / z / / 0 I t 7 / /
0 4 7 8 5 2 7 3 1 0

C + 2 + 1 + 4 + 0 + 3 + 1 + 0 + 7 + 3 + 5
z S ' // % 3 7 / o V

5 9 3 0 9 4 6 1 4 2
D + 1 + 9 + 3 + 9 + 8 + 3 + 1 + 0 + 7 + 5

( f I Z 6 9 n 7 7 / // 7
1 7 2 5 0 7 4 6 2 8

E + 2 + 1 + 4 + 5 + 3 + 9 + 0 + 7 + 9 + 6
3 6 lo 3 lb 7 13 11 N
6 0 9 5 3 1 9 2 3 7

F + 4 + 7 + 2 + 8 + 6 + 8 + 6 + 0 + 4 + 6
10 7 // 13 ? f I S 2 . 7 / 3

2 9 4 8 3 7 5 9 0 3
G + 8 + 7 + 6 + 9 + 0 + 3 + 0 + 3 + 6 + 8

I t 1 0 n 3 / 0 S ' / Z & / /

5 8 0 6 4 1 9 2 4 9
H + 9 + 3 + 1 + 6 + 2 + 5 + 0 + 3 + 4 _+5_

N // / / Z & 6 ? s S N

3 7 8 1 7 0 6 8 5 3
I + 5 + 5 + 8 + 9 + 7 + 8 + 9 + 5 + 4 _±1-

/Z l(p IO / 7 s* I S 13 ? S "

5 1 8 4 2 6 7 0 1 6
J + 7 + 4 + 2 + 9 + 6 + 0 + 2 + 4 + 7 _+3_

/ Z S I t 13 s* (p 9 J

CN
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Name
Addition Facts: Sums 0-18

Test 11 +
Minutes Score

1 2 3 4 5

CM
CDOao
23
CL
COtno

co
mO
©

5 2 6 7 5 0 9 3 1 4
A + 4 + 3 + 7 + 2 + 9 + 7 + 5 + 6 + 6 + 8

? 5 / 3 9 W 7 N 9 7 / S ^

4 6 1 4 9 5 0 3 9 2
B + 7 + 3 + 0 + 2 + 0 + 3 + 2 + 2 + 4 + 5

II 9 / ip 9 ? S " / 3 y

3 7 5 6 1 8 4 1 0 7
C + 4 + 9 + 1 + 0 + 9 + 2 + 6 + 1 + 4 + 7
t

7 /6 u 6 / o /£> / o V / V

9 3 0 6 9 3 1 7 6 8
D + 9 + 7 + 8 + 6 + 8 + 0 + 3 + 1 + 2 + 9

/ ? 10 s / £ , n 3 7 ? * n
0 4 7 1 9 2 8 4 2 5

E + 0 + 3 + 3 + 7 + 3 + 4 11 + 6 + 5 + 1 + 8
6 7 / o ? (p H ? 3 13
2 8 3 8 0 5 4 7 2 8

F + 7 + 0 + 3 + 8 + 5 + 2 + 1 + 6 + 9 + 4
9 £ lip S ' 7 5T / 3 / /

5 2 7 1 6 3 9 0 5 9
G + 5 + 2 + 0 + 5 + 5 + 8 + 7 + 1 + 7 + 2

/ o <7 7 6 / / II J0> 7 / /

7 3 6 4 1 8 0 6 2 8
H + 8 + 1 + 8 + 0 + 8 + 3 + 9 + 9 + 8 + 7

7 / V 7 ? / / ? /5T 10 / 5 T

6 0 4 3 5 7 9 2 8 1
I + 1 + 3 + 4 + 5 + 0 + 5 + 1 + 0 + 5 + 2

7 3 9 s S ' 7 ^ 7 0 / 3 3

1 9 3 5 4 0 6 7 2 8
J + 4 + 6 + 9 + 6 + 9 + 6 + 4 + 4 + 6 + 1

S " IS / / 4 3 u> Jo II 8 ?
11
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Name

Minutes

1 2 3 4 5

B

D

H

12

Addition Facts: Sums 0-18
Test 12 +

Score

3 9 9 7 / o / 3 5 " 2 - 7

5 6 4 1 9 0 9 6 7
+ 4 + 2 + 0 + 9 + 7 + 0 + 3 + 9 + 7

9 8 7 / o / 6 £ / s " N
1 8 0 8 3 6 5 3 2

+ 3 + 1 + 7 + 8 + 8 + 4 + 7 + 3 + 6
V 9 7 /6 / / /O /2 - (r? S

4 
+ 4

0 
+ 2

7 
+ 3

05 CM +
I

2 
+ 9

7 
+ 8

5 
+ 9

r- 
CO + 8 

+ 3
5 

+ 2
? / o I I / / / S ' / V 9 u 7

9 4 1 9 7 3 9 2 4 0
+ 6 + 9 + 5 + 9 + 1 + 5 + 0 + 1 + 6 + 6
/ S ' o 6 > / * y 8 9 3 J O 6 ?

6 2 5 6 3 0 8 6 2 4
+ 1 + 2 + 0 + 6 + 7 + 4 + 5 + 8 + 5 + 3
7 7 7 " / o V /3 / V 7 7
4 9 1 5 8 4 3 7 0 7

+ 7 + 8 + 0 + 3 + 9 + 1 + 0 + 5 + 1 + 9
// / 7 / 3 m s ~ 3 /O ' / / 6

1 5 2 8 0 5 6 1 6 2
+ 7 + 6 + 4 + 7 + 9 + 8 + 0 + 2 + 3 + 8
S / / (p /S ' 9 13 (P 3 ? /o

2 8 3 0 9 8 1 9 4 5
+ 7 + 4 + 2 + 5 + 4 + 0 + 6 + 5 + 8 + 5
9 s r S'" J3 £ 7 N /O

• 6 7 2 8 1 6 3 5 0 3
+ 7 + 4 + 0 + 2 + 4 + 5 + 6 + 1 + 8 + 1
/ 3 // S* JO S ' / / 9 C? 8* 7

0 4 7 3 9 7 2 1 7 3
+ 3 + 5 + 2 + 4 + 1 + 6 + 3 + 1 + 0 + 9._
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Appendix B

Approva l  L e t t e r  From t h e  Human S u b j e c t s  
I n s t i t u t i o n a l  Review Board
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WESTERN MICHIGAN UNIVERSITY

TO: Paula Frandsen

FROM: Ellen Page-Robin, Chair

RE: Research Protocol

DATE: March 31, 1989

This letter will serve as confirmation that your research 
protocol, "Computer assisted drill and practice as an instruc­
tional aid to increasing rate of acquisition of addition math 
facts," has been approved as exempt by the HSIRB.

If you have any further questions, please contact me at 387-2647.
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