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3.

ABSTRACT

A COMPARISON OF INSTRUCTIONAL METHODS EMPLOYING GROUP AND

INDIVIDUAL PROGRAMMING IN AN INTRODUCTORY COMPUTER

SCIENCE COURSE

E l a i n e  S u e  G rossman

The p u r p o s e  o f  t h i s  s t u d y  was  t o  e x a m i n e  s t u d e n t  

p r o g r a m m in g  p r o f i c i e n c y ,  p e r s e v e r a n c e ,  e f f i c i e n c y ,  and  

a t t i t u d e  i n  an i n t r o d u c t o r y  c o m p u t e r  s c i e n c e  p r o g r a m m in g  

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

The i n v e s t i g a t i o n  t o o k  p l a c e  a t  a  s u b u r b a n ,  p r i v a t e ,  

four— y e a r  c o l l e g e  t h a t  s e r v i c e s  a p p r o x i m a t e l y  1 0 , 0 0 0  

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

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

s t r u c t u r e d  FORTRAN w e r e  s e l e c t e d .  One c l a s s  (N = 2 1 )  

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

i n d i v i d u a l  p r o g r a m m i n g ;  t h e  s e c o n d  c l a s s  (N = 2 0 )  

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

f i x e d  h e t e r o g e n e o u s  s t u d e n t  p r o g r a m m in g  g r o u p s ;  a nd  t h e  

t h i r d  c l a s s  (N = 19)  r e c e i v e d  i n s t r u c t i o n  i n  t h e  

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

p r o g r a m m in g  g r o u p s .

A n a l y s i s  o f  t h e  d a t a  r e v e a l e d  t h e  f o l l o w i n g  r e s u l t s ;
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1.  The e x p e r i m e n t a l  c l a s s e s  a c h i e v e d  h i g h e r  a v e r a g e  

pr ogr am m in g  a s s i g n m e n t  g r a d e s  t h a n  t h e  c o n t r o l  c l a s s ,  

a l t h o u g h  t h e  d i f f e r e n c e s  on t h e  m id t e r m  and f i n a l  

e x a m i n a t i o n s ,  t a k e n  i n d i v i d u a l l y ,  on w h ic h  t h e  

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

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

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

s i g n i f i c a n t l y  m ore  p r o gr am m in g  a s s i g n m e n t s  on t i m e  t h a n  

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

3 .  S t u d e n t s  i n  t h e  e x p e r i m e n t a l  c l a s s e s  s p e n t  more  

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

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

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

w a s  l e s s  t h a n  t h a t  r e q u i r e d  by s t u d e n t s  i n  t h e  c o n t r o l  

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

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

4 .  In a p o s t t r e a t m e n t  s u r v e y ,  s t u d e n t s  i n  t h e  

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

p o s i t i v e  a t t i t u d e s  t o w a r d  c o m p u t e r s  and c o m p u te r  

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

No s i g n i f i c a n t  d i f f e r e n t i a l  e f f e c t s  w e r e  p r o d u c e d  by  

a n y  o f  t h e  m e t h o d s  on m e a s u r e s  o f  program m ing  p r o f i c i e n c y  

o r  prog r a m m in g  e f f i c i e n c y .  H o w e v e r ,  i n  i n t r o d u c t o r y  

c o u r s e s ,  i n  w h ic h  c o m p u t e r  l i t e r a c y  i s  a  main c o u r s e  

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

m e a s u r e s  o f  pr ogr am m in g  p e r s e v e r a n c e  and a t t i t u d e  i n  t h e  

c l a s s e s  e m p l o y i n g  s t u d e n t  pr ogr am m ing  g r o u p s  l e a d  t o  t h e
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c o n c l u s i o n  t h a t  t h e s e  i n s t r u c t i o n a l  m e t h o d s  a r e  w o r t h y  o f  

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

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

INTRODUCTION

Need

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

new t o  t h e  s c h o o l  c o m m u n i t y ,  h a s  now b e c o m e  t h e  f o c u s  o f  

i n c r e a s e d  a t t e n t i o n  and r e s e a r c h  < B a s i I i  S< R e i t e r ,  1981 ;  

Lemos,  1 9 7 7 ) .  L u c a s  ( 1 9 7 6 )  c l a i m s  t h a t  a s  c o m p u t e r  

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

i n d i v i d u a l  i n  modern  s o c i e t y ,  a l l  s t u d e n t s  w i l l  n e e d  t o  

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

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

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

R e s p o n d i n g  t o  t h i s ,  u n d e r g r a d u a t e  and g r a d u a t e  

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

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

p r o g r a m m i n g .  V i r t u a l l y  a l l  u n d e r g r a d u a t e s  a t  D a r t m o u t h ,  

a l l  u n d e r g r a d u a t e s  a t  H a rv a r d  ( F i s k e ,  1 9 8 0 ) ,  and m a j o r s  

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

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

e n g i n e e r i n g ,  m a t h e m a t i c s ,  and b u s i n e s s  a t  many a c a d e m i c  

i n s t i t u t i o n s  a r e  b e i n g  r e q u i r e d  t o  come i n  c o n t a c t  w i t h  

s om e  a s p e c t  o f  c o m p u t e r  s c i e n c e .  The s p e c i f i c  

r e q u i r e m e n t s  v a r y  b u t  t h e  o v e r a l l  p i c t u r e  i s  c l e a r :  To

b e c om e  a i . e l  1 - e q u i  pped  g r a d u a t e  f o r  t o d a y ’ s  s o c i e t y ,  o n e
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must  b e  c o m p u t e r  l i t e r a t e  ( J o h n s o n ,  A n d e r s o n ,  H a n s e n ,  •?< 

K l a s s e n ,  1 9 8 0 ;  Thomas S< C a r r o l l ,  1 9 7 9 ) .  C o n s e q u e n t l y  

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

i n s t i t u t i o n s  a r e  f a c i n g  an i n c r e a s e  i n  e n r o l l m e n t  o f  

c o m p u t e r  s c i e n c e  m a j o r s  and a n e e d  t o  o f f e r  

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

w i t h i n  t h e  c o l l e g e .

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

h a s  f o r c e d  many s c h o o l s  t o  o p e n  and e x p a n d  p r o g r a m s  and  

s c h e d u l e s  t o  a t t r a c t  and ac c o m m o d a te  t h e  n o n - t r a d i t i o n a l  

a s  w e l l  a s  t h e  t r a d i t i o n a l  s t u d e n t .  As a r e s u l t ,  

c o m p u t e r  s c i e n c e  c o u r s e s  t h a t  i n  t h e  1 9 6 0 ' s  w e r e  

a v a i l a b l e  t o  and a c c e p t e d  by m a t h e m a t i c s  and s c i e n c e  

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

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

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

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

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

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

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

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

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

c o u r s e s  a s  w e l l  a s  f i l t e r i n g  a g e n t s  f o r  b e g i n n i n g  

c o m p u t e r  s c i e n c e  m a j o r s .  C o g n i t i v e l y ,  t h e s e  c o u r s e s  a r e  

d e s i g n e d  t o  d e v e l o p  t h e  s t u d e n t ' s  s k i l l  i n  w r i t i n g  

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

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

o f  c o m p u t e r s "  (Sackm an ,  1 9 7 0 ,  p .  1 6 ) .  A l l  u n d e r g r a d u a t e  

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

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

p r o g r a m m in g  a d d i t i o n a l l y  demand i n o r d i n a t e  a m o u n t s  o f  

d e p a r t m e n t a l  r e s o u r c e s  (L e m os ,  1977 )  and  s t u d e n t  t i m e  

( U n i v e r s i t y  o f  N e b r a s k a  N e w l e t t e r ,  N o t e  1 ) .

P o r t e r  and  N e s a  ( 1 9 7 5 ) ,  K h a i l a n y  ( 1 9 7 7 b ) ,  and Lemos  

( 1 9 7 9 b ) ,  among many o t h e r  c o m p u t e r  i n s t r u c t o r s ,  f i n d  t h a t  

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

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

s t u d e n t s  w r i t e  d o n ' t  work and a r e  f u l l  o f  e r r o r s  ( b u g s ) ,  

r e q u i r i n g  more t i m e  t o  s e a r c h  f o r  e r r o r s  ( d e b u g )  and  

c o r r e c t  e r r o r s  ( e d i t )  ( B a r n e t t ,  1 9 7 8 ;  C on w ay ,  1 9 7 4 ;  

E c k b e r g ,  1 9 7 6 ;  R o s e n b e r g ,  1 9 7 6 ;  S e b a u g h ,  1 9 7 6 ) .  T h u s ,  

norm al  dem ands  o f  a n y  i n t r o d u c t o r y  c o u r s e  a r e  f u r t h e r  

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

e s p e c i a l l y  t h e  n o n —t r a d i t i o n a l  s t u d e n t ,  who may h a v e  jo b  

a n d / o r  f a m i l y  r e s p o n s i b i l i t i e s ,  must  make i n  t e r m s  o f  t h e  

l i m i t e d  r e s o u r c e — t i m e  ( D e i m e l  8< P o z e f s k y ,  1 9 7 9 ;  

S c h r i b n e r ,  1 9 7 4 ) .

B r o o k s  ( 1 9 7 5 )  s t a t e s  t h a t  t h e  w r i t i n g  and  r u n n i n g  

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

t h a t  c a u s e s  t e n s i o n ,  a n x i e t y  a nd  f r u s t r a t i o n .  " C h e a t i n g "  

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

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

s o m e o n e  e l s e  w r i t e  t h e i r s .  T h i s ,  t o g e t h e r  w i t h  t h e  g u i l t
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o f  t h e  a c t  and n o n - l e a r n i n g  o f  t h e  s i t u a t i o n ,  i s  a p o o r  

r e s o l u t i o n  a t  b e s t  ( A l f o r d ,  H s i a  & F ' e tr y ,  1 9 7 7 ;  Conway,  

1 9 7 4 ;  G r i e r ,  1 9 8 1 ;  H a t h i s ,  1 9 7 4 ;  M i l l e r ,  1 9 8 1 ;  Sackm an,  

1 9 7 0 ) .

T h e s e  c i r c u m s t a n c e s  h a v e  r a m i f i c a t i o n s  f o r  t h e  

i n s t r u c t o r s  o f  i n t r o d u c t o r y  c o m p u t e r  p r o g r a m m in g  c o u r s e s .  

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

s y n t a c t i c a l  r u l e s  and p o i n t  o u t  common e r r o r s  i n  l o g i c  t o  

t h e i r  s t u d e n t s  a n d ,  i n  g e n e r a l ,  s e e i n g  f r u s t r a t i o n  and 

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

e n c o u r a g e  (Ahmed 8< B a r d o s ,  1 9 7 6 ;  W e i n b e r g ,  1 9 7 1 ) .

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

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

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

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

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

p r o d u c i n g  s t u d e n t s  s k i l l e d  i n  program m ing  and w i t h  

p o s i t i v e  a t t i t u d e s  t o w a r d  c o m p u t e r s  i s  a p r i m a r y  c o n c e r n  

f o r  r e s e a r c h  ( A h l g r e n ,  S a p e g a  8< W arner ,  1 9 7 8 ;  Ch en g ,

1 9 7 6 ;  G i l l e t t ,  1 9 7 6 ;  M a r t i n  8< D o c o u i s ,  1 9 6 4 ) .

P u r p o s e

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

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

p r o g r a m m in g  g r o u p s  on s t u d e n t  a c h i e v e m e n t  and a t t i t u d e  i n  

an i n t r o d u c t o r y  l e v e l  c o m p u t e r  prog r a m m in g  c o u r s e .

The g r o u p  o r g a n i z a t i o n  u s e d  i n  a d v a n c e d  program m ing
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c o m p u t e r  c o u r s e s  c l a i m s  t.o e x p o s e  i t s  members t o  t h e  

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

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

p e r s o n a l i t y  c o n f l i c t s  ( B i n e r s t e i n ,  1975;  F r e e m a n ,  1976 ;  

Mackey & F o s d i c k ,  1 9 7 9 ;  M i z e ,  1 9 7 6 ;  P e r r y  S< Weymouth,

1 9 7 5 ;  Plum W e i n b e r g ,  1 9 7 4 ;  R u s c h i t z k a ,  197 7 ;  Tam 

B u s e n b e r g ,  1 9 7 7 ) .  E d u c a t i o n a l l y ,  h o w e v e r ,  p r o f e s s i o n a l  

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

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

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

s t u d e n t s  t h a t  d o e s  n o t  e x i s t  i n  a d v a n c e d  c o u r s e s .  Some  

s t u d e n t s  may b e  t a k i n g  t h e  c o u r s e  a s  an i n t r o d u c t i o n  t o  a 

m a j o r ,  w h i l e  o t h e r s  may b e  f u l f i l l i n g  a r e q u i r e m e n t  f o r  

a n o t h e r  m a jo r  or  t a k i n g  t h e  c o u r s e  f o r  

s e l f - e n l i g h t e n m e n t . In  t h e s e  l o w e r  l e v e l  c o m p u t e r  

c o u r s e s  t h e  u s e  o f  g r o u p  p r o gr am m in g  r e q u i r e s  

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

p o s i t i v e  a t t i t u d e s  t o w a r d  c o m p u t e r s  and c o m p u t e r  

p r o g r a m m in g  f o r  a l l  t h e s e  s t u d e n t s .

Major i m p e t u s  t o  e x p l o r e  t h e  l e a r n i n g  o f  c o m p u te r  

p r o g r a m m in g  u s i n g  g r o u p  a c t i v i t i e s  h a s  come from  

W e i n b e r g ' s  ( 1 9 7 1 )  a d v o c a c y  o f  " e g o l e s s  programm ing"  

w i t h i n  p r o g r a m m in g  a s s e m b l a g e s .  " E g o l e s s  programming"  

o c c u r s  when t h e  p r o c e s s  o f  p r o d u c i n g  a pr o g r a m  i n  an 

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

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

e n c o u r a g e d  (Lem os ,  1 9 7 9 b ) .  S u p p o r t e d  and a i d e d  by t h e
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g r o u p  i n  d e s i g n i n g ,  c o d i n g  and d e b u g g i n g ,  t h e  i n d i v i d u a l  

w r i t e s  h i s / h e r  p r o g r a m .

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

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

a m a t e u r  program m er  i n  s c h o o l s ,  s t a t e s  th a t ,  t h e  main  

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

p r o d u c t  ( i . e . ,  t h e  program )  and t h a t  many o f  t h e  

a d v a n t a g e s  o f  t h e  p r o c e s s  o f  program m ing  w i t h i n  a g r o u p  

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

The aim o f  t h e  s t u d e n t  program m ing  g r o u p  w o u ld  b e :

( a )  t o  e s t a b l i s h  f o r m a l l y  a r o u t i n e  o f  w o r k i n g  t o g e t h e r  

i n  t h e  a n a l y s i s  and d e s i g n  o f  s o l u t i o n s  t o  program m ing  

a s s i g n m e n t s  and (b )  t o  c r e a t e  and m a i n t a i n  a w i l l i n g n e s s  

on t h e  p a r t  o f  e a c h  member o f  t h e  g r o u p  t o  p e r u s e  a g r o u p  

m em ber’ s  c o d e d  s o l u t i o n  i n  e x c h a n g e  f o r  r e c e i v i n g  t h e  

same f ro m  t h a t  member.  S t u d e n t s  prog r a m m in g  i n  t h e  g r o u p  

e n v i r o n m e n t  w o u ld  s t i l l  w r i t e  p r o g r a m s  i n d i v i d u a l l y ;  b u t  

now t h e y  w o u l d  h a v e  o t h e r  p r o g r a m m e r s  t o  whom t h e y  c o u l d  

t u r n  f o r  h e l p  and who,  a t  t h e  same t i m e ,  m i g h t  b e  t u r n i n g  

t o  t h e m .

To s u b s t a n i a t e  t h e s e  c l a i m s  t h i s  s t u d y  i n v e s t i g a t e s  

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

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

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

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

s u c h  e x c h a n g e s  a r e  n o t  o n l y  e n c o u r a g e d  b u t  a r e  demanded.  

Two e x p e r i m e n t a l  i n s t r u c t i o n a l  m e t h o d s  i n  c o m p u t e r
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s c i e n c e  e d u c a t i o n ,  c o m b i n i n g  l e c t u r e  w i t h  g r o u p  

p r o g r a m m i n g ,  a r e  e x p l o r e d .  One  m eth od  e m p l o y s  f i x e d  

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

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

The e x p e r i m e n t  i s  d i v i d e d  i n t o  t h r e e  c o m p a r i s o n s .  

C o m p a r i s o n s  1 and 2 c o n t r a s t  t h e  pr ogr am m in g  s k i l l s  and  

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

t r a d i t i o n a l  mode,  l e c t u r e  and i n d i v i d u a l  p r o g r a m m i n g ,  t o  

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

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

g r o u p  p r o g r a m m in g .  C o m p a r i s o n  3 c o n t r a s t s  t h e  

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

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

w i t h i n  f i x e d  h e t e r o g e n e o u s  s t u d e n t  g r o u p s  and prog r a m m in g  

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

S p e c i f i c  q u e s t i o n s  t o  b e  i n v e s t i g a t e d  a r e :

1.  Do s t u d e n t s  who r e c e i v e  i n s t r u c t i o n  i n  t h e  f i x e d  

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

h i g h e r  l e v e l  o f  p r o gr am m in g  p r o f i c i e n c y ?

2 .  D o e s  t h e  i n d i v i d u a l  o p e r a t i n g  w i t h i n  t h e  f i x e d  

p r o g r a m m in g  g r o u p  o r  t h e  v a r i a n t  pr ogr am m ing  g r o u p  or  

p r o g r a m m in g  a l o n e  e x h i b i t  g r e a t e r  p r o gr am m in g

p e r s e v e r a n c e ?

3 .  Do s t u d e n t s  who work w i t h i n  t h e  f i x e d  g r o u p  

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

more  e f f i c i e n t  u s e  o f  t h e i r  t i m e  ( p e r t i n e n t  t o  t h e  

c o u r s e )  and c o m p u t e r  f a c i l i t i e s ?
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4 .  Do s t u d e n t s  who p r o g r a m  w i t h i n  t h e  - f i x e d  g r o u p  or  

v a r i a n t  g r o u p  o r  t r a d i t i o n a l  e n v i r o n m e n t  e x h i b i t  a  m ore  

p o s i t i v e  a t t i t u d e  t o w a r d  c o m p u t e r s  and c o m p u t e r  

p r o g r a m m i n g ?

T h r e e  s e c t i o n s  o f  an u n d e r g r a d u a t e  c o u r s e  i n  

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

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

i n v e s t i g a t o r  and c o v e r  t h e  sam e  m a t e r i a l ,  f r o m  t h e  same  

t e x t  and l e c t u r e  n o t e s  and a t  t h e  same p a c e .  The  

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

m eth od  o f  l e c t u r e  and i n d i v i d u a l  p r o g r a m m i n g ;  t h e  

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

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

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

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

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

p r o g r a m m in g  a s s i g n m e n t .

The e x p e r i m e n t  b e g i n s  w i t h  t h e  t h i r d  p r o g r a m m in g  

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

p r o g r a m m in g  a s s i g n m e n t s  and t h e  i n d i v i d u a l l y  t a k e n  

m id t e r m  and f i n a l  e x a m i n a t i o n s .

A s u r v e y  e n t i t l e d  A t t i t u d e  Toward C o m p u t e r s  and 

Com puter  P r o g r a m m in g  ( s e e  A p p e n d i x  P) i s  t a k e n  b y  a l l  

s t u d e n t s  a t  t h e  b e g i n n i n g  o f  t h e  s e m e s t e r .  At t h e  e n d  o f  

t h e  e x p e r i m e n t  s t u d e n t s  r e t a k e  t h e  s u r v e y  and  a r e  

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

c o u r s e .
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To a i d  i n  t h e  i n t e r p r e t a t i o n  o + t h e  d a t a  o b t a i n e d  i n  

C o m p a r i s o n s  i ,  2  and 3 ,  p a r t i c i p a t i o n  i n  a s e v e n t h  

p r o g r a m m in g  a s s i g n m e n t ,  a t e a m  p r o j e c t ,  i s  r e q u i r e d  o-f 

a l l  t h e  s t u d e n t s  i n  t h e  s t u d y .
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CHAPTER I I

REVIEW OF LITERATURE RELATED TO GROUP PROCESS AND
ATTITUDE

Group P r o c e s s

D e f i n i  t i  on

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

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

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

f a i l u r e  o f  b a s e b a l l  p l a y e r s  t o  a c t  c o h e s i v e l y  a s  a t eam  

i n  t h e  A l l - S t a r  game ( W e i n b e r g ,  1971)  or  t h e  i n a b i l i t y  o f  

t h e  members  o f  t h e  U n i t e d  N a t i o n s  t o  a c t  a s  a u n i f i e d  

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

h a s  m a jo r  i m p l i c a t i o n s  f o r  c o m m u n i c a t i o n  and i n f l u e n c e s  

d e c i s i o n - m a k i n g  p r o c e s s e s  and o t h e r  t a s k  p e r f o r m a n c e s  

t h a t  c h a r a c t e r i z e  a w e l 1 - f u n c t i o n i n g  g r o u p .

A c o h e s i v e  g r o u p  c a n  b e  d e f i n e d  a s  an e f f i c i e n t  and 

e f f e c t i v e  g r o u p  t h a t  i s  r e c o g n i z e d  by  i t s  mem bers  a s  

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

q u i c k l y  t h a n  t h e y  c o u l d  a l o n e .  In o r d e r  f o r  t h e  g r o u p  t o  

f u n c t i o n  s u c c e s s f u l l y ,  e a c h  member o f  t h e  g r o u p  must  b e  

an a c t i v e  p a r t i c i p a n t  and g r o u p  members must  work f o r  a 

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

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

( A l e c k ,  1959;  B r u c e ,  1 9 5 9 ;  G a t e s ,  1948;  J e w e l l  8< R e i t z ,  

19 8 1 ;  J o h n s o n ,  J o h n s o n ,  J o h n s o n  S< A n d e r s o n ,  1 9 7 6 ;  P i a g e t ,
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1 9 7 1 ;  T h i a b u t  & K e l l e y ,  1 9 5 9 ) .

H o w e v e r ,  i f  a  g r o u p  h a s  o n e  o r  more members  who h a v e  

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

o b j e c t i v e s ,  t h e  g r o u p  t e & d s  t o  b e c o m e  n o n - f u n c t i o n i n g  f o r  

a l l  m em b e r s .  Members o f  s u c h  c o l l e c t i v e s  g u a r d  t h e i r  

a s s e t s  j e a l o u s l y  and  a r e  n o t  a w a r e  o f  t h e  l i a b i l i t i e s  o f  

t h e m s e l v e s  t o  o t h e r s .  The  g r o u p  l a c k s  t h e  n e c e s s a r y  

c o h e s i o n  and t h e  mem bers  b e c o m e  a p a t h e t i c  o r  i n d i f f e r e n t .

T h i s  f a i l u r e  o f  o n e  o r  m ore  mem bers  t o  s h a r e  t h e  
g r o u p  g o a l s  a f f e c t s  t h e  g r o u p  p e r f o r m a n c e ;  n o t  o n l y  
t h r o u g h  t h a t  m e m b e r ' s  s h a r e  b u t  t h r o u g h  a r e d u c e d  
p e r f o r m a n c e  on t h e  p a r t  o f  o t h e r s ,  who i n v a r i a b l y  
p e r c e i v e  t h e  d i v i s i o n  w i t h i n  t h e  g r o u p  o r  t h e  
i n d i f f e r e n c e  o f  o n e  o f  t h e  m em b e r s .  ( W e i n b e r g ,
1 9 7 1 ,  p .  7 2 )

K e l l e y  and T h i a b u t  ( 1 9 5 4 )  d i s c u s s  an e x p e r i m e n t

c o n d u c t e d  b y  G u r n e e  i n  1 9 3 7  i n  w h i c h  g r o u p  p r o c e s s  w as

c om p a r e d  t o  i n d i v i d u a l  p r o c e s s .  Some i n d i v i d u a l s  w orked

t o g e t h e r  a s  g r o u p s  f o r  t r i a l s  # 2 - # 6  and made

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

w o r k i n g  a l o n e .  H ow ever  on  t h e  s e v e n t h  t r i a l  t h e  g r o u p

members w or k e d  a s  i n d i v i d u a l s  and made a l m o s t  a s  many

e r r o r s  a s  t h o s e  who had b e e n  w o r k i n g  i n d i v i d u a l l y

t h r o u g h o u t  t h e  e x p e r i m e n t .  The c o n c l u s i o n  was  t h a t :

A l t h o u g h  g r o u p s  p e r f o r m i n g  a s  g r o u p s  w e r e  m ore  
a c c u r a t e  t h a n  i n d i v i d u a l s ,  g r o u p  m em bers  s h o w e d  no  
e v i d e n c e  o f  s u p e r i o r  l e a r n i n g  i n  t h e i r  s u b s e q u e n t  
i n d i v i d u a l  p e r f o r m a n c e s .  ( p .  122)

G u r n e e  a t t r i b u t e d  t h e  c o r r e c t  d e c i s i o n  p r o m o t e d  by  

t h e  g r o u p  o v e r  t h e  i n d i v i d u a l s  a s  r e s u l t i n g  f r o m :  (a )

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

o f  t h e  g r o u p  and <b) t h e  i n d i v i d u a l s  i n  t h e  g r o u p  b e i n g  

s u b j e c t e d  t o  s o c i a l  i n f l u e n c e s  ( p r e s s u r e s )  c a u s i n g  a 

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

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

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

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

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

g r o u p  w orked  t o  p r o d u c e  t h e  c o r r e c t  g r o u p  s o l u t i o n .

In t h e  a n a l y s i s  o f  i n d i v i d u a l  d e c i s i o n s  made w i t h i n  

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

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

a l e a d i n g  r o l e  i n  p r e d i s p o s i n g  mem bers  t o  

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

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

i n  w h i c h  t h e  i n d i v i d u a l ' s  c o n t r i b u t i o n s  o r  s u g g e s t i o n s  

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

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

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

p r o b l e m - s o l v i n g  s i t u a t i o n .

K e l l e y  and T h i a b u t  s t a t e  t h a t  w i t h  c e r t a i n  t y p e s  o f  

t a s k s ,  among w h i c h  t h e y  l i s t  t h e  m ore  c o m p l e x  

i n t e l l e c t u a l  r e s p o n s e s  o f  p r o b l e m - s o l v i n g  ( e . g . ,  c o n c e p t  

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

e t c . ) ,  t h e  p r e s e n c e  o f  o t h e r s  makes  s u b j e c t s  more  

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

g r e a t e r  d e l a y  and a r e  m ore  c o m m o n p l a c e  i n  n a t u r e .
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T h i s  c l a i m  o f  t h e  d e l e t e r i o u s  e f f e c t  o f  s o c i a l  

f a c t o r s  i s  s u p p o r t e d  by  t h e  s t u d i e s  o f  Z a j o n c  ( 1 9 6 2 )  i n  

w h i c h  " t o g e t h e r "  s i t u a t i o n s  a r e  r e p o r t e d  t o  i n c r e a s e  t h e  

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

and d e c r e a s e  t h e  l i k l i h o o d  o f  l e s s  p r a c t i c a l  o n e s .  T h e r e  

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

k n o w l e d g e a b l e  member., o v e r w h e l m i n g  p o t e n t i a l l y  v a l u a b l e  

c o n t r i b u t i o n s  from  m i n o r i t i e s  ( M aie r  ?< S o l e m ,  19 5 2 )  and  

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

m em bers .

N e g a t i v e  c o n s e q u e n c e s  o f  s o c i a l  i n t e r a c t i o n  i n  g r o u p  

p r o b l e m - s o l v i n g ,  a l s o  c i t e d  by  Lamm and T r o m m s d o r f f  

( 1 9 7 3 ) ,  f o r  e x a m p l e ,  p r e s e n c e  o f  o t h e r s  n o t  c o n d u c i v e  t o  

v e r b a l i z a t i o n  o f  n o v e l  o r  c r e a t i v e  i d e a s ,  f e a r  o f  

c r i t i c i s m ,  d i s t r a c t i o n  by i d e a s  o f  o t h e r s ,  p r e s e n c e  o f  

d o m i n a n t  member,  a r e  n o t  s u p p o r t e d  i n  a s t u d y  d o n e  by  

F ' h i l i p s e n ,  Mulac and D i e t r i c h  ( 1 9 7 9 ) .

The l a t t e r  r e s e a r c h e r s  e x a m i n e d  t h e  e f f e c t  o f  s o c i a l  

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

g e n e r a t i o n  by a g r o u p  member.  The i n v e s t i g a t i o n ,  u s i n g  

f o u r - m e m b e r  g r o u p s ,  f o u n d  no  d i f f e r e n c e  i n  a m e a s u r e  o f  

p o s + - i  dea.  g e n e r a t i o n  d i s c u s s i o n  a f t e r  v o c a l i s a t i o n  t a s k s  

w r i t t e n  by  a r e a l  g r o u p  ( i . e . ,  f i x e d  f o r m a l  g r o u p )  and a 

n o m i n a l  g r o u p  ( i . e . ,  j o i n i n g  o f  f o u r  i n d i v i d u a l s '  

r e s u l t s ) .

F ' h i l i p s e n ,  Mulac  and D i e t r i c h  a g r e e  t h a t  t h e  

i n d i v i d u a l  w o r k i n g  a l o n e  i s  n o t  e x p o s e d  t o  s o c i a l
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d i s t r a c t i o n s ,  b u t  r e p o r t  t h a t  t h e  b e n e f i t s  d e r i v e d  -from 

c o g n i t i v e  s t i m u l a t i o n  b y  o t h e r  g r o u p  members  -far o u t w e i g h  

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

U s e  In E d u c a t i o n

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

new o r  o r i g i n a l  i d e a .  The e d u c a t i o n a l  p s y c h o l o g i s t ,  B e l l

( 1 9 7 8 b )  s t a t e s  t h a t :

A l t h o u g h  e x p o s i t o r y  t e a c h i n g  and t e a c h e r - c e n t e r e d  
d e m o n s t r a t i o n s  a r e  g o o d  s t r a t e g i e s  -for i n t r o d u c i n g  
• f a c t s ,  s k i l l s  and c o n c e p t s ,  t h e y  a r e  n o t  
p a r t i c u l a r l y  e f f e c t i v e  i n  p r o m o t i n g  i n - d e p t h  
l e a r n i n g  o f  . . . p r i n c i p l e s  . . . .  S t u d e n t s  c a n
l e a r n  a  g r e a t  d e a l  . . . f rom  e a c h  o t h e r  and c a n
i d e n t i f y  t h e i r  own a r e a s  o f  c o n f u s i o n  b y  a t t e m p t i n g  
t o  e x p l a i n  s k i l l s  c o n c e p t s  and p r i n c i p l e s  t o  o t h e r  
s t u d e n t s ,  ( p .  2 0 5 )

B r u n e r  ( 1 9 6 6 )  o f f e r s  f u r t h e r  s u p p o r t  f o r  t h e  

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

t h a t :

M e n ta l  d e v e l o p m e n t  d e p e n d s  upon s y s t e m a t i c  and  
s t r u c t u r e d  i n t e r a c t i o n s  b e t w e e n  t h e  l e a r n e r  and t h e  
t e a c h e r s ;  a  s t u d e n t ' s  " t e a c h e r s "  a r e  o t h e r  s t u d e n t s ,  
p a r e n t s ,  s c h o o l - t e a c h e r s ,  o r  a n y o n e  who c h o o s e s  t o  
i n s t r u c t  t h e  l e a r n e r .  ( p .  6)

P i a g e t  ( 1 9 7 3 )  c r i t i c i z e s  t h e

t r a d i t i o n a l  s c h o o l  t h a t  r e c o g n i z e s  o n l y  t h e  s o c i a l  
e x c h a n g e  t h a t  i s  c o n n e c t e d  w i t h  a t e a c h e r ,  who i s  a 
k i n d  o f  a b s o l u t e  r u l e r  i n  c o n t r o l  o f  m ora l  and  
i n t e l l e c t u a l  t r u t h  o v e r  e a c h  i n d i v i d u a l  s t u d e n t .

In  s u c h  a s c h o o l  c o l l a b o r a t i o n  among t h e  s t u d e n t s  
and  e v e n  d i r e c t  c o m m u n i c a t i o n  among th e m  a r e  . . .
e x c l u d e d  f r o m  c l a s s w o r k  and homework b e c a u s e  o f  t h e  
e x a m i n a t i o n  a t m o s p h e r e  and g r a d e s  t o  b e  m e t .  ( p .
108)

C o n t i n u i n g ,  P i a g e t  s t a t e s  t h a t  s i n c e  c o l l e c t i v e  

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

t h e  more  i n t e l l e c t u a l , ,  an " a c t i v e "  s c h o o l  e n v i r o n m e n t  

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

s t u d e n t s  t o  a l t e r n a t e  b e t w e n  i n d i v i d u a l  work and w o r k i n g  

i n  g r o u p s .

A c c o r d i n g  t o  b o t h  B r u n e r  and P i a g e t ,  t h e  o n e  t h i n g  

t h a t  many i n s t r u c t o r s  t e n d  n o t  t o  do i s  t o  e x p l o i t  t h e  

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

o t h e r .  On many o c c a s i o n s ,  s t u d e n t s  a r e  b e t t e r  a b l e  t o  

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

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

i n s t r u c t i o n  f r o m  t h e  t e a c h e r  < B e l l ,  1 9 7 8 a ;  McKuen & 

D a v i d s o n ,  1 9 7 5 ) .

A g r e e i n g  w i t h  P i a g e t  and B r u n e r ,  Brown ( 1 9 7 5 )  

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

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

human b e i n g s .  A l t h o u g h  a s t u d e n t  may l e a r n  by  d o i n g  

s o m e t h i n g  a l o n e ,  t h e  m e a n i n g  o f  w h at  i s  b e i n g  d o n e  i s  

r e a l i z e d  o n l y  t h r o u g h  t h e  s t u d e n t ' s  i n t e r a c t i o n  w i t h  

o t h e r  p e o p l e  (McKuen D a v i d s o n ,  19 7 5 ;  S t a n f o r d  S< R oar k ,

1 9 7 4 ) .

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

and o t h e r s  a s  " r e c i p r o c i t y "  and l i n k s  i t  t o  t h e  s t u d e n t ' s  

w i l l  t o  l e a r n .

F i n a l l y ,  a  word a b o u t  o n e  l a s t  i n t r i n s i c  m o t i v e  
t h a t  b e a r s  c l o s e l y  upon  t h e  w i l l  t o  l e a r n .  P e r h a p s  
i t  s h o u l d  b e  c a l l e d  r e c i p r o c i t y ,  f o r  i t  i n v o l v e s  a 
d e e p  human n e e d  t o  r e s p o n d  t o  o t h e r s  and t o  o p e r a t e  
j o i n t l y  w i t h  them  t o w a r d  an o b j e c t i v e  . . . .  I t  i s
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a b o u t  a s  p r i m i t i v e  an a s p e c t  o f  human b e h a v i o r  a s  we 
know . . . .  I t s  e x e r c i s e  s e e m s  t o  b e  i t s  s o l e  
r e s p o n s e  t h r o u g h  r e c i p r o c i t y  t o  o t h e r  members o f  
o n e ' s  s p e c i e s .  Where j o i n t  a c t i o n  i s  n e e d e d ,  w h e r e  
r e c i p r o c i t y  i s  r e q u i r e d  f o r  t h e  g r o u p  t o  a t t a i n  an 
o b j e c t i v e ,  t h e n  t h e r e  s e e m  t o  b e  p r o c e s s e s  t h a t  
c a r r y  t h e  i n d i v i d u a l  a l o n g  i n t o  l e a r n i n g ,  s w e e p  him  
i n t o  a c o m p e t e n c e  t h a t  i s  r e q u i r e d  i n  t h e  s e t t i n g  o f  
t h e  g r o u p .  We know p r e c i o u s  l i t t l e  a b o u t  t h i s  
p r i m i t i v e  m o t i v e  t o  r e c i p r o c a t e ,  b u t  w h at  we d o  know 
i s  t h a t  i t  c a n  f u r n i s h  a d r i v i n g  f o r c e  t o  l e a r n  a s  
w e l l " '  (p .  125 )

S m a l l  Group P r o b l e m - S o l v i n g  In The C l a s s r o o m

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

J o h n s o n  and J o h n s o n  <1979)  c o n d u c t e d  an e x p e r i m e n t  i n  an 

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

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

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

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

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

d i f f e r e n t  b a c k g r o u n d s ,  p e r s p e c t i v e s  and s k i l l s  f o r  " t h e  

m o s t  p o w e r f u l  p r o b l e m - s o l v i n g  s i t u a t i o n "  <p. 2 7 ) ,  random  

m e t h o d s  w e r e  u s e d  t o  form  four—member g r o u p s .

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  t h a t  c o o p e r a t i v e  

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

a l t e r n a t i v e  i d e a s ,  i n v e n t  t e s t s  t o  t r y  o u t  e a c h  o t h e r ' s  

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

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

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

s e l f - e s t e e m  and a m ore  p o s i t i v e  a t t i t u d e  t o w a r d  s c i e n c e .

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

( c o n c u r r i n g  w i t h  f i n d i n g s  by  D a v i d s o n ,  1 9 7 4 )  was t h e  t i m e
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t h a t  was s a v e d  -from h a v i n g  t o  r e p e a t  d i r e c t i o n s ,  a s  

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

w h a t  t o  d o .

D a v i d s o n ,  A g r e e n  and D a v i s  ( 1 9 7 8 )  e m p l o y e d  t h e  s m a l l  

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

c l a s s .  H o p in g  t h a t  i n c o m p a t i a b l e  p e r s o n a l i t y  

c o m b i n a t i o n s  w o u ld  be  a v o i d e d  ( s e e  s t u d i e s  d o n e  by  

H o f f m a n ,  1 9 7 9 ) ,  s t u d e n t s  w e r e  p e r m i t t e d  t o  -form t h e i r  own 

g r o u p s .  T h i s  m eth o d  r e s u l t e d  i n  f o r m i n g  a f e w  

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

s l o w e r  o r  f a s t e r  l e a r n e r  t o  move a l o n g  a t  h i s  o r  h e r  own 

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

a d i s a s t e r  more  o f t e n  t h a n  n o t "  ( p .  2 5 ) .

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

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

r e a d i l y  a v a i l a b l e .  Q u e s t i o n s  w e r e  f r e e l y  a s k e d  and  

a n s w e r e d ,  and e v e n  t h e  s h y  s t u d e n t  f o u n d  i t  e a s y  t o  b e  

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

more r e l a x e d  and p l e a s a n t  t h a n  i n  a t r a d i t i o n a l  a p p r o a c h .  

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

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

l e a r n e r s  l i k e d  math more ,  o r  a t  l e a s t  h a t e d  i t  l e s s ,  t h a n  

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

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

d i f f i c u l t y  i n v o l v e d  i n  f o r m i n g  e f f e c t i v e  w o r k i n g  g r o u p s ,  

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

G o l d b e r g ,  N o t e  2)  and p e r s i s t a n t  a b s e n t e e i s m .  T h o s e

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



www.manaraa.com

18

s t u d e n t s  who - f r e q u e n t l y  m i s s e d  work w e r e  n o t  s u p p o r t e d  by  

t h e  o t h e r  g r o u p  members  who w e r e  r e l u c t a n t  t o  t a k e  t h e  

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

o-f D a v i d s o n  <1974)  who s t a t e s  t h a t  when u s i n g  t h e  g r o u p  

s i t u a t i o n  t o  l e a r n  m a t h e m a t i c s ,  t h e  g r o u p  was  an 

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

on  t h e  work t h e y  had m i s s e d  w h i l e  a b s e n t .

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

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

q u e s t i o n s  and h a v i n g  e x t r o v e r t e d  s t u d e n t s  d o m i n a t e  c l a s s  

d i s c u s s i o n s  and  o v e r w h e l m  i n t r o v e r t e d  s t u d e n t s  who had  

u n a s k e d  q u e s t i o n s ,  A r t z t  ( 1 9 7 9 )  f o r m e d  t e a m s  i n  a 

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

A r t z t  u s e d  t h i s  m e t h o d  i n  f i v e ,  5 0  m i n u t e  c l a s s e s  a 

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

t e a m s  o f  f o u r ,  f i v e  o r  s i x  members t h a t  w ou ld  c h a n g e  a t  

t h e  c o m p l e t i o n  o f  a g i v e n  u n i t  o f  w o r k .  The c l a s s  w o u ld  

h a v e  f i v e  t o  s e v e n  t e a m s  and e a c h  h a n d e d  i n  o n e  c o p y  o f  

t h e  p r e v i o u s  n i g h t ' s  homework,  c o r r e c t e d  by t h e  g r o u p  and  

d e s i g n a t e d  a s  t h e  t e a m ' s  homework,  b e s i d e s  s u b m i t t i n g  

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

and  g r a d e s .

The i n s t r u c t o r  a t t e m p t e d  t o  f o s t e r  g r o u p  i n t e r a c t i o n  

b y  p e n a l i z i n g  t e a m s  f o r  i n c o r r e c t  s t a t e m e n t s  i n  t eam  

h om ework ,  m i s s i n g  homework f ro m  t e a m  m em bers ,  l a t e  

a r r i v i n g  t e a m  mem bers ,  r e c e i v i n g  t h e  l o w e s t  t eam  a v e r a g e  

on  a  q u i z  and an y  d i s c i p l i n a r y  a c t i o n  n e c e s s i t a t e d  by  a
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t e a m  member.

A r t z t  -found t h e  - f i r s t  g r o u p i n g  t o  b e  o f  f r i e n d s  but  

a f t e r  t h e  f i r s t  a s s i g n m e n t ,  w e a k e r  g r o u p s  demanded  

e q u a l i z a t i o n .

The d e s i r e  t o  c r e a t e  t e a m s  o f  e q u a l  s t r e n g t h  f o r c e d  
t e a m s  t o  f i n d  mem bers  o f  d i f f e r e n t  a b i l i t i e s ;  s u c h  
b a l a n c i n g  w a s  t o  e v e r y b o d y ' s  a d v a n t a g e .  <p. 5 0 7 )

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

( i . e . ,  t h o s e  s t u d e n t s  who w e r e  on t h e  R e g e n t s  t r a c k ) ,  t h e

d i f f e r e n c e s  b e t w e e n  t h e  s t u d e n t s  w as  n o t  w i d e ,  and s o  i t

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

D u r i n g  t h e  e i g h t e e n t h  week o f  t h e  y e a r  t h e  t e a m s  had

s t a b i l i z e d  t o  e v e r y o n e ' s  s a t i s f a c t i o n .

I t  w as  d e t e r m i n e d  t h a t  t h e  s t u d e n t s  w e r e  g e t t i n g

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

h i g h e r  on t h e  R e g e n t s  exam t h a n  o t h e r  c l a s s e s  and t h a n

t h e  i n s t r u c t o r ' s  own c l a s s e s  i n  p r e v i o u s  y e a r s .

A n o t h e r  r e s u l t  r e p o r t e d  b y  t h e  e x p e r i m e n t e r  w a s  an 

i m p r o v e d  a t t i t u d e  t o w a r d  math i n  s l o w e r  s t u d e n t s ;  How 

t h e  a t t i t u d e  i m p r o v e m e n t  w as  a s s e s s e d  i s  n o t  e x p l a i n e d  

n o r  d o e s  A r t z t  comment  on t h e  i n c r e a s e  i n  p a p e r  work f o r  

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

m o r a l l y  r e s p o n s i b l e  f o r  t h e i r  team  m embers '  a c t i o n s .

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

e d u c a t i o n ,  G a r i b a l d i  ( 1 9 7 9 )  c o n d u c t e d  a s m a l l - s c a l e  

i n v e s t i g a t i o n  t o  a s s e s s  t h e  a f f e c t i v e  b e n e f i t s  o f  u s i n g  

c o o p e r a t i v e  and g r o u p  g o a l  s t r u c t u r e s  on t w o  

p r o b l e m - s o l v i n g  t a s k s .  W orking  w i t h  9 2  h i g h  s c h o o l
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s t u d e n t s  r a n d o m l y  a s s i g n e d  t o  o n e  o f  f o u r  e x p e r i m e n t a l  

c o n d i t i o n s  ( t w o - p e r s o n  p u r e  c o o p e r a t i o n ,  t w o - p e r s o n  g r o u p  

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

t w o - p e r s o n  i n t e r p e r s o n a l  c o m p e t i t i o n ) ,  G a r i b a l d i  f o u n d  

t h a t  s t u d e n t s  who w orked  i n  g r o u p - c o o p e r a t i o n  and  

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

c e r t a i n t y  a b o u t  t h e i r  a n s w e r s  and d e m o n s t r a t e d  more  

e n j o y m e n t  o f  t a s k s  t h a n  s t u d e n t s  who w or k e d  a l o n e  

( i n t e r p e r s o n a l  c o m p e t i t i o n  o r  i n d i v i d u a l i z a t i o n ) .

E m p l o y i n g  a L i k e r t - t y p e  q u e s t i o n n a i r e ,  G a r i b a l d i  ■’ s  

r e s u l t s  s u p p o r t  t h o s e  f o u n d  b y  J o h n s o n  and J o h n s o n  ( 1 9 7 9 )  

and G o l d b e r g  ( N o t e  2 )  t h a t  s t u d e n t s  who c o o p e r a t e  p e r f o r m  

b e t t e r ,  h a v e  a more  f a v o r a b l e  a t t i t u d e  t o w a r d  p e e r s  and  

t a s k s  and i n d i c a t e  a h i g h e r  d e g r e e  o f  c o m m itm e n t  t o  t h e i r  

a n s w e r s  t h a n  do  s t u d e n t s  who c o m p e t e  o r  work 

i  n d i  v i  d u a l 1 y .

In  a d d i t i o n ,  G a r i b a l d i  c o n c l u d e d  t h a t  i n d i v i d u a l  

c o m p e t i t i o n  a p p e a r e d  t o  b e  " i n e f f e c t i v e  i n  p e r f o r m a n c e  

i m p r o v e m e n t  f o r  l o w  a c h i e v e r s "  ( p .  7 9 4 ) ;  w h i l e  l o w  

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

i m p r o v e d  i n  p e r f o r m a n c e  (number  o f  c o r r e c t  a n s w e r s )  

s i g n i f i c a n t l y .

S i m i l a r  r e s u l t s  a r e  t o  b e  f o u n d  i n  t h e  s t u d i e s  d o n e  

by Goldman ( 1 9 6 5 )  i n  w h i c h  u n d e r g r a d u a t e  s t u d e n t s  o f  

d i f f e r e n t  a b i l i t i e s  w o r k e d  i n  p a i r e d  g r o u p s  on  p r o b l e m s  

i n  t h e  W o n d e r l i c  I n t e l l i g e n c e  T e s t .  The p a r t n e r  p a i r e d  

w i t h  t h e  s t u d e n t  a b o v e  h i s  l e v e l  was r e p o r t e d  t o  h a v e
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im p r o v e d  s i g n i f i c a n t l y  o v e r  t h e  i n d i v i d u a l  who was  p a i r e d  

w i t h  a p a r t n e r  a t  o r  b e l o w  h i s  l e v e l .

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

k n o w l e d g e a b l e  g r o u p  member d o m i n a t i n g  t h e  g r o u p  a n s w e r ,  

t h e r e b y  n e c e s s i t a t i n g  t h e  l e a r n i n g  o f  t h e  l o w - a b i l i t y  

s t u d e n t  t o  b e  a s s e s s e d  by o t h e r  m e a n s .

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

•for m a t h e m a t i c s  i n s t r u c t i o n  on t h e  u n d e r g r a d u a t e  l e v e l  

w a s  d o n e  by  G o l d b e r g  ( N o t e  2 ) .  H e t e r o g e n e o u s  t e a m s  o f  

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

T h e s e  g r o u p s  w o r k e d  on a s s i g n m e n t s  t o g e t h e r  i n  c l a s s  and  

o u t s i d e .  They  c o u l d  d i v i d e  e a c h  a s s i g n m e n t  i n t o  s e c t i o n s  

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

c o u l d  e l e c t  t o  work on t h e  e n t i r e  s o l u t i o n  t o g e t h e r .  

E i t h e r  way t h e y  w e r e  r e q u i r e d  t o  d i s c u s s ,  e d i t  and s u b m i t  

a s i n g l e  w r i t t e n  s o l u t i o n  t o  t h e  i n s t r u c t o r .

G o l d b e r g  f o u n d  t h a t :

The g r a d e s  f o r  t h e  s e m e s t e r  d e t e r m i n e d  i n  t h i s  
f a s h i o n  w e r e  h i g h e r  t h a n  t h o s e  u s u a l l y  g i v e n  t o  
s t u d e n t s  t a k i n g  t h e  same c l a s s  w i t h  me.  The g r o u p  
a s s i g n m e n t  s c o r e s  w e r e  g e n e r a l l y  b e t t e r  t h a n  t h o s e  
o f  i n d i v i d u a l s ,  b u t  s o  w e r e  t h e  m id t e r m  and f i n a l  
s c o r e s  and t h e s e  w e r e  o b t a i n e d  i n d i v i d u a l l y .  R a t h e r  
t h a n  w a s t i n g  l e c t u r e  t i m e  f o r  g r o u p  d i s c u s s i o n s  ( a s  
m o st  i n s t r u c t o r s  f e a r  w i l l  h a p p e n  i n  i n n o v a t i v e  
t e a c h i n g ) , t h e  s u b j e c t  m a t t e r  c o v e r e d  i n  t h e  c o u r s e  
w a s  t h e  m o s t  e x t e n s i v e  i n  my e x p e r i e n c e .  ( p .  5)

A d e p a r t m e n t a l  e v a l u a t i o n  q u e s t i o n n a i r e  e l i c i t e d

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

m e t h o d .  S t u d e n t s  f e l t  t h e y  w e r e  b e t t e r  a b l e  t o  " d i g e s t "

t h e  m a t e r i a l  i n  t h e  p l e a s a n t  s o c i a l l y - o r i e n t e d
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e n v i r o n m e n t  b u t  w e r e  b u r d e n e d  by  t h e  t i m e  r e q u i r e m e n t  -for

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

C o o p e r a t i v e  p r o b l e m - s o l v i n g  i s  v i e w e d  by  L i g h t n e r

( 1 9 8 1 )  a s  t h e  e x p o s i n g  o f  t h e  i n d i v i d u a l s  i n  t h e  g r o u p

m i l i e u  t o  a s p e c t s  o f  a p r o b l e m  s i t u a t i o n  w h ic h  may o r  may

n o t  h a v e  had t h e  same w e i g h t  o r  i m p r i n t  t o  them  i n  an

i s o l a t e d  and i n d i v i d u a l i s e d  m i l i e u .

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

p a r t i c i p a n t  when h e / s h e  i s  f o r c e d ,  by  i n t e r a c t i o n ,  t o

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

p l a u s i b l e  s o l u t i o n  and when t h e  a l t e r n a t i v e  s o l u t i o n s  o f

g r o u p  mem bers  p o i n t  o u t  t h e  r e l e v a n c e s  and i r r e l e v a n c e s

o f  t h e  p r o b l e m .

T h i s  d i s t i l l a t i o n  p r o c e s s ,  w h i l e  p o s s i b l y  l e a d i n g  t o  
t h e  same s o l u t i o n  a s  some p a r t i c i p a n t s  m i g h t  
c o n c e i v e  o u t  o f  i s o l a t i o n  o r  i n d i v i d u a l  s t u d y ,  d o e s  
h a v e  a  d i s t i n c t  l e a r n i n g  a d v a n t a g e  o f  s y s t e m a t i z i n g  
t h e  p r o b l e m - s o l v i n g  a p p r o a c h .  I t  g i v e s  e a c h  g r o u p  
member a m ore  i n t u i t i v e  u n d e r s t a n d ! n g  o f  t h e  i s s u e s  
and f o r c e s  w h ic h  b e a r  upon t h e  s o l u t i o n  o f  t h e  
p r o t i l  em. <p . 5 .  )

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

i n t o  a m ore  r a p i d  a c h i e v e m e n t  o f  k n o w l e d g e  and s u b j e c t

m a t t e r .

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

L i g h t n e r  c o n d u c t e d  a c o m p a r a t i v e  e x p e r i m e n t  i n  

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

t r a d i t i o n a l  l e c t u r e  f o r m a t  i n  F a l l  1 9 7 7  and g r o u p  

p r o b l e m - s o l v i n g  i n  t h e  S p r i n g  1 9 7 8 .  The e x p e r i m e n t e r  

e x p e c t e d  t h a t  t h e  g r o u p  m i l i e u  w o u ld  c h a n g e  s t u d e n t s - '
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p a s s i v e  l e a r n i n g  a t t i t u d e s  and f o s t e r  s h a r i n g  and  

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

s t u d e n t s - ’ c o m p r e h e n s i o n  o f  t h e  s u b j e c t  m a t t e r  w h i l e  

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

t h e  a c c o u n t i n g  m a j o r .

The same f o u r  e x a m i n a t i o n s  w e r e  a d m i n i s t e r e d  t o  b o t h  

t h e  F a l l  and S p r i n g  c l a s s e s ,  b u t  t o  e n c o u r a g e  g r o u p  

i n t e r a c t i o n ,  L i g h t n e r  o f f e r e d  t h e  s t u d e n t s  i n  t h e  

e x p e r i m e n t a l  c l a s s e s  an a d d i t i o n a l  maximum o f  f i v e  p o i n t s  

f rom  t h e  e x a m i n a t i o n  g r a d e s  o f  t h e i r  g r o u p  mem bers .

T h e s e  a d d i t i o n a l  p o i n t s  f o r  g r o u p  e f f o r t  w e r e  o b t a i n e d  by  

f i n d i n g  57. o f  t h e  a v e r a g e  o f  t h e  t e a m  e x a m i n a t i o n  s c o r e s .  

In t h i s  manner i t  w as  p o s s i b l e  f o r  a t e a m  member t o  

a c h i e v e  a s c o r e  o f  1 0 5  on  t h e  e x a m i n a t i o n s .

T e s t i n g  f o r  h o m o g e n i t y  i n  t h e  g r o u p  and n o n - g r o u p e d  

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

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

r e s u l t s  show ed  a marked d i f f e r e n c e  i n  l e a r n i n g  ( i . e . ,  a 

h i g h e r  mean e x a m i n a t i o n  s c o r e  b e t w e e n  t h e  t w o ) .

L i g h t n e r  a g r e e s  w i t h  G a r i b a l d i  t h a t  t h e  

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

t h e  a c a d e m i c a l l y  p o o r e r  s t u d e n t s "  ( p .  B ) . E x a m i n i n g  t h e  

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

d e v i a t i o n s  f r o m  t h e  mean,  d e m o n s t r a t e d  t h a t  t h e  

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

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

s i t u a t i o n .  T h i s  c o n t r a d i c t s  t h e  r e s u l t s  o f  a  s t u d y
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c o n d u c t e d  b y  McLeod and Adams ( 1 9 7 9 ) ,  i n  w h ic h  s l o w  

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

t h e i r  g r o u p  and t h e r e  w e r e  s t u d e n t s  who - f e l l  b e h i n d  t o o  

•far t o  p r o f i t  f rom  g r o u p  d i s c u s s i o n .

The b e t t e r  s t u d e n t s  i n  L i g h t n e r ' s  s t u d y  w e r e  

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

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

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

u n d e r  e i t h e r  g r o u p  o r  n o n - g r o u p  s e t t i n g s .

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

r e q u i r e d  a s  g r o u p  members  and t h e  e x i s t e n c e  o f  d i v e r g e n t  

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

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

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

c r e a t i o n  o f  more c o o p e r a t i o n  and i n t e r e s t  n e e d e d  f o r  

p r o f e s s i o n a l  a c c o u n t i n g  a c t i v i t i e s  fo rm  a s t r o n g  c a s e  f o r  

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

a c c o u n t i n g  e d u c a t i o n .

S i m i l a r  r e s u l t s  a r e  t o  b e  f o u n d  i n  a r e c e n t  s t u d y  by  

K in g  ( 1 9 7 S )  i n  n u r s i n g  e d u c a t i o n .  K i n g ' s  c o u r s e ,  

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

g r o u p  p r o c e s s  was  b a s e d  on B r o w n ' s  ( 1 9 7 5 )  s t a t e m e n t  t h a t  

a l t h o u g h  a s t u d e n t  may l e a r n  by  d o i n g  s o m e t h i n g  a l o n e ,  

t h e  m e a n i n g  o f  t h e  t a s k  i s  r e a l i z e d  o n l y  t h r o u g h  

i n t e r a c t i o n  w i t h  o t h e r  p e o p l e .

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

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

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

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

m i x e d ,  b u t  a s  t h e  t e r m  p r o g r e s s e d  t h e  s t u d e n t s  becam e

m ore  i n v o l v e d  w i t h  e a c h  o t h e r ' s  w o r k .  I d e a s  w e r e

e x c h a n g e d  and - f e e l i n g s  w e r e  s h a r e d .  At t h e  end o-f t h e

c o u r s e  t h e  r e s p o n s e s  w e r e  p o s i t i v e .

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

p e r f o r m a n c e s ,  K in g  r e p o r t s  t h a t  t h e

s u b s t a n i a l  i n t e r a c t i o n  i n  t h e  t a s k  g r o u p s  . . .
p r o v i d e d  a much f i n e r  s u p p l y  o f  i n f o r m a t i o n  t h a n  
t h a t  w h i c h  e m e r g e d  f r o m  t h e  l a r g e r  g r o u p ,  w h e r e  o n l y  
t w o  o r  t h r e e  s t u d e n t s  c o u l d  p r e s e n t  t h e i r  
i n f o r m a t i o n  and  t h e  r e s t  p a s s i v e l y  l i s t e n .  (p .  24 )

A t t i t u d e s

A t t i t u d e s  and B e h a v i o r

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

s i n g l e ,  f i n a l  d e f i n i t i o n  ( S c o t t ,  1 9 6 8 ;  Shaw ?•: W r i g h t ,  

1 9 6 7 ) .  A l l p o r t  ( 1 9 3 5 )  d e f i n e s  a t t i t u d e  a s  a m e n t a l  and  

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

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

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

w h ic h  i t  i s  r e l a t e d .

D i s a g r e e i n g  w i t h  A l l p o r t ,  B a i n  ( 1 9 2 8 )  and H o r o w i t z  

and H o r o w i t z  ( 1 9 3 8 )  v i e w  a t t i t u d e s  a s  e s s e n t i a l l y  t h e  

r e s p o n s e  r a t h e r  t h a n  a s e t  t o  r e s p o n d .  S t u d i e s  by  S h e r i f  

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

i n d i v i d u a l ’ s  s e t  o f  c a t e g o r i e s  f o r  e v a l u a t i n g  a 
s t i m u l u s  d o m a in  i n  i n t e r a c t i o n  w i t h  o t h e r  p e r s o n s  
and w h i c h  r e l a t e  t h e  i n d i v i d u a l  t o  v a r i o u s  s u b s e t s  
w i t h i n  t h e  d om ain  w i t h  v a r y i n g  d e g r e e s  o f  p o s i t i v e  
o r  n e g a t i v e  e f f e c t .  ( p .  1 1 5 )

A t t i t u d e ,  d e f i n e d  i n  t h e  a b o v e  m a n n e r ,  c a n  t h e n  b e  

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

t h e  i n d i v i d u a l .  H o w e v e r ,  a t t i t u d e s  may a l s o  b e  v i e w e d  i n  

c a u s a l  r e l a t i o n s h i p s .  Z n a n i e c k i  ( 1 9 3 9 )  a t t e m p t s  t o  make 

a d i s t i n c t i o n  b e t w e e n  a t t i t u d e s ,  o p i n i o n s  and k n o w l e d g e  

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

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

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

F u r t h e r  d i s t i n c t i o n s  a r e  made b y  H a r t l e y  ( 1 9 6 8 ) ,  who 

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

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

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

e m o t i o n s  and m o t i v a t i o n s "  ( p .  9 2 ) .

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

a l l  s o c i a l - p s y c h o ! o g i c a l  r e s e a r c h .  No t h e o r y  o f  s o c i a l  

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

a t t i t u d e  f u n c t i o n i n g  and i t  i s  d o u b t f u l  t h a t  "complex  

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

a t t i t u d e s "  (Shaw & W r i g h t ,  1 9 6 7 ,  p .  1 4 ) .  Whether  t h e  

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

r e s p o n d  o r  on t h e  r e s p o n s e  i t s e l f ,  a t t i t u d e s  a r e  l i n k e d  

t o  t h e  b e h a v i o r  o f  t h e  i n d i v i d u a l .

In t h e  s t u d i e s  d o n e  by  F i s h e i n  and A j c e n  ( 1 9 7 4 ,
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1 9 7 5 ) ,  a t t i t u d e s  and s u b j e c t i v e  no r m s  a s s u m e  a c e n t r a l  

p o s i t i o n  i n  t h e  e t i o l o g y  o f  b e h a v i o r  by  m e a n s  o f  t h e i r  

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

on b e h a v i o r .

The s u b j e c t i v e  norm, w h i c h  i s  a  m e a s u r e  o f  t h e  

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

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

r e g a r d i n g  w h e t h e r  t h o s e  r e f e r e n t s ,  who a r e  i m p o r t a n t  t o  

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

g i v e n  b e h a v i o r .

B e n t l e r  and S p e c k a r t  ( 1 9 7 9 )  e x p a n d  on t h i s  t h e o r y  

and o f f e r  a g e n e r a l i z e d  a t t i t u d e  b e h a v i o r - r e l a t i o n s  model  

( s e e  F i g u r e  1) i n  w h i c h  a t t i t u d e  i s  p r o p o s e d  t o  h a v e  a 

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

i n f l u e n c e  on b e h a v i o r  by  m ea n s  o f  c o g n i t i o n - c o n a t i o n  

i n t e n t i o n s "  ( p .  4 5 5 ) .
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R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission



www.manaraa.com

29

Z im b a r d o  and E b b e s e n  ( 1 9 7 0 )  v i e w  a t t i t u d e s  a s  

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

t h a n  i n n a t e .  T hus  e v e n  t h o u g h  a t t i t u d e s  a r e  n o t  

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

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

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

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

t h e  b e h a v i o r  i n  q u e s t i o n .

A t t i t u d e  C h an ge  and E r o u p s

Z im b a r d o  and E b b e s e n  ( 1 9 7 0 )  s t a t e  t h a t  s i n c e  

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

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

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

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

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

d i s c o n t e n t  w i t h  t h e  s t a t u s  q u o .

U s u a l l y  when t h e  r e s e a r c h e r  ( i n s t r u c t o r )  w i s h e s  t o  

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

i s  made t o  b r i n g  a b o u t  a c c e p t a n c e  o f  t h e  p r o p o s i t i o n  t h a t  

t h e  a t t i t u d e  o b j e c t  p o s s e s s e s  p o s i t i v e l y  v a l u e d  

a t t r i b u t e s  ( H o v l a n d ,  J a n i s ,  ?! K e l l e y ,  1 9 5 3 ;  K i e s l e r ,

C o l l i n s  ?< M i l l e r ,  1 9 6 9 ) .  W i t h i n  t h e  g r o u p  m i l i e u  t h i s  

o c c u r s  when t h e  g r o u p  b e c o m e s  a s o u r c e  o f  

n e e d - s a t i s f a c i o n  f o r  t h e  i n d i v i d u a l  s t u d e n t .  By 

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

o b t a i n s  r e w a r d s  ( i . e . ,  d e c r e a s e  i n  f r u s t r a t i o n  and
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a n x i e t y ,  d e c r e a s e  i n  t i m e  w a s t e d ,  i n c r e a s e  i n  s u c c e s s  i n  

r u n n i n g  a p r o g r a m )  w h ich  l e a d  t o  n e e d - s a t i s f a c t i o n ,  and  

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

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

T h i s  m ethod  o f  a t t i t u d e  m a n i p u l a t i o n  may h a v e  more  

s u c c e s s  t h a n

a d i r e c t  a t t a c k  on t h e  n o n d e s i r a b l e  e v a l u a t i o n  
t h a t  w o u ld  b e  e f f e c t i v e  o n l y  t o  t h e  e x t e n t  t h a t  
a s s o c i a t e d  c o n c e p t s  a r e  c h a n g e d  or  t h a t  t h e  
e v a l u a t i o n  r e f l e c t e d  b y  e x i s t i n g  . . . c o n c e p t s  i s
a l t e r e d .  (Shaw S< W r i g h t ,  p .  1 3 2 ) .

A c c o r d i n g  t o  Kelman ( 1 9 5 8 ) ,  t h e r e  a r e  t h r e e  t h e o r i e s  

o f  a t t i t u d e  c h a n g e  w i t h i n  a g r o u p  e n v i r o n m e n t :

1. C o m p l i a n c e .  T h i s  o c c u r s  when t h e  i n d i v i d u a l  

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

f ro m  t h e  g r o u p  ( i . e . ,  t o  r e c e i v e  r e w a r d s ,  a p p r o v a l ; t o  

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

2 .  I d e n t i f i c a t i o n .  T h i s  o c c u r s  when t h e  i n d i v i d u a l  

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

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

g r o u p .

3 .  I n t e r n a l i z a t i o n .  T h i s  o c c u r s  when t h e  i n d i v i d u a l  

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

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

r e w a r d i  n g .

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

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

a d j u s t m e n t .  However  t h e  s u c c e s s  o f  any  g r o u p  t e c h n i q u e  

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

a s  b e i n g  a  member o f  t h e  g r o u p .

A t t i t u d e s  and L e a r n i n g  In G r o u p s

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

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

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

The  d e v e l o p m e n t  o f  p o s i t i v e  a t t i t u d e s  t o w a r d  a 
s u b j e c t  a s s i s t s  t h e  s t u d e n t  b o t h  i n  m a s t e r i n g  t h e  
c o g n i t i v e  a s p e c t s  o f  t h e  c o u r s e  m a t e r i a l s  and i n  
p u r s u i n g  a p p l i c a t i o n  and f u r t h e r  s t u d y  o f  t h e  
m a t e r i a l s  a f t e r  a c o u r s e  h a s  e n d e d .  < F l e t c h e r ,
1 9 5 8 ,  p .  8 6 1 )

S t a n f o r d  and  Roark <1974)  r e p o r t  t h a t  g r o u p s  h a v e

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

b e c a u s e  o f  t h e  c o n c e p t  o f  t h e

t e a c h e r  a s  an i n f o r m a t i o n  d i s p e n s e r  and s t u d e n t s  a s  
i n f o r m a t i o n  r e c e p t a c l e s .  T h i s  a p p r o a c h  h a s  a l s o  
b e e n  comm only  e m p h a s i z i n g  i n d i v i d u a l  
a c c o m p l i s h m e n t s ,  and d e - e m p h a s i z i n g  c o o p e r a t i v e  
e n d e a v o r s .  The r e s u l t  h a s  b e e n  a h i g h l y  c o m p e t i t i v e  
s y s t e m  w h i c h  e m p h a s i z e s  i n d i v i d u a l  r a t h e r  t h a n  g r o u p  
a t t a i n m e n t .  <p. 5 4 8 )

C a r l  W e in b e r g  <1966)  s t a t e s  t h a t  i n  t h e  t r a d i t i o n a l  

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

hamper t h e  l e a r n i n g  p r o c e s s  by  p r o m o t i n g  a s p i r i t  o f  

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

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

and i n t e r f e r e  w i t h  p r o b l e m - s o l v i n g  a b i l i t i e s .

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

i n  s t u d i e s  by  Ex l i n e  <1963)  i n  w h i c h  g o a l  a c h i e v e m e n t ,  

p r o b l e m - s o l v i n g  a b i l i t y ,  a g g r e s s i v e  b e h a v i o r  and 

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

S i n c e  a t t i t u d e s  h a v e  b e e n  shown t o  h a v e  an 

a f  f  i  3. i a t i  v e  d i m e n s i o n ?  g u i d i n g  t h e  f o r m a t i o n  o f  

i n t e r p e r s o n a l  t i e s  d e r i v i n g  from  g r o u p  m em b e r s h ip ?  

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

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

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

o n e s ?  f o r  c l a s s r o o m  l e a r n i n g .

J o h n s o n  and J o h n s o n  ( 1 9 7 8 )  s t a t e  t h e r e  i s  c o n s i s t e n t  

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

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

a t t i t u d e s  a r e  p r o m o t e d  t o w a r d  s u b j e c t  a r e a  and  

i n s t r u c t i o n a l  e x p e r i e n c e s .

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

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

and J o h n s o n  Cl9 8 0 )  i s  t h e  r e l a t i o n s h i p s  s t u d e n t s  d e v e l o p  

w i t h  p e e r s .

W i t h i n  t h e  g r o u p ?  s t u d e n t s  r e c e i v e  s u p p o r t  f o r  t h e  
p e r c e p t i o n  t h a t  t h e y  c a n  be  s u c c e s s f u l  i f  t h e y  t r y  
t o  a c h i e v e  and s o  s u c c e s s f u l  c o o p e r a t i v e  l e a r n i n g  
g r o u p s  t h o s e  i n  w h i c h  s u p p o r t i v e  and c a r i n g  p e e r  
r e l a t i o n s h i p s  d e v e l o p  h a v e  b e e n  d e t e r m i n e d  t o  
r e s u l t  i n  h i g h e r  a c h i e v e m e n t  and more p o s i i t i v e  
a t t i t u d e s  t o w a r d  s u b j e c t  a r e a s .  ( p .  4 3 )

A g r e e i n g  w i t h  t h e s e  f i n d i n g s ,  Schmuck and  Schmuck

( 1 9 7 1 )  r e p o r t  t h a t  a s t u d e n t ’ s  p e r c e p t i o n  o f  h o l d i n g  lo w

s t a t u s  (m ore  t h a n  t h e  f a c t  o f  a c t u a l l y  h a v i n g  s u c h

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

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

s e l f  and t o w a r d  t h e  s c h o o l .
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An e x p e r i m e n t  i n  e l i m i n a t i n g  a l l  m a j o r  c o m p e t i t i v e  

a s p e c t s  i n  a g r a d u a t e  m anagem ent  s c i e n c e  c l a s s r o o m  was  

c o n d u c t e d  by  Goodman and C r o u c h  ( 1 9 7 8 ) .  R e l a t i v e  

p e r f o r m a n c e  p l a y e d  no  p a r t  i n  t h e  g r a d i n g  s c h e m e  and  

c o o p e r a t i o n  i n  t h e  l e a r n i n g  e x p e r i e n c e  was  r e w a r d e d  i n  

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

e x p e r i e n c e  g r o u p s  o f  f o u r  w e r e  o r g a n i z e d  i n  w h ic h  t h e  

s t u d e n t s  w e r e  d i r e c t e d  t o  t e a c h  and l e a r n  from  e a c h  

o t h e r „

A p o r t i o n  o f  t h e  g r a d e  w as  a l l o c a t e d  t o  p e e r  

e v a l u a t i o n  and s e l f - e v a l u a t i o n  i n  r e s p e c t  t o  t h e  

s t u d e n t ' s  own a s s e s s m e n t  o f  h i s / h e r  c o n t r i b u t i o n  t o  

o t h e r s '  l e a r n i n g .

The i n v e s t i g a t o r s  n o t e d  t h a t  s t u d e n t  b e h a v i o r  

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

be c a m e  e v i d e n t "  ( p .  1 3 3 ) .  The t o p  s t u d e n t s  w e r e  s t i l l  

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

s p e n t  c o n s i d e r a b l e  t i m e  h e l p i n g  o t h e r s .  "In t h i s  manner  

t h e y  w e r e  a b l e  t o  r a i s e  t h e i r  own g r a d e s  and a l s o  c l a r i f y  

t h e i r  own k n o w l e d g e "  (p .  1 3 3 ) .

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

c o o p e r a t i v e  l e a r n i n g  e n v i r o n m e n t  had made t h e  l e a r n i n g  

e x p e r i e n c e  more p r o f i t a b l e  ( i . e . ,  t h e y  had l e a r n e d  more)  

and more " e n j o y a b l e . "  Goodman and Crouch c o n c l u d e d  t h a t  

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

h a v e  a g r e a t e r  i m p a c t  on t h e  e n j o y m e n t  o f  l e a r n i n g  t h a n  

on t h e  amount  l e a r n e d .  T h i s  s u g g e s t s  t h a t  t h e  c o u r s e
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s t r u c t u r e  w a s  " s u c c e s s f u l " i n  r e d u c i n g  t h e  a n x i e t y  

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

s t r u c t u r e .

S h a r a n  <1980)  c o m p a r e s  and e v a l u a t e s  e x p e r i m e n t a l  

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

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

a c a d e m i c  a c h i e v e m e n t  and s t u d e n t  a t t i t u d e s .  The f i r s t  

m ethod  p r e s e n t e d  i s  t h e  " j i g s a w  c l a s s r o o m "  u s e d  by  

A r o n s o n  <1978)  i n  w h i c h  t h e  m a t e r i a l  t o  b e  l e a r n e d  was  

d i v i d e d  i n t o  a s  many p a r t s  a s  t h e r e  w e r e  mem bers  i n  t h e  

g r o u p .  Each  member w as  r e s p o n s i b l e  f o r  a p a r t  and f o r  

t e a c h i n g  h i s / h e r  p a r t  t o  t h e  o t h e r  g r o u p  m em bers .  

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

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

In a n o t h e r  s t u d y  d i s c u s s e d  b y  S h a r o n ,  " j i g s a w "  

g r o u p s  a r e  e m p l o y e d  by G e f f n e r  ( 1 9 7 8 ) .  I t  was  f o u n d  t h a t  

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

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

s e l f - e s t e e m ,  t o w a r d  s c h o o l  and t o w a r d  t h e i r  c l a s s m a t e s .  

However a d e c l i n e  i n  a t t i t u d e  t o w a r d  t h e m s e l v e s  and  

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

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

R e p l a c i n g  i n t e r p e r s o n a l  c o m p e t i t i o n  i n  c l a s s r o o m s  

w i t h  b e t w e e n - g r o u p  c o m p e t i t i o n ,  De V r i e s  and  Edward ( N o t e  

3)  p e r f o r m e d  an e x p e r i m e n t  u s i n g

"t e a m s - g a m e s - t o u r n a m e n t s "  <TGT) and S l a v i n  ( 1 9 7 8 )  

c o n d u c t e d  a s t u d y  e m p l o y i n g  " s t u d e n t  t e a m s  and a c a d e m i c
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d i v i s i o n s "  (STAD). U t i l i z i n g  p e e r - t u t o r i n g , t h e  

h e t e r o g e n e o u s  g r o u p s  a p p e a r e d ,  i n  b o t h  s t u d i e s ,  t o  a r o u s e  

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

any p r o m o t i o n  o f  a c h i e v e m e n t  b y  t h e  p e e r - t u t o r i n g  a s p e c t .  

H ow e ve r ,  m ore  p o s i t i v e  a t t i t u d e s  t o w a r d  s p e c i f i c  s u b j e c t  

m a t t e r  b e i n g  s t u d i e d  and g r e a t e r  s a t i s f a c t i o n  w e r e  n o t e d .

The n e x t  t w o  a p p r o a c h e s  p r e s e n t e d  by S h a r a n  e m p l o y e d  

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

peer—t u t o r i n g  m e t h o d .  R e s u l t s  o f  an e x p e r i m e n t  c o n d u c t e d

by S h a r a n  and L a z a r o w i t z  ( N o t e  4 )  c o n f i r m e d  t h e

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

s u c c e e d  on m ore  h i g h  l e v e l  q u e s t i o n s  and  q u e s t i o n s  

" r e q u i r i n g  o r i g i n a l  e l a b o r a t i o n  o f  o n e ' s  r e s p o n s e s  t h a n  

d i d  t h e i r  p e e r s  f rom  t r a d i t i o n a l  c l a s s e s "  (p .  2 5 1 ) .

J o h n s o n  and J o h n s o n  ( 1 9 7 5 )  a l s o  u s e d  t h e  c o o p e r a t i v e  

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

r e p o r t  t h a t  m e a s u r e s  o f  t h e  s o c i a l - a f f e c t i v e  dom ain  

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

more c o o p e r a t i v e  and a l t r u i s t i c  and much l e s s  c o m p e t i t i v e  

and s e l f i s h .  F u r t h e r m o r e ,  t h e  J o h n s o n s  a s c e r t a i n e d  t h a t  

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

t h e i r  i n t e r a c t i o n  w i t h  p e e r s ,  n o t  members o f  sam e  

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

n o t  s t r u c t u r e d  by  t h e  t e a c h e r .

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

J o h n s o n s '  r e s u l t s  f ro m  t h e  c o o p e r a t i v e  l e a r n i n g  m ethod  

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

a c c e p t e d  by  t e a c h e r s  and p e e r s  and more p o s i t i v e

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

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

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

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

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

i n d i v i d u a l l y "  ( p .  2 5 3 ) .

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

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

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

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

c o g n i t i v e  - f u n c t i o n i n g  and t h e

i n t e r - p e r s o n a l  e x c h a n g e  w i t h i n  t h e  g r o u p  a p p e a r s  t o  
f o s t e r  t h e  e m e r g e n c e  o f  s u p e r i o r  p r o b l e m - s o l v i n g  
s t r a t e g i e s  f o r  a l l  p a r t i c i p a n t s  r e g a r d l e s s  o f  
a b i l i t y  l e v e l .  ( p .  2 5 6 )

The c l a s s r o o m  s t u d i e s  o f  D a v i d s o n ,  A g r e e n  and D a v i s  

( 1 9 7 8 ) ,  A r t z t  ( 1 9 7 9 ) ,  G o l d b e r g  ( N o t e  2 ) ,  K ing  ( 1 9 7 8 ) ,  

S h e l l y  and Cashman ( 1 9 7 7 ) ,  Lemos ( 1 9 7 8 ) ,  D a v i d s o n  ( 1 9 7 4 ) ,  

McKuen and D a v i d s o n  ( 1 9 7 5 )  i n v o l v i n g  g r o u p  p r o c e s s ,  c i t e d  

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

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

s u b j e c t  and l e a r n i n g .  M o r e o v e r ,  s e v e r a l  o f  t h e s e  s t u d i e s  

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

s t u d e n t  c o g n i t i v e  a c h i e v e m e n t .
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CHAPTER I I I

REVIEW OF LITERATURE RELATED TO INSTRUCTIONAL METHODS IN 
COMPUTER SCIENCE EDUCATION

M e t h o d s  Qf I n s t r u c t i o n  N ot  E m p l o y i n g  Group Program m in g

S t u d e n t s  s t u d y  c o m p u t e r  s c i e n c e  t o r  many d i f f e r e n t  

r e a s o n s .  Some e x p e c t  t o  e a r n  a l i v i n g  by  w o r k i n g  i n  some  

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

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

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

s c i e n c e  c l a s s  a s  p a r t i a l  f u l f i l l m e n t  o f  t h e i r  m a j o r ’ s  

r e q u i  r e m e n t s .

O f t e n  a l l  t h e s e  s t u d e n t s  a r e  p l a c e d  i n t o  t h e  same  

i n t r o d u c t o r y  c o u r s e  ( F r i e d m a n  & K o f f m a n ,  19 7 7 ;  Lem os ,

1 9 7 S )  c r e a t i n g  p r o b l e m s  o f  how t o  t e a c h  t o  s u c h  a w i d e  

s e l e c t i o n  o f  s t u d e n t s  and how t o  c o n s t r u c t  a c u r r i c u l u m  

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

m o t i v a t i o n s  and a b i l i t i e s  ( S i n g h a n i a ,  1 9 8 0 ) .

The  t r a d i t i o n a l  i n s t r u c t i o n a l  m e t h o d ,  d i c t a t e d  by  

s t u d e n t  e n r o l l m e n t  and c o l l e g e  r e s o u r c e s ,  and w i d e l y  

e m p l o y e d  i n  i n t r o d u c t o r y  c o m p u t e r  program m ing  l a n g u a g e  

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

N u m erous  t h e o r i e s  and m e t h o d s  h a v e  b e e n  d e v e l o p e d  
f o r  i m p r o v i n g  e d u c a t i o n a l  e f f o r t s  i n  c o m p u t e r  
s c i e n c e  c l a s s e s ,  b u t  u n f o r t u n a t e l y ,  many i n s t r u c t o r s  
j u s t i f y  t h e  u s e  o f  s t a n d a r d  l e c t u r e s  on t h e  b a s i s  
t h a t  i t  i s  a l l  t h a t  i s  a v a i l a b l e  when i n  f a c t ,  i t  i s  
o n l y  a l l  t h e y  w an t  t o  make a v a i l a b l e .  ( B o r n ,  N o t e  
5 ,  p .  3)
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In  t h e  l e c t u r e  m e t h o d ,  s t u d e n t s  a r e  r e q u i r e d  t o  s i t  

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

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

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

t a c t s  and c o n s t r u c t s .  Some l e c t u r e  c o u r s e s  p e r m i t  

s p o n t a n e o u s  q u e s t i o n i n g  b y  s t u d e n t s  a t  a n y  p o i n t  d u r i n g  

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

q u e s t i o n  p e r i o d  a t t e r  t h e  p r e s e n t a t i o n  o t  t h e  m a t e r i a l  or  

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

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

d i s p l e a s u r e  a t  a l l  l e v e l s :  among a d m i n i s t r a t o r s ,  

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

s t u d e n t s .

Q u e s t i o n i n g  w h e t h e r  t h e  t r a d i t i o n a l  l e c t u r e  i s  a  

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

p r o g r a m m i n g ,  Conway ( 1 9 7 4 )  p r o d u c e d  t h e  e q u i v a l e n c e  o f  

l e c t u r e s  on  t a p e .  S t u d e n t s  w e r e  a b l e  t o  u s e  t h e  t a p e s  on 

c a s s e t t e s  a c c o m p a n i e d  by  3 5  mm s l i d e s .  The i n i t i a l  

p r e p a r a t i o n  o f  e a c h  t a p e  r e q u i r e d  a " t r e m e n d o u s  amount o-f 

work" (p .  S ) ;  h o w e v e r ,  t h e  c o m p l e t e d  t a p e s  w e r e  

n o n - c o n s u m a b l e .

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

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

b e c a u s e  t h e  s y s t e m  was  n o t  " p o r t a b l e "  and t h e  s t u d e n t s ,  

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

f o u n d  t h e  p r o c e s s  o f  s e a r c h i n g  o u t  p a r t i c u l a r  a r e a s  o f
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m i s u n d e r s t a n d i n g  t o  be  d i f f i c u l t  and  s l o w .  In an a t t e m p t  

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

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

t h e  r u l e s  o f  s y n t a x .

Conway now v i e w s  t h e  t a p e  and s l i d e  u n i t s  a s  

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

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

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

a f t e r n o o n .

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

a l s o  t h e  m eth od  u s e d  by  U n g er  ( 1 9 7 6 )  and b y  P r a t h e r  and  

S c h l e s i n g e r  ( 1 9 7 8 )  i n  r e s p o n s e  t o  t h e  d i s s a t i s f a c t i o n  

e x p r e s s e d  by  many s t u d e n t s  and e d u c a t o r s  w i t h  t h e  r e s u l t s  

o f  c o n v e n t i o n a l  t e a c h i n g  m e t h o d s .

T h i s  s o l u t i o n  o f f e r e d  l a r g e  l e c t u r e s  ( 2 5 0 - 3 0 0  

s t u d e n t s )  w i t h  s m a l l  l a b o r a t o r y  s e c t i o n s  ( 2 0 - 4 0  s t u d e n t s )  

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

B o t h  e x p e r i m e n t s  r e p o r t  t h a t  a l a r g e  amount o f  

c o o r d i n a t i o n  was  n e e d e d  b e t w e e n  l e c t u r e r s  and t h e  

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

s e c t i o n s  i n  o r d e r  f o r  t h e  p r ogr am  t o  f u n c t i o n  

e f f i c i e n t l y .

No c o g n i t i v e  o r  e f f e c t i v e  r e s u l t s  w e r e  o f f e r e d  by  

U n ger  o r  by  P r a t h e r  and S c h l e s i n g e r  b u t  s t u d e n t  r e a c t i o n  

was  d e t e r m i n e d  t o  b e  f a v o r a b l e  e x c e p t  f o r  a common 

c o m p l a i n t  a b o u t  t h e  t r e m e n d o u s  am ount  o f  work r e q u i r e d .  

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

e x p e r i m e n t e r s  d o  n o t  d e s c r i b e  how t h i s  was  d e t e r m i n e d .

In an a t t e m p t  t o  r e d u c e  f a c u l t y  u s e ,  E c c l e s  and  

Gordon  ( 1 9 7 6 )  c r e a t e d  v i d e o  t a p e s  o f  TV l e c t u r e s  t h a t  

w e r e  c o o r d i n a t e d  w i t h  a t e x t  i n  p r e s e n t i n g  a 

n o n s e l f - p a c e d  P L / I  ( P r ogram m in g  L a n g u a g e  I)  c o u r s e  t o  

b e g i n n i n g  prog r a m m in g  s t u d e n t s .

T h i s  m ethod  e n a b l e d  t h e  e d u c a t i o n a l  f a c i l i t y  t o  

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

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

i n s t r u c t o r ,  who was  p r e s e n t  a t  e a c h  s h o w i n g ,  v i a  a 

" t a l k b a c k  s y s t e m . "  T h e s e  s t u d e n t s ,  o f f  t h e  main  c a m p u s ,  

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

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

The main  p r o b l e m s  o c c u r r e d  w i t h  t h o s e  s t u d e n t s  who 

c o u l d n ' t  t o l e r a t e  a t e l e v i s i o n  a p p r o a c h ,  b ecam e  i n h i b i t e d  

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

w e r e  e x t r e m e l y  p a s s i v e .

No s t a t i s t i c s  w e r e  p r e s e n t e d  t o  d e t e r m i n e  i f  

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

t h e  " l i v e "  c l a s s r o o m ,  b u t  E c c l e s  and Gordon f o u n d  t h e  

r e s u l t s  w e r e  a c c e p t a b l e  and t h a t  t h e  s t u d e n t s  w e r e  

e x p o s e d  t o  an e x c e l l e n t  e d u c a t i o n a l  e x p e r i e n c e .

S t a t i n g  t h a t  s t u d e n t s  s e e m  t o  l e a r n  l e s s  i n  a 

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

E m b le y  and Nagy ( 1 9 7 9 ) ,  d e s i g n e d  a " l e c t u r e l e s s "  

e n v i r o n m e n t  f o r  100  b u s i n e s s  s t u d e n t s  t o  f a m i l i a r i s e  them
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w i t h  FORTRAN.

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

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

"programmed" t e x t  e d i t o r ,  SIMPLE, t h a t  h e l p e d  them  

i n t e r a c t  w i t h  t h e  c o m p u t e r .  SIMPLE w as  a l i n e - o r i e n t e d  

t e x t  e d i t o r  w i t h  15  commands and a s i m p l e  f i l e  s t r u c t u r e  

t h a t  w a s  i n d e p e n d e n t  o f  h a r d w a r e  and o p e r a t i n g  s y s t e m s .

U s e r s  w e r e  a b l e  t o  c r e a t e ,  m o d i f y ,  e x e c u t e  f i l e s ,

and c o m m u n i c a t e  w i t h  i n s t r u c t o r s  and e a c h  o t h e r  v i a

f i l e s .  SIMPLE was  d e s i g n e d  t o  o v e r c o m e  t h e  s h o r t c o m i n g s  

o f  o t h e r  g e n e r a l - p u r p o s e  e d i t o r s :  t o o  many commands,  

a m b i g i o u s  e r r o r  m e s s a g e s ,  a b s e n c e  o f  a  HELP f e a t u r e .  

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

w a s  d e t e r m i n e d  w e e k l y  b y  t e n  m i n u t e  o r a l  q u i z z e s .  The  

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

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

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

t e s t i n g .  The s o l u t i o n  t o  t h a t  p r o b l e m  w as  t o  h a v e  t h e  

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

O v e r a l l  r e s u l t s  d e m o n s t r a t e  t h a t  i n  t h e  t r e a t m e n t  

d e s c r i b e d  a s  "1e c t u r e l e s s , " s t u d e n t s  l e a r n e d  a s  much,  i f  

not. m o re ,  t h a n  s t u d e n t s  i n  t r a d i t i o n a l  l e c t u r e  c l a s s e s .  

The m e a s u r e  w a s  b a s e d  on m id t e r m  and f i n a l  e x a m i n a t i o n  

s c o r e s .  The "1e c t u r e l e s s "  s t u d e n t s  w e r e  e x p o s e d  t o  more  

w orked  o u t  e x a m p l e s  and t a l k e d  more o f t e n  w i t h  members  o f  

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

s t u d e n t s  i n  t h e  c o n t r o l  ( l e c t u r e )  s e c t i o n s .
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B e s i d e s  t h i s ,  t h e  e x p e r i m e n t a l  p r o g r a m  o f f e r e d  

f l e x i b i l i t y  i n  a p p l i c a t i o n s  and i n  s p e c i f y i n g  a s s i g n m e n t s  

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

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

The  c o m p l e t i o n  r a t e  o f  t h o s e  i n  t h e  e x p e r i m e n t a l  

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

( l e c t u r e )  c o u r s e s  and m o s t  s t u d e n t s  r e s p o n d e d  f a v o r a b l y  

when i n f o r m a l l y  a s k e d  i f  t h e y  l i k e d  t h e  1 e c t u r e l e s s  

m e t h o d .

A n o t h e r  r e c e n t  a p p r o a c h  t o  i n t r o d u c t o r y  c o m p u t e r  

p r o g r a m m in g  s t u d y  e m p l o y s  t h e  c o m p u t e r  a s  a  t e a c h e r ,  

p r o v i d i n g  a o n e - o n - o n e  t u t o r i a l  e n v i r o m e n t .  P r e v i o u s l y ,  

t h i s  m e t h o d .  Com puter  A s s i s t e d  I n s t r u c t i o n  ( C A I ) ,  w a s  

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

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

p r o b l e m - s o l v i n g  t e c h n i q u e s  and  m e r e l y  l i s t e d  t h e  

s y n t a c t i c a l  e r r o r s  f o u n d  by  a d i a g n o s t i c  s y s t e m .

PLATO IV CAI,  an a u t o m a t i c  i n s t r u c t i o n a l  s y s t e m  

e x p o s e s  i n t r o d u c t o r y  s t u d e n t s  t o  s t r u c t u r e d  p r o g r a m m in g  

c o n c e p t s  and  t o p - d o w n  p r o b l e m  s o l u t i o n  t e c h n i q u e s ^  b y  

m ean s  o f  e x a m p l e s .  S t u d e n t s  d e v e l o p  o n - l i n e ,  i n t e r a c t i v e

1Top-d ow n d e s i g n  i s  a d i s c i p l i n e d  a p p r o a c h  t o  
o r g a n i z i n g  c o m p l e x i t y .  I t  i s  s i m i l a r  t o  w r i t i n g  an 
o u t l i n e  f o r  a t e r m  p a p e r  i n  w h i c h  t h e  main t o p i c  i s  
b r o k e n  down i n t o  a h i e r a r c h y  o f  s u b t o p i c s .  T h e s e  a r e  
f u r t h e r  b r o k e n  down u n t i l  t h e  w r i t e r  a c h i e v e s  an  
u n d e r s t a n d a b l e ,  c o n t r o l l a b l e  amount  o f  c o m p l e x i t y .  From 
t h i s  l e v e l  t h e  w r i t e r  b u i l d s ,  i n  a s t e p - b y - s t e p  m anner ,  
t h e  s o l u t i o n  t o  t h e  o r i g i n a l  p r o b l e m .
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d i a l o g u e  w i t h  t h e  t u t o r  ( t h e  c o m p u t e r )  and t h e  t u t o r  

p r o v i d e s  h i n t s  and c o m m e n t s  on s t r u c t u r e  and  e f f i c i e n c y .

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

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

a s  t h e  c o m p l e x i t y  o f  t h e  p r o b l e m  i n c r e a s e s "  ( D a n i e l s o n  & 

N i e v e r g e l t ,  1 9 7 5 ,  p .  5 3 )  and a c h i e v e  c o m p l _ x i t y  b e y o n d  

t h e  s o p h i s t i c a t i o n  o f  t h e  s y s t e m  t o  a n a l y z e  a l l  t h e  

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

In a n o t h e r  a t t e m p t  t o  m a x i m i z e  l e a r n i n g  u t i l i z i n g  

t h e  c o m p u t e r  a s  t h e  t e a c h e r ,  G i l l e t t  ( 1 9 7 6 )  e m p l o y e d  t h e  

I n t e r a c t i v e  Program  A d v i s i n g  S y s t e m  (IPAS) f o r  b e g i n n i n g  

p r o gr am m in g  s t u d e n t s .  The s y s t e m  a im e d  a t  i n c r e a s i n g  

p rogram  r e a d a b i l i t y  ( e . g . ,  by  r e p l a c i n g  A=2*B by A=B+B) 

r a t h e r  t h a n  e f f i c i e n c y .

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

n o t  i m p r o v e  on t h e  s t u d e n t ' s  a p p r o a c h  t o  p r o g r a m m in g  b u t  

m e r e l y  commented  on t h e  c o d e  t h e  s t u d e n t  w r o t e .  H o w e v e r ,  

a l s o  u n l i k e  a t e a c h i n g  a s s i s t a n t  o r  c o n s u l t a n t ,  IPAS was  

n o t  a b l e  t o  comment on p r o g r a m  l o g i c .

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

e d u c a t i o n  f e e l  a CAI c o u r s e  i s  a t  l e a s t  a s  e f f e c t i v e  a s  

t h e  t r a d i t i o n a l  m ethod  and a l t h o u g h  d e m a n d i n g  "an 

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

( S j o e r d s m a n ,  1 9 7 6 ,  p .  1 6 ) ,  i t  o f t e n  r e d u c e s  t h e  t i m e  

r e q u i r e d  b y  s t u d e n t s  t o  m a s t e r  t h e  m a t e r i a l .

A d d i t i o n a l l y ,  t h i s  m ethod  m akes  t h e  c o u r s e  f l e x i b l e  and 

t h e r e b y  a v a i l a b l e  t o  many who w o u ld  n o t  o t h e r w i s e  b e  a b l e
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t o  e n r o l  1 .

E m p l o y i n g  s u c h  a m e t h o d ,  A i k e n  ( 1 9 8 1 )  f o u n d  an 

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

r e q u i r e d  t o  t e a c h  a c o m p u t e r  c o u r s e .  A i k e n  s t a t e s  t h a t  

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

more t o l e r a b l e  f o r  i n s t r u c t o r s  and m ore  e f f e c t i v e  f o r  

s t u d e n t s .  A l t h o u g h  some s t u d e n t s  f o u n d  t h e  m ethod  

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

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

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

p r i v a t e  and was a b l e  t o  r e p e a t  l e s s o n s  w i t h o u t  

e m b a r r a s s m e n t .

A i k e n  a d m i t s  t h a t  t h e  m a c h i n e  " i s  n e v e r  a s  f l e x i b l e  

o r  a s  r e s p o n s i v e  a s  t h e  b e s t  human i n s t r u c t o r "  (p .  8 2 )  

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

s k i l l e d  human t u t o r  i s  n o t  a  v i a b l e  a l t e r n a t i v e .

A n o t h e r  a p p r o a c h  e m p l o y e d  i n  i n t r o d u c t o r y  c o m p u t e r  

c o u r s e s  i s  o n e  i n  w h ic h  t h e  s t u d e n t s  move a t  t h e i r  own 

s p e e d  t h r o u g h  t h e  c o u r s e .  L i n d e r  ( 1 9 7 6 )  d e v e l o p e d  an 

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

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

t h e  c o m p u t e r - t u t o r  and L i n d e r  f o u n d  t h i s  t o  b e  an 

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

by h a v i n g  t o  t e a c h  s t u d e n t s  o f  v a r y i n g  b a c k g r o u n d s .

E t t i n g e r ,  Goodman and Plumm ( 1 9 8 1 )  d e v e l o p e d  a 

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

p r o v i d e  more  c o n s i s t e n t  and p r e d i c t a b l e  l e a r n i n g  o u t c o m e s
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f o r  i n t r o d u c t o r y  l e v e l  c o u r s e s .  I t  was  d e s i g n e d  t o

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

d e c r e a s e  t h e  number  o f  r e d u n d a n t  FORTRAN c o u r s e s  o f f e r e d

f o r  n o n - m a j o r s  and t h e r e b y  r e d u c e  t h e  number o f  f a c u l t y

n e e d e d  t o  m ee t  t h e  s t a t e d  n e e d s  o f  t h e  v a r i o u s

i n s t i t u t i o n a l  d i s c i p i i n e s .

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

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

p r o g r e s s  d u e  t o  a l a c k  o f  a d e q u a t e  s t r a t e g i e s  f o r

d e b u g g i n g  and t e s t i n g  o f  p r o g r a m s .  E t t i n g e r ,  Goodman and

Plum c o n c l u d e d  t h a t :

•Just  a s  t h e  t r a d i t i o n a l  l e c t u r e - o r i e n t e d  c l a s s  d o e s  
n o t  m ee t  t h e  n e e d s  o f  a l l  t h e  s t u d e n t s ,  s e l f - p a c e d ,  
s e l f - i n s t r u c t i o n a l  c o u r s e s  a r e  n o t  t o  e v e r y o n e ' s  
l i k i n g .  <p. 7 2 )

A r e c e n t  p e d a g o g i c a l  m ethod  w a s  d e v i s e d  by Dersham  

( 1 9 8 1 )  i n  w h ic h  s t u d e n t s  w e r e  a b l e  t o  c h o s e  6  o f  15  

m o d u l e s  i n  l e c t u r e  and l a n g u a g e  t o  form  a c o u r s e  i n  

i n t r o d u c t o r y  c o m p u t e r  s c i e n c e .

T h i s  m u l t i p a t h  a p p r o a c h ,  a l t h o u g h  d i f f i c u l t  t o  

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

u p p e r  l e v e l  c o u r s e s ,  o f f e r e d  f l e x i b i l i t y  i n  u s e  o f  

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

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

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

o f f e r e d  i n  p r e v i o u s  s e m e s t e r s .

The a v e r a g e  s t u d e n t ' s  p e r f o r m a n c e  i m p r o v e d  and t h e  

a t t i t u d e  o f  s t u d e n t  and f a c u l t y  t o w a r d  t h e  c o u r s e  becam e
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m ore  p o s i t i v e .  Dersham v i e w s  t h i s  model  a p p r o a c h  a s  t h e  

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

c o u r s e s  i n  s m a l l  c o l l e g e s .

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

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

p r o g r a m m i n g  l e a r n i n g  c o u r s e s ,  t a p e d  l e c t u r e s ,  TV 

l e c t u r e s ,  s l i d e  p r e s e n t a t i o n s ,  1 e c t u r e - 1 a b s ,  l e c t u r e s  

w i t h  o n - l i n e  s c r e e n  d i s p l a y  (C h e n g ,  1 9 7 6 ) ,  l e c t u r e l e s s ,  

s e l f - p a c e d ,  CAI— i n t e r a c t i v e  t u t o r i a l s  ( T s a i  8< F ' o h l ,

1 9 7 7 ) ,  m a s t e r p i e c e  p r o g r a m  r e a d i n g s  (K im u ra ,  1 9 7 9 ) ,  

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

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

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

The Group Program m in g  I n s t r u c t i o n a l  Method

The r e c o m m e n d a t i o n s  o f  t h e  C o m m i t t e e  o f

U n d e r g r a d u a t e  C u r r i c u l u m  i n  Com puter  S c i e n c e ,  t h e

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

p r o f e s s i o n a l s ,  a r e  t h a t ;

S t u d e n t s  s h o u l d  be  a b l e  t o  r e a d  and  e v a l u a t e  
p r o g r a m s  w r i t t e n  by  o t h e r s  a s  w e l l  a s  e x p e r i e n c e  
e v a l u a t i o n  o f  t h e i r  own work and t h a t  s t u d e n t s  
s h o u l d  h a v e  p r a c t i c e  i n  w o r k i n g  a l o n e  and a l s o  i n  
b e i n g  p a r t  o f  a p r o g r a m m in g  t e a m  an d  b e  r e q u i r e d  t o  
p r e s e n t  o r a l  e x p l a n a t i o n  o f  t h e i r  p a r t i c u l a r  
r o u t i n e .  ( L i t t l e ,  1 9 7 7 ,  p .  13)

In r e c o g n i z i n g  t h e  b e n e f i t s  t h a t  c a n  be  g a i n e d  from  

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

i n s t r u c t i o n a l  m eth od  e m p l o y i n g  " e g o l e s s "  program m ing  

w i t h i n  g r o u p .  Support ,  f o r  " e g o l e s s "  p r o g r a m m i n g  w i t h i n
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t h e  g r o u p  f o r  t h e  p r o f e s s i o n a l  a s  w e l l  a s  f o r  t h e  

s t u d e n t ,  i s  t o  b e  f o u n d  i n  W e i n b e r g ' s  ( 1 9 7 1 )  The  

P s y c h o l o g y  o f  Computer  P r o g r a m m in g . W e in b e r g  s t a t e s  t h a t  

s u c c e s s  i n  p r o gr am m in g  h a s  l e s s  t o  do  w i t h  i n t e l l i g e n c e  

t h a n  w i t h  p e r s o n a l i t y ,  work h a b i t s  and t r a i n i n g ™

T h e s e  t h i n g s ,  u n l i k e  i n t e l l i g e n c e ,  c a n  b e  
c h a n g e d  by e x p e r i e n c e  l a t e r  i n  l i f e ,  w h ic h  t u r n s  t h e  
p r o b l e m  from  o n e  o f  s e l e c t i n g  p r o g r a m m e r s  t o  
c r e a t i n g  th e m .  In  o t h e r  w o r d s ,  good  p r o g r a m m e r s  a r e  
made,  n o t  b o r n .  T h e r e f o r e  we s h o u l d  t u r n  o u r  
a t t e n t i o n  t o  t h e  m a n u f a c t u r i n g  p r o c e s s ,  o r  t r a i n i n g  
p r o c e s s .  ( p .  176)

R e s e a r c h  . p s y c h o l o g i s t  Sackman ( 1 9 7 0 ) ,  s t u d y i n g  

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

a g r e e s  w i t h  W e in b e r g  t h a t  i n  t h e  e n d ,  f o r  p r o g r a m m i n g ,  

e x p e r i e n c e  and t r a i n i n g  come t o  d o m i n a t e  a l l  o t h e r  

v a r i a b l e s  i n  pr ogr am m in g  s u c c e s s .

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

program m ing  g r o u p s  c o n t r o l s  t h e i r  e n v i r o n m e n t ,  s t r u c t u r e s  

t h e i r  t r a i n i n g ,  d i c t a t e s  t h e i r  e x p e r i e n c e s  and a c t s  a s  a 

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

B e n e f i t s  o f  E m p l o y in g  Group Program m in g  i n  I n t r o d u c t o r y  
Cl a s s e s

W e in b e r g  c l a i m s  t h e r e  a r e  t h r e e  main  a s p e c t s  o f  t h e  

p r o c e s s  o f  pr ogr am m in g  w i t h i n  a g r o u p  t h a t  a r e  d e s i g n a t e d  

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

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

members  o f  t h e  g r o u p ,  r e a d i n g  and c r i t i q u i n g  o t h e r  

mem bers '  p r o g r a m s ,  and d e b u g g i n g  p r o g r a m s  w r i t t e n  by
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g r o u p  m em bers .

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

t h e  c l a s s  i s  o f t e n  c o n s i d e r e d  " c h e a t i n g "  ( B e z a n s o n ,

1 9 7 5 ) .  W orking  w i t h i n  a g r o u p  t h i s  e x c h a n g e  o f  

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

I t  c o m b a t s  s o m e w h at  t h e  f a m i l i a r  d i s a d v a n t a g e  o f  

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

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

p l a n  a h e a d  c a r e f u l l y  ( J e h n ,  R i n e  ?< S o n d a k ,  1 9 7 8 s  

S i n g h a n i a ,  1 9 8 0 ) .

W e in b e r g  s t a t e s  t h a t  when t h e  g r o u p  mem bers  o f f e r  

and r e q u e s t  a i d  i n  p r o b l e m  s o l u t i o n  and p r o g r a m  d e s i g n  

and c o d e ,  t h e  l e v e l  o f  prog r a m m in g  c o m p e t e n c y  o f  t h e  

g r o u p 5 a s  a w h o l e ,  s h o u l d  b e  r a i s e d .

2 .  R e a d i n g  and c r i t i q u i n g  o t h e r  m em bers '  pr ogr am  

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

r a n g e  o f  work w i t h  w h i c h  t o  c o m p a r e  t h e i r s  ( A l f o r d ,  H s a i ,

P e r r y ,  1 9 7 7 ;  Cashman M e in ,  1 9 7 5 ;  Conway,  197 4 ;

F r e e m a n ,  1 9 7 6 ;  G r i e s ,  1 9 7 4 ;  I r b y ,  1 9 7 7 ;  K h a i l a n y ,  1 9 7 7 a ) .  

W i t h i n  W e i n b e r g ' s  " e g o l e s s "  p r o g r a m m in g  t e a m s ,  members  

a r e  r e q u i r e d  t o  r e a d  e a c h  o t h e r ' s  p r o g r a m s .  T h i s  r e m o v e s  

t h e  g u i l t  f e l t  by  s t u d e n t s  when t h e y  r e a d  c l a s s m a t e s '  

p r o g r a m s  s u r r e p t i t i o u s l y  (Lem os ,  1 9 7 8 ) .  As t h e y  a r e  

r e a d i n g  t h e  p r o g r a m s  w r i t t e n  by o t h e r s ,  s t u d e n t s  p a s s  

k n o w l e d g e  a b o u t  s t y l e ,  l a n g u a g e ,  a l g o r i t h m s ,  and d e s i g n  

t o  e a c h  o t h e r  (Mackey 8< F o s d i c k ,  1 9 7 9 ) .

At t h e  same t i m e  a s  o n e  i s  r e a d i n g  a g r o u p  m e m b e r ' s
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p r o g r a m ,  o n e  i s  r e q u i r e d  a l s o  t o  c r i t i q u e  i t  f o r  g o o d  

p r o g r a m m in g  s t y l e  ( A l f o r d ,  H s i a  S' P e r r y ,  1 9 7 7 ;  C h i ,  l iorah  

S' T a u s n e r ,  197 4 ;  I r b y ,  1 9 7 7 ;  K h a i l a n y  S< H o l l a n d ,  1 9 7 5 ;

M i z e ,  1 9 7 6 ;  P e r r y  S< Weymouth,  1 9 7 5 ;  S e n n ,  1 9 7 4 ) .  The  

e m p h a s i s  i n  c o m p u t e r  e d u c a t i o n  t o d a y  i s  f o r  "good"  

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

p r o c e s s  d a t a  c o r r e c t l y ) .  "Good" p r o g r a m s  e m p l o y  a l l  t h e  

t e c h n i q u e s  o f  s t r u c t u r e d  p r o g r a m m in g :  t o p - d o w n  d e s i g n  

( s e e  F o o t n o t e  1 ) ,  f r e q u e n t  u s e  o f  comment s t a t e m e n t s ,  

i n d e n t a t i o n  t o  i n d i c a t e  r e f i n e m e n t ,  r e a d a b i l i t y ,  

e x p a n d a b i l i t y  and u n d e r s t a n d a b i 1 i t y  ( B e z a n s o n ,  1 9 7 5 ;

M i l l e r  S< P e t e r s e n ,  1 9 8 1 ;  O g d in ,  1 9 7 2 ) .

K e r n i g h a n  and PI a u g e r  o f  B e l l  L a b o r a t o r i e s  ( 1 9 7 4 )  

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

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

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

o t h e r s  and by w r i t i n g  c o d e  f o r  o t h e r s  t o  r e a d ,  s t u d e n t s  

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

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

s t r u c t u r e d  f o r m a t  and a r e  more c o n s c i e n t i o u s  i n  a l l
t

p h a s e s  o f  a p r o g r a m m in g  p r o j e c t .  I t  i s  f o u n d  t h a t  t h i s  

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

i n  l o c a t i n g  e r r o r s  i n  p r o g r a m s  t h a t  do  n o t  r u n  o r  run  

i n c o r r e c t l y  ( F r e e m a n ,  1 9 7 6 ;  L a n e ,  1 9 7 5 ;  N i e v e r g e l t ,  1 9 7 4 ;  

R o t h ,  1 9 7 5 ;  Tam S' B u s e n b e r g ,  1977)  .

3 .  D e b u g g i n g  p r o g r a m s  w r i t t e n  by  mem bers  i s  t h e  

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

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

b u g s .  Members a l s o  p e r f o r m  w a l k t h r o u g h s 2 w i t h  d i f f e r e n t  

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

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

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

t ea m  mem bers  b e f o r e  t h e y  a r e  r u n  on t h e  c o m p u t e r .

A d d i t i o n a l  c o n s e q u e n c e s  o f  t h e s e  a c t i v i t i e s  a r e  more  

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

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

s i n c e  t h e  m a j o r i t y  o f  e r r o r s  a r e  c a u g h t  b e f o r e  any  

t e r m i n a l  t i m e  i s  u s e d .  T h i s  i n  t u r n  r e d u c e s ,  and i n  some  

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

a n x i e t y  <Newman, 19 7 3 ;  S h e l l y  ?< Cashm an,  1 9 7 7 ) ,  

c o n s e q u e n t l y  p r o d u c i n g  an i n c r e a s e  i n  s e l f - e s t e e m  and  

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

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

b e g i n n i n g  s t u d e n t .

w a l k t h r o u g h  i s  t h e  p r o c e s s  by  w h i c h  members o f  
t h e  p r o g r a m m i n g  g r o u p  r e v i e w  t h e  d e s i g n  o f  t h e  a l g o r i t h m .  
Th ey  "w a lk  t h r o u g h "  t h e  i n p u t  and p r o c e s s i n g  t o  l o o k  f o r  
e r r o r s  i n  l o g i c  and s y n t a x  and c r i t i c i z e  v a r i o u s  a s p e c t s  
o f  t h e  p r o g r a m  d e s i g n  ( B o h l , 1 9 S 2 ) .
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P r o c e d u r a l  C o n c e r n s  When E m p l o y i n g  Group P r o gr am m in g  In 
I n t r o d u c t o r y  C o u r s e s

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

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

f a c u l t y  t i m e  r e q u i r e m e n t , s t u d e n t  t i m e  r e q u i r e m e n t ,  

g r a d i n g  p r o c e d u r e s ,  g r o u p ,  f o r m a t i o n  and s i z e .

1.  One o f  t h e  main  d e t e r r e n t s ,  c i t e d  by  e d u c a t o r s ,  

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

program m ing  c o u r s e s ,  i s  t h e  amount o f  f a c u l t y  t i m e  

r e q u i r e d  f o r  s u c c e s s .  Teamwork may be  new and u n n a t u r a l  

f o r  b o t h  t h e  s t u d e n t  and t h e  i n s t r u c t o r  and may p r o v e  

e x h a u s t i n g  f o r  b o t h  <Crenshaw , 1 9 7 8 ;  P e r r y  3< S o n d a k ,

1 9 7 8 ) .

A l t h o u g h  t h e  c o m m itm e n t  r e q u i r e d  i n  p r e p a r i n g ,  

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

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

p r ogr am m in g  c l a s s ,  I r b y  ( 1 9 7 7 )  v i e w s  pr ogr am m ing  w i t h i n  

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

l e c t u r e  a p p r o a c h  when c l a s s e s  a r e  k e p t  s m a l l .

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

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

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

i  n s t r u c t o r  •’ s  j o b  (Guha,  C ar r  S< S m i t h ,  1 9 7 7 ) .  The  

i n s t r u c t o r rs  r o l e  b e c o m e s  t h a t  o f  p r o j e c t  m anager  (B ak e r  

1970;  I r b y ,  1 9 7 7 ) ,  m e d i a t o r ,  c o n s u l t a n t  ( M e n n in g a ,  1974 ;  

W i l l i a m s ,  1976 )  c o n t i n u a l l y  e n c o u r a g i n g  and c o u n s e l i n g  

g r o u p  members t h r o u g h o u t  t h e  t e r m  (Hom eyer ,  1 9 7 7 ;
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K h a i l a n y  S< S a x o n ,  1 9 7 8 ;  K o r f h a g e  ?< S m i t h ,  197 4 ;  Lem os ,  

197S ;  M o c c i d o ,  1 9 7 8 ) .

T h i s  c o n s i d e r a b l e  i n c r e a s e  i n  w o r k l o a d  -for - f a c u l t y ,  

e s p e c i a l l y  f o r  e v a l u a t i o n ,  i s  som ew hat  o f f s e t  by t h e  

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

t o  a n s w e r  many o f  t h e i r  own q u e s t i o n s  or  t h o s e  o f  t h e i r  

g r o u p  members  and by  h a v i n g  t o  r e l a t e  t o  a f e w  g r o u p s  

i n s t e a d  o f  t o  a c o u p l e  o f  d o z e n  s t u d e n t s  ( A r t z t ,  1 9 7 9 ,  

S h e l l y  & Cashman,  1 9 7 7 ) .

2 .  H eavy  t i m e  c o m m i t m e n t s  a r e  r e q u i r e d  n o t  o n l y  f rom  

i n s t r u c t o r s  b u t  f r o m  s t u d e n t s  a s  w e l l .  A l t h o u g h  a m a jo r  

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

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

t h e i r  t i m e ,  m ore  s o  t h a n  t h e  t y p i c a l  t h r e e - c r e d i t  c o u r s e ,  

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

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

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

p a s s i v e  r o l e s  i n t o  a c t i v e  o n e s .  Now t h e y  m ust  

c o m m u n i c a t e  o r a l l y  a s  w e l l  a s  on p a p e r  and  t i m e  t o  m e e t  

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

c l a s s r o o m  m u st  b e  a r r a n g e d  ( M a v a d d a t ,  19 7 6 ;  M e n n i n g a ,

1 9 7 4 ,  Tam S< B u s e n b e r g ,  1 9 7 7 ;  W eaver ,  1 9 7 8 ,  W i l l i a m s ,

1 9 7 6 ) .

The s u c c e s s  o f  t h e  p r o g r a m m in g  w i t h i n  a g r o u p  

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

s t u d e n t s ,  a n d ,  w i t h  e a c h  member b e i n g  r e q u i r e d  t o  

c r i t i q u e  p r o g r a m s  a s  w e l l  a s  w r i t e  t h e m ,  s p e c i f i c
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s c h e d u l e s  m ust  b e  • f o l l o w e d  s t r i c t l y .  F ' r o c r a s t i n a t i  on  

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

f u n c t i o n  ( T e a g u e ,  19S1)  and i t ' i s  e x p e c t e d  t h a t  t h e  

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

k e e p  d e a d l i n e s  (Freeman;,  1 9 7 6 ) .

H ow e ve r  w i t h  many s t u d e n t s  h a v i n g  j o b  a n d / o r  home  

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

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

i m p o s s i b l e  ( C r e n s h a w ,  1 9 7 8 ;  F r e e m a n ,  1 9 7 6 ;  Horneyer,

1 9 7 7 ) .  Some s t u d e n t s  may r e s e n t  s p e n d i n g  t i m e  o u t s i d e  o f  

t h e  c l a s s r o o m  and may n o t  b e  w i l l i n g  t o  i n v e s t  t h e  t i m e  

dem anded  f o r  t h e  g r o u p  p r o j e c t  (Buck & S h n e i d e r m a n ,  1 9 7 6 ;  

C o s t e l l o  & S c h o n b e r g e r ,  1 9 7 7 ,  K h a i l a n y  & S a x o n ,  197S;

R i p l e y ,  1 9 7 5 ) .

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

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

so m e w h a t  o f f s e t  b y  t h e  s a v i n g  o f  t i m e  n o r m a l l y  s p e n t  on 

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

b y  t h e  r e d u c t i o n  i n  t h e  number o f  r u n s  r e q u i r e d  t o  

p r o d u c e  a c o r r e c t  p r o g r a m  ( S h e l l y  & Cashman,  1977 ;

W e i n b e r g ,  N o t e  6 ) .

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

r e q u i r e m e n t s  b y  t h e  i n s t r u c t o r  and  s t u d e n t ,  g r o u p  p r o c e s s  

d e m an d s  s p e c i a l  g r a d i n g  t e c h n i q u e s .  G r a d i n g  a s t u d e n t ' s  

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

P r o b l e m - s o l v i n g  i s  an i n d i v i d u a l ,  p e r s o n a l  a c t i v i t y  and  

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

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

i n s t r u c t o r  and s t u d e n t  ( G r i e s ,  1 9 7 4 ) .

Today  s i m p l y  g e t t i n g  p r o g r a m s  t o  work by any  m eans  

w h a t s o e v e r  i s  no  l o n g e r  a c c e p t a b l e .  O b s c u r e  p r o g r a m s  a r e  

p e n a l i z e d  and r e q u i r e m e n t s  o f  c o n s i s t e n t  s t a t e m e n t s ,  

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

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

g r a d i n g  p r o c e d u r e s  t h a t  v a r y  f r o m  a l l o t t i n g  507. f o r  

d e s i g n  and  d o c u m e n t a t i o n  and SOX f o r  p r o c e s s i n g  

( W i l l i a m s ,  1 9 7 6 )  t o  20X f o r  p r o c e s s i n g  and SOX f o r  d e s i g n  

t o  80X f o r  p r o c e s s i n g  and 20X f o r  d e s i g n  ( H a z e n ,  N o t e  7 ) .

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

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

Now t h e  i n s t r u c t o r  m ust  b e  a b l e  t o  e v a l u a t e  t h e  

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

g r o u p  m i l i e u  (Guha,  Carr  S< S m i t h ,  1 9 7 7 ) .  I t  b e c o m e s  

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

i n t e r a c t i o n s  t o  k e e p  c l e a r  t h e  r e l a t i v e  s t r e n g t h s  and 

w e a k n e s s e s  o f  e a c h  s t u d e n t  ( f irnow, 1 9 8 1 ;  F r e e m a n ,  1 9 7 6 ,  

S p e n c e  & G r o i n ,  1 9 7 8 ) .

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

same g r a d e  f o r  t h e  p r o j e c t  t h e y  c o m p l e t e  ( F r e e m a n ,  1976 ;  

S c h u l m a n ,  1 9 7 7 ) .  Some p r e f e r  i n s t r u c t o r  and t e a m m a t e s  t o  

b e  i n v o l v e d  i n  e v a l u a t i o n .  T h i s  g r a d i n g  m ethod  

n e c e s s i t a t e s  p e e r  r e v i e w s ,  w r i t t e n  c r i t i q u e s  and  

e v a l u a t i o n s  o f  t e a m  m e m b e r s 1' p r o g r a m s  ( K e n w o r t h y  St
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R e d i s h ,  1 9 7 9 ;  K h a i l a n y  S< S a x o n ,  197S)  .

O th e r  i n s t r u c t o r s  may s p e c i f y  t h e  f o l l o w i n g  g r a d i n g  

p r o c e d u r e ;  157. f o r  o r a l  p r e s e n t a t i o n ,  7 0 7. f o r  w r i t t e n  

p r e s e n t a t i o n  and 157  f o r  t e a m  p e r f o r m a n c e .  L e a d e r s h i p  i s  

r e w a r d e d  and " p a s s e n g e r s "  a r e  p e n a l i z e d .  How t h e  l a t t e r  

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

may b e c om e  o b v i o u s  i n  i n d i v i d u a l l y  t a k e n  o r a l  and w r i t t e n  

e x a m s .

4 .  A n o t h e r  c o n c e r n  r e p o r t e d  by  t h o s e  e m p l o y i n g  g r o u p  

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

s h o u l d  b e  c r e a t e d .  G r o u p s  i n  program m ing  c o u r s e s  a r e  

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

s e l e c t i o n ,  s e l f - s e l e c t i o n  o r  h e t e r o g e n e o u s  s e l e c t i o n  d o n e  

by  t h e  i n s t r u c t o r .

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

and i n t e r e s t  o f  t h e  s t u d e n t s  i s  som ew hat  h o m o g e n e o u s ,  t h e  

m ethod  o f  random s e l e c t i o n  i s  o f t e n  u s e d .  But i n  l o w e r  

l e v e l  c o u r s e s  t h i s  random a p p r o a c h  may f o r m  a g r o u p  

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

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

p e r s o n a l i t i e s  i n t o  t h e  sam e  g r o u p .

Some i n s t r u c t o r s  do  random g r o u p i n g  f o r  e a c h  

a s s i g n m e n t .  In t h i s  m a n n e r ,  i f  g r o u p s  w i t h  p e r s o n a l i t y  

c o n f l i c t s  or  members o f  l o w  a b i l i t y  a r e  f o r m e d ,  i t  i s  

o n l y  f o r  a s h o r t  p e r i o d  o f  t i m e  (C r e n s h a w ,  197 8 ;  Lemos ,

1 9 7 8 ) .

To a v o i d  t h e s e  p r o b l e m s  o t h e r  c o m p u t e r  e d u c a t o r s
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p e r m i t  s t u d e n t s  t o  f o r m  t h e i r  own g r o u p s .  In t h i s  m ethod  

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

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

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

o c c u r  (H om eyer ,  1 9 7 7 ;  P e r r y  8< Weymouth,  1 9 7 5 ) .

A d d i t i o n a l l y ,  i n  a s t u d y  d o n e  b y  K o r f a g e  and S m it h  

( 1 9 7 4 )  s e l f - s e l e c t i o n  l e d  t o  a  p o o r l y  f u n c t i o n i n g  g r o u p  

when a s t r o n g  i n t i m a t e  pow er  s t r u g g l e  d e v e l o p e d  b e t w e e n  

two  f r i e n d s  on  t h e  same t e a m .

A v a r i a t i o n  o f  t h e  s e l f - s e l e c t i v e  m eth od  u s e d  i n  

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

o f  s u g g e s t e d  p r o j e c t s  ( o r  s u b r o u t i n e s )  and h a v e  s t u d e n t s  

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

s i g n i n g  up f o r  t h e  same p r o j e c t  ( o r  s u b r o u t i n e )  f o r m  a  

g r o u p  (C ook ,  1 9 7 7 ;  I r b y ,  1 9 7 7 ) .

How ever  t h e  m ethod  o f  g r o u p  f o r m a t i o n  r e c e i v i n g  m ost  

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

b a l a n c e s  t h e  members'" a b i l i t i e s  t o  f o r m  a h e t e r o g e n e o u s  

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

s t u d e n t s  p e r f o r m e d  on a prog r a m m in g  a s s i g n m e n t  when t h e y  

w e r e  u n g r o u p e d  ( C r e n s h a w ,  1 9 7 8 ) ;  s o m e t i m e s  t h e  g r a d e  

p o i n t  a v e r a g e  o r  p r e v i o u s  e x p e r i e n c e  i n  c o m p u t e r s  or  

g r o u p  l e a d e r s h i p  i s  c o n s i d e r e d  (Comaa,  K ram er,  & P e n n e y ,  

1 9 7 8 ;  H om eyer ,  1 9 7 7 ;  P e r r y  ?< Weymouth,  1 9 7 5 ;  S c h u l m a n ,  

197 7 ;  W i l l i a m s ,  1 9 7 6 ) .

The s i z e  o f  g r o u p s  v a r i e s  a s  much a s  t h e  m e t h o d  o f  

f o r m a t i o n .  E v e r y t h i n g  f r o m  a "two-member  c a s u a l  j o i n i n g "
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t o  a d e c l a r e d  s e v e n  member t e a m  i s  c o n s i d e r e d  a g r o u p  i n  

c o m p u t e r  s c i e n c e  p r o g r a m m i n g .  Some i n s t r u c t o r s  p r e f e r  

g r o u p s  o f  t w o  o r  t h r e e  s t u d e n t s  (C oop e r  & L a n e ,  1 9 7 6 ;  

F r e e m a n ,  1 9 7 6 ;  K e n w o r th y  & R e d i s h ,  1 9 7 9 ;  K o r f h a g e  S<

S m i t h ,  1 9 7 4 ;  Lem os ,  1 9 7 8 ;  F'lum & W e i n b e r g ,  1 9 7 4 ;

R u s c h i t z k a ,  1 9 7 7 ;  S c h u l m a n ,  1 9 7 7 ) ;  w h e r e a s  o t h e r s  c l a i m  

t h a t  - four t o  f i v e  t o  e v e n  s e v e n  member g r o u p s  a r e  t h e  

opt im um  (Comaa e t  a l . ,  1 9 7 8 ;  C r e n s h a w ,  1 9 7 8 ;  M o c c i d o ,

1 9 7 8 ;  Tam 2< B u s e n b e r g ,  1 9 7 7 ;  W i l l i a m s ,  1 9 7 6 ) .

F r e em a n  ( 1 9 7 6 )  s t a t e s  t h a t  t h e  o p t i m a l  g r o u p  s i z e  i s  

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

s c h e d u l i n g  w e e k l y  m e e t i n g s  and t o o  much o p p o r t u n i t y  

e x i s t s  f o r  a s t u d e n t  member n o t  t o  c a r r y  a f a i r  s h a r e  o f  

t h e  l o a d .  I t  s e e m s  t h a t  a b a l a n c e  b e t w e e n  a two-m em ber  

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

and a f o u r - m e m b e r  team  w h e r e  som e  s t u d e n t s  c o u l d  b e  l e f t  

o u t  or  l e a v e  t h e m s e l v e s  o u t ,  i s  a t h r e e - m e m b e r  g r o u p .

T h r e e  R e c e n t  S t u d i e s  E v a l u a t i n g  The Group Program m in g
I n s t r u c t i o n a l  Method

S t u d y  I

E m p l o y i n g  t h r e e - m e m b e r  g r o u p s ,  E < a s i l i  and R e i t e r  

( 1 9 8 1 )  d e v e l o p e d  a  p r o c e s s  m e t r i c s  t h a t  s u b s t a n i a t e d  t h e  

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

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

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

t h r e e - p e r s o n  d i s c i p l i n e d  g r o u p s  (DT) ,  t h r e e - p e r s o n  a d - h o c
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g r o u p s  (AT) and a d - h o c  i n d i v i d u a l s  ( A I ) ;  a l l  i n v o l v e d  i n  

s o f t w a r e  d e v e l o p m e n t .

A l t h o u g h  a r e a s o n a b l e  d e g r e e  o f  h o m o g e n i t y  w as  

a s s u m e d  t o  e x i s t  among p e r s o n a l  f a c t o r s  o f  p a r t i c i p a n t s ,  

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

t o  b e  p e r s o n a l  a b i l i t y  and e x p e r i e n c e  and amount o f  

a c t u a l  t i m e / e f f o r t  d e v o t e d  t o  t h e  p r o j e c t .  T h e s e  w e r e  

i n f e r r e d  t o  v a r y  i n  a random  manner  among t h e  g r o u p s  and  

w i t h  i n f o r m a t i o n  f r o m  a p r e t e s t  q u e s t i o n n a i r e ,  an a t t e m p t  

w as  made t o  b a l a n c e  t h e  a b i l i t y / e x p e r i e n c e  o f  t h e  DT 

g r o u p .

The t e a m s  w o r k e d  i n d e p e n d e n t l y  and t h e  c o m p u t e r  

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

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

s o f t w a r e  p r o j e c t s  d e v e l o p e d .

B a s i l i  and R e i t e r  w e r e  c o n c e r n e d  w i t h  b o t h  t h e  

p r o c e s s  u s e d  and t h e  p r o d u c t  p r o d u c e d  by e a c h  o f  t h e  

g r o u p s .  The " h e a r t "  o f  t h e  d i s c i p l i n e d  t e a m  a p p r o a c h  w as  

t h e  f o r m a l  w a l k t h r o u g h  ( s e e  F o o t n o t e  2 )  r e q u i r e d  o f  a l l  

i t s  members and t h e  r e p o r t e d  r e s u l t s  s t r o n g l y  s u p p o r t e d  

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

b u i l d i n g  r e l i a b l e  s o f t w a r e  e f f i c i e n t l y  ( i . e . ,  f e w e r  b u g s ,  

f e w e r  r e v i s i o n s ) .  M o d e r a t e l y  s u b s t a n i a t e d  by t h e  

e x p e r i m e n t  w as  t h e  c l a i m  t h a t  t h e  p r o d u c t  p r o d u c e d  by  t h e  

BT c l o s e l y  r e s e m b l e d  t h a t  o f  t h e  AI and w a s  n o  w o r s e  t h a n  

t h a t  o f  t h e  AT.
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S t u d y  I I

C l a i m i n g  t h a t  e v e r y  p r o gr am m in g  c l a s s ,  r e g a r d l e s s  o f  

w h e t h e r  i t  i s  an i n t r o d u c t o r y  c l a s s  -for n o n - m a j o r s  o r  t h e  

f i n a l  pr ogr am m in g  c l a s s  f o r  m a j o r s ,  s h o u l d  i n c l u d e  f o r m a l  

p e e r  r e v i e w ,  S h e l l y  and Cashman ( 1 9 7 7 )  d e s i g n e d  

e x p e r i m e n t s  t o  s t u d y  t h e  a b i l i t y  o f  t h r e e —member g r o u p s ,  

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

p r o d u c t i v i t y  and q u a l i t y  o f  programmer s o f t w a r e .

A l t h o u g h  s t u d e n t s  l e a r n  f r o m  m akin g  e r r o r s  and from  

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

p r o g r a m s ,  S h e l l y  and Cashman o b j e c t e d  t o  t h e  i d e a  t h a t  i n  

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

o c c u r r e n c e .

The e x p e r i m e n t s  d e m o n s t r a t e  t h a t  p e e r  r e v i e w  o f

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

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

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

t h e i r  p r o g r a m s  w o u ld  b e  r e v i e w e d ,  s t u d e n t s

t o o k  more t i m e  i n  p r e p a r i n g  t h e  p r o g r a m s  and w e r e  
more c o n s c i o u s  o f  w h e t h e r  t h e i r  p r o g r a m  w as  r i g h t ,  o r  
wrong t h e n  t h e y  w o u ld  b e  i n  t h e  c a s e  o f  t h e i r  m e r e l y  
c o d i n g  t h e  program  and " t h r o w i n g "  i t  on  t h e  c o m p u t e r  
t o  s e e  what  w o u ld  h a p p e n .  ( p .  12)

The s t u d e n t s  w e r e  d i v i d e d  i n t o  t h r e e - p e r s o n  g r o u p s ,  

but. t h e  prog r a m m in g  was  n o t  a g r o u p  p r o j e c t .  Each  

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

The d e s i g n s  w e r e  r e v i e w e d  b u t  n o t  c om p ared  by  g r o u p  

mem bers .  The w a l k t h r o u g h s  ( s e e  F o o t n o t e  2 )  i n s u r e d  t h e  

g r o u p  member t h a t  h i s / h e r  p r ogr am  was  v a l i d  and l o g i c a l
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and w o u ld  s o l v e  t h e  p r o b l e m .  With c o n f i d e n c e ; ,  t h e  

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

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

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

b e f o r e  i t  w as  r u n .  I f  t h e  d e s i g n  was  d e t e r m i n e d  

i n c o r r e c t ,  t h e  s t u d e n t  w as  d i r e c t e d  t o  r e d e s i g n  t h e  

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

g r o u p  had t o  b e  made.

I n s t r u c t o r s  w e r e  a v a i l a b l e  a s  " c h i e f  p r o g r a m m e r s"  

( B a k e r ,  1 9 7 1 )  and c o n s u l t a n t s  and m o n i t o r e d  t h e  

p e r f o r m a n c e  o f  e a c h  t e a m  t o  i d e n t i f y  n o n - p a r t i c i p a t i n g  

s t u d e n t s .  Each s t u d e n t  s u b m i t t e d  t h e  number o f  e r r o r s  

d e t e c t e d ,  number o f  r u n s  n e c e s s a r y  and t h e  p r o g r a m  f o r  

t h e  i n s t r u c t o r s  t o  e v a l u a t e .  S t u d e n t s  r e c e i v e d  b o t h  an 

i n d i v i d u a l  g r a d e  and a t e a m  g r a d e  d e t e r m i n e d  b y  t h e  

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

t e a m .

S h e l l y  and Cashman,  a w a r e  o f  t h e  p r o b l e m s  w i t h  

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

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

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

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

mem bers  by  o t h e r  members  o f  t h e  g r o u p  ( i . e . ,  t h e  c o p y i n g  

o f  p r o g r a m s ) , c o u l d  b e  s o m e w h a t  c o n t r o l l e d  by c h a n g i n g  

g r o u p  members  f o r  e a c h  a s s i g n m e n t .

H o w e v e r ,  t h e  p r o b l e m  o f  a b s e n c e s  on t h e  d a y  o f  t h e  

w a l k t h r o u g h s  ( s e e  F o o t n o t e  2 )  c o u l d  n o t  b e  s o l v e d  by  t h e
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e x p e r i m e n t e r s .  The t h r e e - m e m b e r  g r o u p  t h e n  f u n c t i o n e d  a s  

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

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

The i n v e s t i g a t o r s  f o u n d  t h a t  s t u d e n t s  i n  t h e  s t u d y  

p r o d u c e d  a b e t t e r  p r o d u c t  and s p e n t  m ore  t i m e  i n  

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

a b o u t  p r o g r a m  d e s i g n  and  g o o d  p r o g r a m m in g  c o d e .

A l t h o u g h  t h e  i n t r o d u c t o r y  s t u d e n t  may n o t  be  
w e l l  v e r s e d  i n  a g i v e n  l a n g u a g e ,  t h r e e  s t u d e n t s  on a 
t e a m  h a v e  t h e  d i s t i n c t  a d v a n t a g e  t h a t  w h a t  o n e  
d o e s n ' t  know ,  o n e  o f  t h e  o t h e r s  p r o b a b l y  d o e s .  <p» 
15)

S t u d y  I I I

In  an a t t e m p t  t o  e s t a b l i s h  e m p i r i c a l l y  t h e  " a l l e g e d "  

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

t e c h n i q u e s  i n  p r o g r a m  l a n g u a g e  l e a r n i n g ,  Lemos <1 979a )  

c o n d u c t e d  a c o m p a r a t i v e  s t u d y  i n  an i n t r o d u c t o r y  COBOL 

c o u r s e  i n v o l v i n g  2 1 5  u n d e r g r a d u a t e  b u s i n e s s  m a j o r s .

Lemos  r a n d o m l y  g r o u p e d  s t u d e n t s  i n t o  four— member 

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

and c o d e s .  The  g r o u p  r e v i e w  s e s s i o n  w e r e  s c h e d u l e d  by  

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

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

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

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

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

a s s i g n m e n t  d i f f e r e n t  f o u r - m e m b e r  t e a m s  w e r e  f o r m e d .

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

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

c o m p l e t e  t h e  a s s i g n m e n t s .  No d i f f e r e n c e  w as  f o u n d  i n  t h e  

amount o f  homework c o m p l e t e d  by b o t h  t h e  e x p e r i m e n t a l  and 

c o n t r o l  c l a s s e s .

Lemos c o n c l u d e d  t h a t  c l a s s r o o m  l e c t u r e s  c a n  b e  more  

e f f e c t i v e l y  s u p p o r t e d  by s t r u c t u r e d  w a l k t h r o u g h s  ( s e e  

F o o t n o t e  2)  c o n d u c t e d  w i t h i n  g r o u p s  and t h a t  a l t h o u g h  t h e  

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

i n v o l v i n g  t e a m  a c t i v i t i e s  i n  l e a r n i n g  a p r o gr am m in g  

l a n g u a g e  w e r e  n e e d e d .
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CHAPTER IV 

PROCEDURES OF THE STUDY

The S e t t i n g

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

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

S p r i n g  198 2  s e m e s t e r ,  and i n v o l v e d  t h r e e  c l a s s e s  o f  an 

i n t r o d u c t o r y  l e v e l  c o u r s e ,  e n t i t l e d  S t r u c t u r e d  

Programm in g U s i n g  FORTRAN. The e d u c a t i o n a l  i n s t i t u t i o n  

s e r v i c e s  a p p r o x i m a t e l y  10,000  p a r t - t i m e  and f u l l - t i m e  

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

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

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

s c h e d u l e s .  The c o l l e g e  i s  r e c o g n i z e d  a s  a l e a d e r  among 

t h o s e  i n s t i t u t i o n s  r e s p o n d i n g  t o  t h e  "new" s t u d e n t  on 

campus  ( s e e  A p p e n d ix  A ) .

S t r u c t u r e d  Program m in g  U s i n g  FORTRAN i s  d e s i g n e d  a s  

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

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

s t u d e n t ' s  a b i l i t y  t o  e m p lo y  good  p r o gr am m in g  t e c h i q u e s  

s u c h  a s  s t r u c t u r e d  f o r m a t ,  t o p - d o w n  d e s i g n  ( s e e  F o o t n o t e  

1 ) and e x t e n s i v e  d o c u m e n t a t i o n  w h i l e  i n t r o d u c i n g  t h e  

s t u d e n t  t o  t h e  h i g h  l e v e l  l a n g u a g e ,  FORTRAN. The  

s t u d e n t s  a r e  t a u g h t  t o  s o l v e  p r o b l e m s  by  f o r m i n g
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a l g o r i t h m s  u s i n g  a s t r u c t u r e d  p s e u d o c o d e '3 and  t o  

t r a n s l a t e  th e m  i n t o  FORTRAN c o d e ,  t o  be .  e x e c u t e d  on  a DEC 

2 0  F'DP/11 m i n i c o m p u t e r .

S e l e c t i o n  o f  t h e  E x p e r i m e n t a l  and C o n t r o l  C l a s s e s

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

m ain  c a m p u s  on Monday and W ednesday  f ro m  9  a . m .  t o  1 0 : 5 0

a . m . ,  and t w o  a t  t h e  b r a n c h  c a m p u s ,  o n e  on S a t u r d a y  f ro m

9  a . m .  t o  1 1 : 5 0  a . m .  and t h e  o t h e r  on T h u r s d a y  f r o m  noon

t o  2 : 5 0  p .m .  B o t h  c a m p u s e s  draw t h e  m a j o r i t y  o f  t h e i r  

s t u d e n t s  f r o m  t h e  W e s t c h e s t e r  s u b u r b s .

A l t h o u g h  t h e  t w o  c l a s s e s  a t  t h e  b r a n c h  c a m p u s  w o u ld  

a p p e a r  t o  b e  m ore  s i m i l a r  ( m e e t i n g  on same c a m p u s ,  o n c e  a

w e e k ) ,  i t  h a s  b e e n  f o u n d  ( o b s e r v e d  by  i n v e s t i g a t o r  and

c o n f i r m e d  b y  c o l l e a g u e s )  t h a t  w e e k e n d  and e v e n i n g  

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

n o n - m a t r i c u l a t e d  and o f t e n  t a k i n g  o n e  c o u r s e  f o r  

s e l f - e n l i g h t e n m e n t . T h i s  was  s u b s t a n i a t e d  b y  t h e  s t u d e n t  

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

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

C o n s e q u e n t l y  t h e  tw o  w e e k d a y  c l a s s e s  w e r e  s e l e c t e d  

f o r  t h e  m a jo r  p a r t  o f  t h e  i n v e s t i g a t i o n — t h e  c o m p a r i s o n  

o f  t h e  s t u d e n t  w o r k i n g  w i t h i n  a  f i x e d  p r o g r a m m in g  g r o u p

P s e u d o c o d e  i s  an i n f o r m a l  d e s i g n  l a n g u a g e  t h a t  i s  
u s e d  t o  w r i t e  a l g o r i t h m i c  s t r u c t u r e d  p r o b l e m  s o l u t i o n s .
T h e  s o l u t i o n  i s  t h e n  t r a n s l a t e d  i n t o  a f o r m a l  p r o g r a m m in g  
1a n g u a g e .
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t o  t h e  p r o g r a m m i n g  s t u d e n t  w o r k i n g  i n d i v i d u a l l y ,  w i t h i n  

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

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

a - f t e r n o o n  c l a s s  and t h e  c o n t r o l  t o  t h e  main  c a m p u s  c l a s s .  

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

t h e  s e g r e g a t i o n  o-f t h e  t e a c h i n g  m e t h o d s  b e i n g  e x a m i n e d  i n  

t h e  i n v e s t i g a t i o n .

Group p r o g r a m m i n g  w a s  e m p l o y e d  a l s o  i n  t h e  S a t u r d a y  

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

g r o u p s  f o r  e a c h  p r o g r a m m i n g  a s s i g n m e n t .  H a v in g  t h e  main  

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

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

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

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

c l  a s s e s .

D e t e r m i n a t i o n  o f  H o m o q e n i t y  Of C l a s s e s

In  o r d e r  t o  s u b s t a n i a t e  a n y  o b s e r v e d  e x p e r i m e n t a l  

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

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

a l l  t h e  s u b j e c t s  i n  t h e  s t u d y .  Each  s t u d e n t  was  r e q u i r e d  

t o  c o m p l e t e  a s t u d e n t  q u e s t i o n n a i r e  ( s e e  A p p e n d ix  B ) , on 

w h i c h  t h e  s t u d e n t  l i s t e d  h i s / h e r  s e x ,  a g e ,  number o f  

w o r k - h o u r s  p e r  w e e k ,  number  o f  c o l l e g e  c r e d i t s  c o m p l e t e d ,  

number o f  c o m p u t e r  c o u r s e s  c o m p l e t e d ,  number o f  c r e d i t s  

b e i n g  c a r r i e d  f o r  t h e  s e m e s t e r .

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

v e r b a l  s k i l l s  w e r e  i n c l u d e d  i n  t h e  a s s e s s m e n t  ( s e e  

A p p e n d i c e s  C, D and E ) . The c o l l e g e  r e q u i r e s  a l l  

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

h o w e v e r ,  many s u b j e c t s  i n  t h e  s t u d y  w e r e  e i t h e r  t r a n s f e r  

o r  c e r t i f i c a t e  s t u d e n t s  o r  j u s t  w e r e  t a k i n g  o n e  c o u r s e  

and a s  s u c h  had n o t  t a k e n  a n y  p l a c e m e n t  e x a m i n a t i o n s .  

T h e s e  s t u d e n t s  w e r e  g i v e n  t h e  e x a m i n a t i o n s  by  t h e  

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

u n d e r  t h e  c o n d i t i o n s  p r e s c r i b e d  b y  t h e  B a s i c  S k i l l s  

C o o r d i n a t o r ,  and a t  t i m e s  c o n v e n i e n t  t o  b o t h  e x a m i n e r  and  

exami n e e .

Th e  a r i t h m e t i c ,  a l g e b r a i c  and E n g l i s h  u s a g e  

p l a c e m e n t  e x a m i n a t i o n s  a r e  m u l t i p l e  c h o i c e  and w e r e  

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

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

a p o s i t i o n  t a k e n  by  t h e  s t u d e n t  w i t h  r e s p e c t  t o  a 

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

n e e d e d  t o  g r a d e  t h i s  e x a m i n a t i o n .  S i n c e  t h e s e  s e r v i c e s  

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

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

e v a l u a t i o n .

In o r d e r  t o  c o m p l e t e  an a c c u r a t e  a s s e s s m e n t ,  i t  was  

n e c e s s a r y  t o  a s c e r t a i n  t h e  p r e t r e a t m e n t  p r o g r a m m in g  

a b i l i t y  o f  t h e  s t u d e n t s .  The  p r e r e q u i s i t e  f o r  S t r u c t u r e d  

P r o g r a m m in g  U s i n g  FORTRAN i s  a c o u r s e  c a l l e d  I n t r o d u c t i o n  

t o  P r o g r a m m in g ,  w h i c h  c o m b i n e s  d a t a  p r o c e s s i n g  w i t h  BASIC
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l a n g u a g e  p r o g r a m m i n g . The  i n v e s t i g a t o r  h a s  t a u g h t  t h a t  

c o u r s e  s e v e r a l  t i m e s  and h a s  c o - a u t h o r e d  t h e  programm ing  

t e x t s  u s e d  by  t h e  s t u d e n t s  ( F a r l e y ,  B r o s s m a n  &

T u c c i a r o n e ,  197 9 ;  G rossman S< T u c c i a r o n e ,  1 9 8 1 ) .  However  

many o f  t h e  s t u d e n t s  i n  S t r u c t u r e d  P r ogr am m in g  U s i n g  

FORTRAN d o  n o t  t a k e  t h a t  r e q u i r e d  c o u r s e  b e c a u s e  t h e y  

h a v e  had a s i m i l a r  c o u r s e ( s )  e l s e w h e r e  ( p e r h a p s  i n  a 

d i f f e r e n t  program m ing  l a n g u a g e ) .

To m e a s u r e  t h e  p r e t r e a t m e n t  p r o g r a m m in g  s k i l l  o f  a l l  

t h e  s t u d e n t s  t h e  i n v e s t i g a t o r  d e s i g n e d  a s h o r t  ( 4 5  

m i n u t e s )  P r e l i m i n a r y  Programm in g P r o f i c i e n c y  T e s t  ( P P P ) .

The PPP ( s e e  A p p e n d ix  F) i s  l a n g u a g e  i n d e p e n d e n t  and  

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

w o u l d  be  e x p e c t e d  t o  a c q u i r e  i n  a f i r s t  e x p o s u r e  t o  a 

p r o g r a m m in g  l a n g u a g e .

The i n v e s t i g a t o r  had c o n d u c t e d  p i l o t  s t u d i e s  i n  

S p r i n g  1981 and i n  F a l l  1 9 8 1 ,  and had a d m i n i s t e r e d  t h e  

PPP t e s t  t o  s i x  c l a s s e s  o f  S t r u c t u r e d  Program m ing  U s i n g  

FORTRAN. I t  was  f o u n d  t o  a s s e s s  a d e q u a t e l y  t h e  b a s i c  

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

The PPP i s  d i v i d e d  i n t o  t h r e e  m ajor  p a r t s :  

d e b u g g i n g ,  r e a d i n g  and w r i t i n g .

1.  D e b u g g i n g .  S t u d e n t s  a r e  g i v e n  g r a m m a t i c a l  r u l e s  

o f  a  B A S I C - t y p e  l a n g u a g e  and a r e  r e q u i r e d  t o  d e t e c t  

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

2 .  R e a d i n g .  S t u d e n t s  a r e  r e q u i r e d  t o  d e m o n s t r a t e  

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

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

3 .  W r i t i n g .  S t u d e n t s  a r e  r e q u i r e d  t o  p e r f o r m  f o u r  

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

f l o w c h a r t  f o r m  and a s  a c o d e d  BASIC p r o g r a m .  (The  

m o d i f i c a t i o n s  may b e  d o n e  i n  BASIC c o d e  o r  a s  d r a w i n g s  on  

t h e  f l o w c h a r t . )

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

a s s i g n m e n t  s t a t e m e n t s ,  i n i t i a l i z e  a  v a r i a b l e ,  e s t a b l i s h  

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

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

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

S t u d e n t s  may h a v e  s t r e n g t h s  o r  w e a k n e s s e s  i n  an y  o n e  

o r  a l l  t h r e e  p a r t s  o f  t h e  PPP.  A s t u d e n t  who may n o t  

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

and s o  d o  w e l l  on  P a r t  1 and p o o r l y  on P a r t  3 .  S i n c e  t h e  

t h r e e  a s p e c t s  o f  prog r a m m in g  s k i l l  a r e  a l l  i m p o r t a n t  i n  

t h e  p r o c e s s  o f  p r o g r a m m in g  (L e m o s ,  1977;  S h n e i d e r m a n ,  

1 9 8 0 ) ,  s t r e n g t h  i n  an o n e  o f  t h e  them  w o u ld  b e  a p o s i t i v e  

c o n t r i b u t i o n  t o  a prog r a m m in g  g r o u p .

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

e a c h  s u b j e c t  t h e  PPP s c o r e  was  t h e  sum a c h i e v e d  on a l l  

t h r e e  p a r t s  b u t  t h e  s p e c i f i c  s t r e n g t h s  and w e a k n e s s e s  

w e r e  n o t e d .  A l t h o u g h  t h e  PPP w a s  n o t  a b l e  t o  a c c u r a t e l y  

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

t h e  t w o  e x t r e m e s  o f  p r o g r a m m in g  p e r f o r m a n c e .

The  e x p e r i m e n t  d i d  n o t  b e g i n  u n t i l  t h e  t h i r d
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p r o g r a m m i n g  a s s i g n m e n t  and s o  t h e  g r a d e s  on  pr ogr am m in g  

a s s i g n m e n t s  #1 and # 2 , and t h e  w r i t i n g  t i m e ,  t e r m i n a l  

t i m e  and number o f  r u n s  r e q u i r e d  -for p r o g r a m m i n g  

a s s i g n m e n t  #2 w e r e  a l s o  i n c l u d e d  i n  t h e  s t u d e n t  

c o m p a r a b i 1 i t y  a s s e s s m e n t .

E i g h t e e n  i t e m s  w e r e  u s e d  -for t h e  s t u d e n t  

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

b e l o w :

1.  S e x .  M a le  s t u d e n t s  w e r e  g i v e n  a c o d e  o-f 0  and  

• fem ale  s t u d e n t s  a c o d e  o-f 1 .

2 .  A g e .  S t u d e n t s  o-f t r a d i t i o n a l  c o l l e g e  a g e ,  

s e v e n t e e n  t o  t w e n t y - t w o ,  w e r e  g i v e n  a c o d e  o f  1 ; s t u d e n t s  

w h o s e  a g e s  w e r e  a b o v e  t w e n t y - t w o  w e r e  g i v e n  a c o d e  o f  2 .

3 .  E d u c a t i o n a l  S t a t u s .  The e d u c a t i o n a l  s t a t u s  o f  

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

t h a t  t h e  s t u d e n t  had c o m p l e t e d :  f r e s h m a n  l e v e l  or  b e l o w  

r e c e i v e d  a c o d e  o f  1 , s o p h o m o r e  l e v e l ,  a c o d e  o f  2 , 

j u n i o r  l e v e l ,  a  c o d e  o f  3 ,  s e n i o r  l e v e l ,  a  c o d e  o f  4 ,  

c o l l e g e  g r a d u a t e  l e v e l ,  a  c o d e  o f  5 ,  and g r a d u a t e  s c h o o l  

l e v e l ,  a  c o d e  o f  6 .

4 .  S e m e s t e r  L oad .  The s e m e s t e r  l o a d  w as  t h e  a c t u a l  

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

t h e  s e m e s t e r  i n  w h i c h  t h e  e x p e r i m e n t  w a s  c o n d u c t e d .  

Minimum s e m e s t e r  l o a d  w a s  t h r e e  c r e d i t s .

5 .  C om puter  B a c k g r o u n d .  The c o m p u t e r  b a c k g r o u n d  o f  

t h e  s t u d e n t  w as  t h e  number o f  c o m p u t e r  c o u r s e  c r e d i t s  

c o m p l e t e d  by  t h e  s t u d e n t .  Minimum c o m p u t e r  b a c k g r o u n d
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r e q u i r e d  -for t h e  c o u r s e  i n  w h ic h  t h e  e x p e r i m e n t  was  b e i n g  

c o n d u c t e d  was  t h r e e  c r e d i t s .

6 .  Number o-f W o r k - h o u r s  Per  Week.  The number o f  

h o u r s  p e r  week t h e  s t u d e n t  w as  e m p l o y e d  i n  a p a y i n g  j o b  

w as  u s e d  f o r  t h i s  i t e m .

7 .  C o l l e g e  P l a c e m e n t  Exam i n  A r i t h m e t i c .  A c o d e  o f  

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

a v e r a g e  l e v e l  5 a  c o d e  o f  1 i n d i c a t e d  t h a t  t h e  s t u d e n t  

p l a c e d  a t  t h e  a v e r a g e  l e v e l ;  and a c o d e  o f  2 i n d i c a t e d  

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

a r i t h m e t i c  a b i l i t y .

8 . C o l l e g e  P l a c e m e n t  Exam i n  A l g e b r a .  T h i s  i t e m  was  

c o d e d  s i m i l a r l y  t o  I te m  7 .

9 .  C o l l e g e  P l a c e m e n t  Exam i n  U s a g e .  T h i s  i t e m  w a s  

c o d e d  s i m i l a r l y  t o  I tem  7 .

1 0 .  PPP P a r t  1 . The s c o r e  a c h i e v e d  by  s t u d e n t s  on  

P a r t  1 o f  t h e  PPP r e f l e c t e d  t h e  s t u d e n t ' s  a b i l i t y  t o  

l o c a t e  and c o r r e c t  e r r o r s  i n  p r o g r a m m in g  c o d e .  Minimum 

s c o r e  w as  z e r o  and maximum s c o r e  w a s  t e n .

1 1 .  PPP P a r t  2 .  The s c o r e  a c h i e v e d  by  t h e  s t u d e n t  

on P a r t  2  o f  t h e  PPP r e f l e c t e d  t h e  s t u d e n t ' s  a b i l i t y  t o  

r e a d  a c o m p u t e r  p r o g r a m .  S c o r e  r a n g e  w as  f r o m  z e r o  t o  

t e n .

1 2 .  PPP P a r t  3 .  The s c o r e  a c h i e v e d  by  t h e  s t u d e n t  

on P a r t  3  o f  t h e  PPP r e f l e c t e d  t h e  s t u d e n t ' s  a b i l i t y  t o  

m o d i f y  an e x i s t i n g  c o m p u t e r  p r o g r a m .  S c o r e  r a n g e  was  

f r o m  z e r o  t o  t e n .
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13 .  T o t a l  PPP S c o r e .  S c o r e  r a n g e  f o r  t h i s  i t e m  was  

f r o m  z e r o  t o  t h i r t y  and w as  t h e  sum o f  t h e  s c o r e s  

o b t a i n e d  by t h e  s t u d e n t  on I t e m s  1 0 ,  11 and 12 .

14 .  Grade  o f  Program m in g  A s s i g n m e n t  # 1 .  The f i r s t  

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

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

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

Program m in g  U s i n g  FORTRAN c o u r s e s .  S c o r e  r a n g e  w a s  f rom  

z e r o  t o  t e n .

1 5 .  Grade  on Program m in g  A s s i g n m e n t  # 2 .  The s e c o n d  

a s s i g n m e n t  r e q u i r e s  t h e  s t u d e n t  t o  w r i t e  a  s i m p l e  pr ogr am  

u s i n g  good  program m ing  s t y l e  and r e f l e c t s  t h e  m a t e r i a l  i n  

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

c o u r s e .  S c o r e  r a n g e  was z e r o  t o  t e n .

I S .  W r i t i n g  T im e.  T h i s  s c o r e  r e p r e s e n t e d  t h e  t i m e  

( i n  h o u r s )  t h e  s t u d e n t  s p e n t  w r i t i n g ,  d e s i g n i n g  and  

c o r r e c t i n g  t h e  program  s o l u t i o n  f o r  a s s i g n m e n t  # 2 .  The  

t i m e  was  r e c o r d e d  by  t h e  s t u d e n t .

17 .  Computer  T e r m in a l  T im e.  T h i s  s c o r e  r e p r e s e n t e d  

t h e  t i m e  ( i n  h o u r s )  s p e n t  by  t h e  s t u d e n t  a t  t h e  c o m p u te r  

t e r m i n a l  f o r  program m ing  a s s i g n m e n t  # 2 .  The t i m e  was  

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

l o g o u t .

18 .  Number o f  R u n s .  T h i s  i t e m  was  t h e  number o f  

r u n s  n e e d e d  f o r  a c o r r e c t  e x e c u t i o n  o f  p r o gr am m in g  

a s s i g n m e n t  #2 and was  r e c o r d e d  by t h e  c o m p u t e r  a s  t h e  

g e n e r a t i o n  number o f  t h e  s t u d e n t ' s  f i l e .
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The 1 8 - i t e m  s t u d e n t  a s s e s s m e n t  -for h o m o g e n i t y  o-f 

c l a s s e s  was  a n a l y z e d  b y  J ^ - t e s t  s t a t i s t i c s  t o  i d e n t i f y  any  

i t e m s  d e m o n s t r a t i n g  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  t h r e e  

c l a s s e s .  Any i t e m s  s o  i d e n t i f i e d  w e r e  c o n s i d e r e d  when  

i n t e r p r e t a t i n g  t h e  r e s u l t s  o f  C o m p a r i s o n s  1,  2 ,  and 3 .

T a b l e s  1 p r e s e n t s  t h e  r e s u l t s  o f  t h e  a n a l y s i s  o f  t h e  

1 8 - i t e m  a s s e s s m e n t  o f  h o m o g e n i t y  f o r  t h e  c o n t r o l  c l a s s  

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

p r o g r a m m in g  and  f o r  t h e  e x p e r i m e n t a l  c l a s s  e m p l o y i n g  

f i x e d  s t u d e n t  p r o g r a m m in g  g r o u p s .  T a b l e  2  p r e s e n t s  t h e  

r e s u l t s  o f  t h e  a s s e s s m e n t  f o r  t h e  c o n t r o l  c l a s s  and t h e  

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

a s s i g n e d  g r o u p s .  T a b l e  3 p r e s e n t s  t h e  r e s u l t s  f o r  t h e  

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

m e t h o d s .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



www.manaraa.com

73

T a b l e  1

I t e m  Mean and S t a n d a r d  D e v i a t i o n  on t h e  S t u d e n t
C o m p a r a b i l i t y  A s s e s s m e n t  -for C o m p a r i s o n  i

C o n t r o l  C l a s s  E x p e r i m e n t a l  C l a s s
<I n d i v i d u a l  ( F i x e d  Group
P r o g r a m m in g )  P r o g r a m m in g )

I te m
1

M
. 4 7 6 2

SD
. 5 1 2

M
. 5 5 0 0

SD
. 5 1 0

X. 1 . 3 3 3 3 . 4 8 3 1 . 4 0 0 0 . 5 0 3

3 2 . 0 9 5 2 1 . 4 1 1 2 . 9 5 0 0 1 . 9 3 2

4 1 2 . 5 2 5 8 3 .  5 5 8 8 . 4 5 0 0 5 . 0 9 4 *

5 4 . 0 0 0 0 1 . 4 4 9 4 . 9 5 0 0 3 .  1 2 0

6 1 3 . 2 8 5 7 1 3 . 9 9 0 1 7 . 9 0 0 0 1 8 . 4 7 4

7 . 9 5 2 4 . 2 1 8 1 . 0000 . 000

8 1.0000 . 000 . 9 5 0 0

9 1 . 1 4 2 9 . 5 7 3 1.2000 . 5 2 3

10 6 . 9 5 2 4 1.  8 3 0 6 . 4 5 0 0 1 . 3 9 5

11 7 . 7 1 4 3 2 .  0 0 4 7 . 5 5 0 0 2 .  6 8 5

12 4 . 1 1 9 0 3 .  0 5 3 4 . 5 2 5 0 2 .6 8 8

13 1 8 . 7 8 5 7 3 .  7 0 0 1 3 . 5 2 5 0 4 . 9 5 9

14 7 . 7 6 1 9 3 .  3 1 5 9 . 2 9 0 0 1 . 8 9 1 *

15 7 . 7 2 8 6 3 .  150 8 . 4 0 0 0 rr

16 1 . 6 5 0 0 1.  5 0 4 1 . 6 9 4 4 1 . 0 7 7

17 1 . 5 5 5 6 1. 2 2 8 1 . 2 9 4 4 . 7 4 7

I S 5 . 3 3 3 3 5 .  0 1 8 2 . 8 3 3 3 3 . 4 5 1

*p < . 0 5
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T a b l e  2

I t e m  Mean and S t a n d a r d  D e v i a t i o n  on t h e  S t u d e n t
C o m p a r a b i l i t y  A s s e s s m e n t  -for C o m p a r i s o n  2

C o n t r o l  C l a s s  
<I n d i v i d u a l

E x p e r i m e n t a l  C l a s s  
( C h a n g i n g  Group

Item
Program m in g)  
M SD

Program m in g)
M SD

1 . 4 7 6 2 . 5 1 2 . 5 7 8 9 . 5 0 7

O
X - 1 . 3 3 3 3 . 4 8 3 1 . 7 3 6 8 . 4 5 2 *

3 2 . 0 9 5 2 1 . 4 1 1 2 . 5 2 6 3 1 . 9 5 4

4 1 2 . 5 2 5 8 3 . 5 5 8 6 . 7 8 9 5 4 . 4 6 7 *

5 4 . 0 0 0 0 1 . 4 4 9 5 . 0 5 2 6 2 . 8 3 8

6 1 3 . 2 8 5 7 1 3 . 9 9 0 3 1 . 0 5 2 6 1 1 . 5 2 5 *

7 . 9 5 2 4 . 2 1 8 . 9 4 7 4 . 2 2 9

8 1.0000 . 000 . 8 9 4 7 . 3 1 5

9 1 . 1 4 2 9 . 5 7 3 1 . 2 6 3 2 . 4 5 2

10 6 . 9 5 2 4 1 . 8 3 0 6 . 4 2 1 1 2 . 0 3 6

11 7 . 7 1 4 3 2 . 0 0 4 7 . 0 5 2 6 2 . 7 5 8

12 4 . 1 1 9 0 3 . 0 5 3 3 . 7 3 6 8 3 .  186

13 1 8 . 7 8 5 7 3 .  7 0 0 1 7 . 2 1 0 5 6 . 8 7 7

14 7 . 7 6 1 9 3 . 3 1 5 9 . 0 5 2 6 1 . 8 7 7

15 7 . 7 2 8 6 3 .  1 5 0 8 . 1 8 4 2 3 .  185

16 1 . 6 5 0 0 1 . 5 0 4 1 . 7 4 7 4 1 . 9 9 2

17 1 . 5 5 5 6 1 . 2 2 8 1 . 5 7 3 7 1 . 2 3 4

18 5 . 3 3 3 3 5 . 0 1 8 4 .0000 4 . 7 6 1

*p < . 05
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T a b l e  3

I t e m  Mean and S t a n d a r d  D e v i a t i o n  on t h e  S t u d e n t
C o m p a r a b i 1 i t y  A s s e s s m e n t  f o r  C o m p a r i s o n  3

Item

E x p e r i m e n t a l  
Cl a s s
( F i x e d  Broup  
Program m in q)  
M SD

E x p e r i m e n t a l
C l a s s
(C h a n g in g  Broup  
Program m in g)
M SD

1 . 5 5 0 0 . 5 1 0 . 5 7 8 9 . 5 0 7

r?X. 1 . 4 0 0 0 . 5 0 3 1 . 7 3 6 8 . 4 5 2

3 2 . 9 5 0 0 1 . 9 3 2 2 . 5 2 6 3 1 . 9 5 4

4 S ■ 4500 5 . 0 9 4 6 . 7 8 9 5 4 . 4 6 7

5 4 . 9 5 0 0 3 .  120 5 . 0 5 2 6 2 . 8 3 8

6 1 7 . 9 0 0 0 1 8 . 4 7 4 3 1 . 0 5 2 6 1 1 . 5 2 5 *

7 1.0000 . 000 . 9 4 7 4 . 2 2 9

8 . 9 5 0 0 . 2 2 4 . 8 9 4 7 . 3 1 5

9 1.2000 . 5 2 3 1 . 2 6 3 2 . 4 5 2

10 6 . 4 5 0 0 1 . 3 9 5 6 . 4 2 1 1 2 . 0 3 6

11 7 . 5 5 0 0 2 . 6 8 5 7 . 0 5 2 6 2 . 7 5 8

12 4 . 5 2 5 0 2 .688 3 . 7 3 6 8 3 .  186

13 I S . 5 2 5 0 4 .  9 5 9 1 7 . 2 1 0 5 6 . 8 7 7

14 9 . 2 9 0 0 1 . 8 9 1 9 . 0 5 2 6 1 . 8 7 7

15 8 . 4 0 0 0 3 .  2 2 2 8 . 1 8 4 2 3 .  185

16 1 . 6 9 4 4 1 . 0 7 7 1 . 7 4 7 4 1. 9 9 2

17 1 . 2 9 4 4 . 7 4 7 1 . 5 7 3 7 1 . 2 3 4

IB 2 . 8 3 3 3 3 . 4 5 1 4 . 0 0 0 0 4 .  761

*jd <  . 0 5
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F o r m a t i o n  o f  G r o u p s  In The E x p e r i m e n t a l  C l a s s e s

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

and t h e i r  PPP s c o r e ,  t h e  s t u d e n t s  w e r e  d i v i d e d  i n t o  t h r e e  

c a t e g o r i e s — " c r a c k e r j a c k " p r o g r a m m e r s ,  "weak"  

p r o g r a m m e r s ,  and " b e t w e e n - t h e - e > : t r e m e s "  p r o g r a m m e r s .  The  

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

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

c l a s s  and w h e r e  t h e  a p p r o p r i a t e  d i v i s i o n s  had t o  b e  made  

t o  i n s u r e  t h a t  t h e  e a c h  c a t e g o r y  w ou ld  h a v e  t h e  same  

number o f  s t u d e n t s .  T h i s  p r o c e d u r e  was  e m p l o y e d  i n  an 

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

h e t e r o g e n e o u s  t h r e e - p e r s o n  g r o u p s  i n  w h ic h  o n e  s t u d e n t  

f r o m  e a c h  c a t e g o r y  w o u ld  b e  s e l e c t e d .

In t h e  c l a s s  i n  w h i c h  t h e  h e t e r o g e n e o u s  g r o u p s  w o u ld  

b e  f i x e d  f o r  t h e  e n t i r e  s e m e s t e r ,  t h e  i n v e s t i g a t o r  

b a l a n c e d  t h e  p r o g r a m m in g  a b i l i t y  (PPP s c o r e ) / e x p e r i e n c e  

( r e c o r d e d  on t h e  S t u d e n t  I n f o r m a t i o n  S h e e t )  o f  t h e  

p a r t i c i p a n t s  and f o r m e d  t h r e e ^ p e r s o n  g r o u p s  ( B a s i l  i  §« 

R e i t e r ,  1 9 8 1 ;  S h n e i d e r m a n ,  I 9 6 0 ) .

In t h e  c l a s s  t h a t  w a s  t o  e x p e r i e n c e  g r o u p  

p r o g r a m m i n g  w i t h i n  c h a n g i n g  g r o u p s ,  a  c o m p u t e r  pr ogr am  

( s e e  A p p e n d i x  G ) , w r i t t e n  by  t h e  i n v e s t i g a t o r ,  r a n d o m l y  

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

( i . e . ,  e m p l o y i n g  t h e  m eth od  o f  s t r a t i f i e d  random  

s e l e c t i o n )  f o r  e a c h  pr ogr am m in g  a s s i g n m e n t .  C o i n c i d e n t l y
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b o t h  b r a n c h  campus  c l a s s e s  i n i t i a l l y  had s t u d e n t  b o d i e s  

t h a t  w e r e  m u l t i p l e s  o f  t h r e e .  H o w e v e r  a s  t h e  t e r m  

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

g r o u p s  and  p e r m i t t i n g  g r o u p s  o f  t w o  s t u d e n t s .  C a r e  was  

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

b a l a n c e  w h e r e v e r  p o s s i b l e .

The C o u r s e  O u t l i n e

A l l  t h r e e  d a y t i m e  c l a s s e s  w e r e  t a u g h t  by t h e  

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

t e x t s  and l e c t u r e  n o t e s  and  a t  t h e  sam e  p a c e .  One 

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

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

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

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

t h a t  w o u ld  b e  c h a n g e d  f o r  e v e r y  p r o g r a m m i n g  a s s i g n m e n t .  

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

IND, FHG and RHG.

A c o u r s e  o u t l i n e  w a s  d i s t r i b u t e d  t o  a l l  s e c t i o n s  a t  

t h e  f i r s t  c l a s s  m e e t i n g .  I t  d e t a i l e d  t h e  o b j e c t i v e s  and  

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

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

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

The IND’ s  o u t l i n e  i n c l u d e d  t h e  f a m i l i a r  e d i c t — "Do 

y o u r  own w o r k .  Any p r o g r a m s  t h a t  a r e  s h a r e d  w i l l  c a u s e  

b o t h  s t u d e n t s  i n v o l v e d  t o  s h a r e  a s i n g l e  g r a d e "  ( s e e  

A p p e n d i x  H ) . The o u t l i n e  o f  t h e  FHG and RHG c l a s s e s

R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.



www.manaraa.com

78

r e p l a c e d  t h a t  w i t h  a  -few p a r a g r a p h s  a b o u t  team  

p r o g r a m m i n g , p e e r  r e v i e w  and s t r u c t u r e d  w a l k t h r o u g h s  ( s e e  

A p p e n d ix  I ) .  To - f o s t e r  g r o u p  i n t e r a c t i o n  a n d ,  more  

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

pr ogr am m in g  a s s i g n m e n t  g r a d e  w o u ld  b e  an a v e r a g e  o f  t h e  

g r a d e s  r e c e i v e d  b y  a l l  t h e  members o f  t h e i r  t e a m  f o r  t h a t  

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

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

d u e  i n  c l a s s  e a c h  w e e k .

Th e  Broup Program m in g  P r o c e s s

The g r o u p  p r o g r a m m in g  p r o c e s s  was  d e s c r i b e d  t o  t h e  

FHG and RHG s e c t i o n s  a s  t h r e e ,  t w e n t y - m i n u t e  c l a s s  

m e e t i n g s  p e r  a s s i g n e d  p r o g r a m .  The f i r s t  w o u ld  b e  f o r  

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

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

F o o t n o t e  3 ) .

The s e c o n d  s e s s i o n  w ou ld  b e  an e x c h a n g e  o f  t h e i r  

FORTRAN c o d e d  p r o g r a m  s o l u t i o n s ,  hand w r i t t e n  o r  l i s t e d  

by t h e  c o m p u t e r .  Each  s t u d e n t  w o u ld  p e r u s e  h i s / h e r  team  

member’ s  p r ogr am  f o r  s y n t a c t i c a l  e r r o r s .  D a t a  w o u ld  b e  

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

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

t h i s  p o i n t  no  m a c h i n e - s t u d e n t  ( i . e . ,  c o m p u t e r - p r o g r a m )  

i n t e r a c t i o n  w as  r e q u i r e d .

A f t e r  t h e  n o t e d  b u g s  w e r e  r e m o v e d ,  t h e  g r o u p  w ou ld  

m e e t  i n  c l a s s  f o r  a t h i r d  t i m e  t o  g o  o v e r  t h e  f i r s t
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c o m p u t e r  r u n  o f  e a c h  t e a m  member’ s  p r o g r a m .  D u r i n g  t h i s  

s e s s i o n  t h e  g r o u p  w ou ld  d i s c u s s  t h e  e r r o r s  f o u n d  by  t h e  

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

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

r u n .  S t u d e n t s  w o u ld  n o t e  t h e  e r r o r s  t h a t  t h e  g r o u p  

r e v i e w  had m i s s e d .

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

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

D u r i n g  t h a t  c l a s s  m e e t i n g  t h e  g r o u p s  w ou ld  m e e t  t o  f i n i s h  

r e v i e w i n g  e a c h  o t h e r ’ s  pr o g r a m  r u n ,  and t h e n  w ou ld  l i s t e n  

t o  a l e c t u r e .  Then t h e  sam e  g r o u p ,  i n  FHG, and a new 

g r o u p ,  i n  RHG, w o u ld  m ee t  t o  a n a l y z e  t h e  n e x t  a s s i g n m e n t .  

Q u e s t i o n s  on  t h e  l e c t u r e  d e a l i n g  w i t h  new m a t e r i a l  c o u l d  

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

The. f i n a l  c o r r e c t  c o d e  and run o f  a pr ogr am m in g  

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

c o m p l e t e  and hand i n  t h e  n e x t  w e e k .  M e e t i n g s  w i t h  

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

e n c o u r a g e d .  For many s t u d e n t s  w i t h  f a m i l y  a n d / o r  jo b  

c o m m i t m e n t s  t h i s  w as  o f t e n  i m p o s s i b l e .

To f a c i l i t a t e  t h e  e x c h a n g e  o f  work b e t w e e n  members  

i n  a g r o u p ,  t h e  campus  t e r m i n a l  room c o n t a i n e d  a box  

i n t o  w h i c h  t h e  members  w e r e  t o  d e p o s i t  a n d / o r  p i c k u p  a 

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

member’ s  p r o g r a m ,  d u e  t o  b e  d i s c u s s e d  i n  t h e  g r o u p  r e v i e w  

s e s s i o n  t h a t  w e e k .  T h i s  p r o c e d u r e  s u p p o r t e d  t h e  f r e e ,  

o p e n  a t m o s p h e r e  p r o p o s e d  i n  c l a s s  i n  w h ic h  t h e r e  was  t o
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b e  n o  s e c r e t  c o d i n g  and i t  was "okay" t o  s e e  p r o g r a m s  o-f

o t h e r s  and r e c e i v e  h e l p .  I f  t h e  " d r o p - o f f "  box w e r e  u s e d

by t h e  t e a m ,  e a c h  member w o u ld  b e  a b l e  t o  r e v i e w  t h e

o t h e r  m e m b e r ' s  p r o g r a m s  b e f o r e  t h e  c l a s s  m et  a g a i n .  Of

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

many s t u d e n t s  f r o m  d o i n g  a s s i g n m e n t s  e a r l y  and

p a r t i c i p a t i n g  i n  t h e  " d r o p - o f f "  b o x .

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

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

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

p r o b l e m  o f  a s s i g n m e n t s  b e i n g  h a n d ed  i n  l a t e .  D e a d l i n e s

had t o  b e  a d h e r e d  t o  i n  o r d e r  t o  i n s u r e  t h a t  s t u d e n t s

w o u ld  k e e p  p a c e  w i t h  t h e  c o u r s e  and b e  a b l e  t o

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

l a t e  a s s i g n m e n t s  w a s  a 507. r e d u c t i o n  i n  pr ogr am

a s s i g n m e n t  g r a d e  ( F o s d i c k  & M ackey ,  1 9 7 9 ) .

L e f t  t o  t h e i r  own d e v i c e s ,  s t u d e n t s  w i l l  p o s t p o n e  
w o r k i n g  on a  p r o g r a m  t h e y  d o  n o t  f u l l y  u n d e r s t a n d  
and t h e n  a t t e m p t  t o  d o  i t  i n  a b u r s t  o f  e n e r g y  n e a r  
t h e  d u e  d a t e .  ( N o o n a n ,  1 9 7 9 ,  p .  18 8 )

The c l a s s r o o m  t i m e  s p e n t  b y  t h e  FH6 and RHG i n  g r o u p

work w as  u s e d  by  t h e  IND f o r  i n d i v i d u a l  a n a l y s i s ,  d e s i g n

and d e s k  c h e c k i n g ^  o f  p r o g r a m m in g  a s s i g n m e n t s ,  g o i n g  o v e r

homework and d o i n g  c l a s s r o o m  p r o b l e m s  and  p r o g r a m s .

4 A d e s k  c h e c k  i s  a  v i s u a l  i n s p e c t i o n  o f  t h e  p r o g r a m ,  
t r a c i n g  t h e  p a t h  o f  s a m p l e  d a t a  t h r o u g h  t h e  p r o g r a m ,  t o  
e l i m i n a t e  e r r o r s  i n  s y n t a x  and l o g i c  b e f o r e  s u b m i t t i n g  
t h e  p r o g r a m  t o  t h e  c o m p u t e r  ( S a n d e r s ,  1 9 7 9 ) .
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In a l l  s e c t i o n s  t h e  i n s t r u c t o r  w a l k e d  a r o u n d  t h e  

room and a c t e d  a s  a s  c o n s u l t a n t  and r e s o u r c e  

p e r s o n — g i v i n g  h i n t s  when n e c e s s a r y .  Any q u e s t i o n s  t h a t  

came up - f r e q u e n t l y ,  i n d i c a t i n g  a  s o u r c e  o-f 

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

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

D a t a  C o l l e c t i o n  b y  S t u d e n t s .

C o n s i d e r a t i o n  w as  g i v e n  t o  tw o  d e v i c e s  t h a t  may b e  

u s e d  t o  r e c o r d  a n e c d o t a l  and  s e l f - r e p o r t e d  d a t a  f r o m  t h e  

s t u d e n t s  i n  t h e  s t u d y .  One m ethod  i s  t o  h a v e  t h e  s t u d e n t  

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

v a r i o u s  f a c t s  a b o u t  e a c h  p r o g r a m m in g  a s s i g n m e n t  and hand  

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

m ethod  i s  t o  h a v e  t h e  s t u d e n t s  hand i n  t h e  r e q u e s t e d  d a t a  

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

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

c o n d u c t e d  i n  1 9 8 1 .  Each s t u d e n t  w as  r e q u e s t e d  t o  

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

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

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

i n  t h e  t e r m i n a l  room and a n y  c o m m e n t s ,  p r o  or  c o n ,  a b o u t  

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

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

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

t h e i r  l o g  b o o k s  up t o  d a t e  i t  p r o v e d  t o  b e  t o o  much o f  a 

c h o r e  f o r  t h e m .  At t h e  e n d  o f  t h e  s e m e s t e r  m o s t  s t u d e n t
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l o g  b o o k s  w e r e  e m p t y ,  i n a d e q u a t e l y  - f i l l e d  o u t  o r  h a s t i l y  

• f i n i s h e d .  T h i s  d e v i c e  p r o v e d  i n e f f i c i e n t .

C o n s e q u e n t l y  t h e  s e c o n d  d e v i c e ,  w h i c h  r e q u i r e d  

s t u d e n t s  t o  hand  i n  a summary s h e e t  w i t h  e a c h  c o m p l e t e d  

program m ing  a s s i g n m e n t ,  w a s  e m p l o y e d  i n  t h i s  s t u d y  and  

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

f ro m  t h e  s t u d e n t s .

On t h e  A s s i g n e d  P r ogr am  Summary S h e e t  ( s e e  A p p e n d i x  

J )  t h e  s t u d e n t s  r e c o r d e d :

1. The number and  t y p e  ( s y n t a c t i c a l  o r  l o g i c a l )  o f  

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

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

p r o g r a m s  h a n d ed  i n  ru n  s u c c e s s f u l l y ;  h o w e v e r ,  o f t e n  t h e  

o u t p u t  i s  i n c o r r e c t  o r  t h e  pr ogr am  h a s  n o t  c o n s i d e r e d  

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

u s e d . )

2 .  The t i m e  t o  a n a l y s e  t h e  p r o b l e m ,  w r i t e ,  and  

r e w r i t e  t h e  c o d e d  s o l u t i o n .  (For  t h e  RHG and FHG t h i s  

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

c l  a s s . )

3 .  The number o f  r u n s  o f  t h e  p r o g r a m  b e f o r e  i t  

" w o r k e d ."  ( T h i s  was  r e c o r d e d  by  t h e  c o m p u t e r  and  

a p p e a r e d  on t h e  p r i n t o u t  a s  t h e  g e n e r a t i o n  number o f  t h e  

f i l e .  For  e x a m p l e ,  EG RD.F0R.2S ,  i n d i c a t e s  2 8  r e v i s i o n s  

o f  t h e  f i l e  EGRO.FOR.)

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

a s s i g n m e n t .  ( I n c l u d e d  w o u ld  b e  t h e  t i m e  u s e d  t o  c r e a t e  a
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• f i l e ,  t y p e  i n  a p r o g r a m ,  e d i t  t h e  p r o g r a m ,  e x e c u t e  t h e  

pr o g r a m  and  t h e n ,  i-f n e c e s s a r y ,  e d i t  and e x e c u t e  t h e  

program  a g a i n  u n t i l  i t  "ran" s u c c e s s f u l l y .  T h i s  was  

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

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

t h a t  a s s i g n m e n t  w o u ld  b e  t o t a l e d  by  t h e  s t u d e n t  and  

r e c o r d e d  on  t h e  summary s h e e t . )

The summary d a t a  s h e e t  m ethod  o f  s t u d e n t  d a t a  

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

s t u d e n t s  up t o  d a t e  i n  t h e i r  d a t a  c o l l e c t i o n  t h a n  t h e  

s t u d e n t  l o g  book  m e t h o d .

In a d d i t i o n  t o  t h e  summary s h e e t ,  t h e  g r o u p e d  

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

g r o u p  w a l k t h r o u g h  f o r  t h a t  pr ogr am m in g  a s s i g n m e n t  ( s e e  

A p p e n d ix  K ) ; and t o  i n s u r e  t h a t  t h e y  r e a d  e a c h  o t h e r ^ s  

p r o g r a m s ,  do  e v a l u a t i o n  r a t i n g s  on t h e  p r o g r a m s  w r i t t e n  

by t h e i r  t e a m  members ( s e e  A p p e n d ix  L ) . B o th  o f  t h e s e  

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

u s e d  by S h n e i d e r m a n  ( 1 9 B 0 ) .  The s t u d e n t s  p a r t i c i p a t i n g  

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

o f  1981 w e r e  a s k e d  t o  u s e  and c r i t i q u e  t h e  r e v i e w  

r a t i n g s .  Any q u e s t i o n s  f o u n d  t o  b e  a m b i g i o u s ,  

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

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

t h e  p r e s e n t  s t u d y .

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

e a c h  q u e s t i o n  (on b o t h  r a t i n g  s h e e t s  w i t h  t h e  RHG and FHG
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c l a s s e s )  p r i o r  t o  t h e  - f i r s t  r e v i e w  i n  an e - f - for t  t o  

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

q u e s t i o n s  and t h e  r a t i n g  s c a l e  ( S h n e i d e r m a n , 1 9 8 0 ) .

G r a d i n g  P r o c e d u r e s

P r ogr am m in g  a s s i g n m e n t s  w e r e  g r a d e d  on  a s c a l e  o f  

z e r o  t o  t e n .  Each p r o g r a m m i n g  a s s i g n m e n t  was  c om p are d  t o  

a m ode l  s o l u t i o n  w r i t t e n  by t h e  i n s t r u c t o r .  S i n c e  t h e r e  

i s  no  o n e  c o r r e c t  s o l u t i o n  (L e m o s ,  1 9 7 7 ) ,  and t h e  

e f f i c i e n c y  o f  t h e  p r o g r a m  m e a s u r e d  by  t h e  amount o f  CPU 

u s e d  d u r i n g  p r o g r a m  e x e c u t i o n  ( a l s o  p r i n t e d  a t  l o g o u t  by  

t h e  c o m p u t e r )  and t h e  number o f  l i n e s  o f  c o d e  w e r e  n o t  

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

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

p o i n t s .  The r e m a i n i n g  t w o  p o i n t s  w e r e  e a r n e d  f o r  "good  

p r o g r a m m in g  s t y l e . "  The  c o n s e n s u s  among c o m p u t e r  

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

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

e a s i e r  t o  c o r r e c t  and e a s i e r  t o  m o d i f y .

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

P rogram m in g  U s i n g  FORTRAN a r e  (a )  o v e r a l l  t o p - d o w n  d e s i g n  

( s e e  F o o t n o t e  1 ) ,  (b)  c l e a r l y  worded  d e s c r i p t i o n s  o f  t h e

p u r p o s e  and t h e  p r o c e d u r e  o f  t h e  p r o g r a m ,  ( c )  u s e  o f  

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

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

d e c l a r a t i o n  o f  a l l  v a r i a b l e s ,  ( f )  i n d e n t a t i o n  t o  show  

s t r u c t u r e  and g r o u p i n g ,  (g)  e x t e n s i v e  u s e  o f  comment
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s t a t e m e n t s  f o r  a n y t h i n g  t h a t  i s  n o t  o b v i o u s ,  and (h)  

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

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

on a p r o g r a m .  Each p r o gr am m in g  a s s i g n m e n t  r e f l e c t e d  

a p p r o x i m a t e l y  o n e  c h a p t e r  i n  t h e  c o u r s e  t e x t b o o k  and  w a s  

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

The m id t e r m  and f i n a l  e x a m i n a t i o n s  w e r e  shown t o  

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

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

Th e  f o r m a t  o f  t h e  m id t e r m  and f i n a l  w e r e  s i m i l a r  t o  t h a t  

o f  t h e  F'PP e x c e p t  t h a t  t h e y  w e r e  b o t h  o p e n - b o o k  

e x a m i n a t i o n s .  The f i r s t  p a r t  o f  e a c h  e x a m i n a t i o n  

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

v a l u e s  t h a t  t h e  s t u d e n t  w a s  r e q u i r e d  t o  d e t e r m i n e  a s  

v a l i d  o r  i n v a l i d ,  and i n c l u d e d  t h e  i n t e r p r e t a t i o n  and  

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

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

The  s e c o n d  p a r t  o f  e a c h  e x a m i n a t i o n  p r e s e n t e d  a 

p r o g r a m  w r i t t e n  i n  p s e u d o c o d e  ( s e e  F o o t n o t e  3 )  o r  i n  

FORTRAN c o d e .  The s t u d e n t  was  r e q u i r e d  t o  w a l k  t h r o u g h  

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

T h e s e  f i r s t  t w o  p a r t s  o f  t h e  m id t e r m  and f i n a l  

e x a m i n a t i o n s  w e r e  g r a d e d  o b j e c t i v e l y .

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

s t u d e n t  t o  w r i t e  a  p r o g r a m  i n  FORTRAN. A m odel  a n s w e r ,  

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

on t h e  c o m p u t e r  f a c u l t y .  P o i n t  d i s t r i b u t i o n  w a s
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d i s c u s s e d  and t h e  v e r s i o n  u s e d  -for t h e  g r a d i n g  p r o c e d u r e  

was d e t e r m i n e d .

P r o g r a m s  w r i t t e n  by t h e  s t u d e n t s  i n  r e s p o n s e  t o  t h e  

t h i r d  p a r t  o f  e a c h  e x a m i n a t i o n  w e r e  g r a d e d  b y  t h e  tw o  

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

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

g r a d e r s  a g r e e d  i n  8S.3! /.  o f  t h e  c a s e s  and t h e  d i f f e r e n c e s ,  

when t h e y  o c c u r r e d ,  w e r e  n o  more  t h a n  tw o  p o i n t s .

In o r d e r  t o  m a i n t a i n  e x a m i n a t i o n  s e c u r i t y ,  t w o  f o r m s  

o f  t h e  m id t e r m  and f i n a l  w e r e  u s e d .  The IND and FH6 

c l a s s e s  w e r e  g i v e n  t h e  sam e  e x a m i n a t i o n s  b u t  t h e  RHG 

c l a s s  r e c e i v e d  a l t e r n a t e  f o r m s .  The f r a m e w o r k  o f  b o t h  

e x a m i n a t i o n s  w e r e  i d e n t i c a l  and t e s t e d  t h e  same  

p r o g r a m m in g  s k i l l s  ( s e e  A p p e n d i c e s  M and N ) .

The s t u d e n t s  i n  t h e  c o n t r o l  c l a s s ,  IND, t h a t  met  

t w i c e  a week t o o k  t h e  f i r s t  and s e c o n d  p a r t s  o f  t h e  

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

d u r i n g  t h e  n e x t  c l a s s  m e e t i n g .  The s t u d e n t s  i n  t h e  

e x p e r i m e n t a l  c l a s s e s ,  FHG and RHG, t h a t  met o n c e  a week  

t o o k  t h e  m id te r m  and f i n a l  i n  t h e i r  e n t i r e t y  d u r i n g  a 

s i n g l e  c l a s s  m e e t i n g .  E x t r a  t i m e  f o r  t h e  e x a m i n a t i o n s  

( m i d t e r m  and f i n a l )  w as  a v a i l a b l e  f o r  a l l  s t u d e n t s .

A t t i t u d e  Me a s u r e m e n t

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

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

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

i n s t r u c t i o n  - format .  The m o s t  f r e q u e n t l y  u s e d  m e t h o d s  o f  

m e a s u r i n g  a t t i t u d e  ( L i k e r t ,  1932 )  r e q u i r e s  s u b j e c t s  t o  

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

a b o u t  t h e  a t t i t u d e  o b j e c t .  E n d o r s e m e n t  o f  t h e  s t a t e m e n t  

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

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

e n d o r s e r  (Shaw 8< W r i g h t ,  1 9 6 7 ) .  The i n v e s t i g a t o r  

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

c o m p u t e r  program m ing  f ro m  a c o m b i n a t i o n  o f  i t e m s  on t h e  

M a t h e m a t i c a l  A n x i e t y  R a t i n g  S u r v e y  ( S u i n n ,  N o t e  8 ) ,  t h e  

M i n n e s o t a  Computer  L i t e r a c y  and A w a r e n e s s  A s s e s s m e n t  

( N o t e  9)  and s i m i l a r  s u r v e y s  u s e d  i n  t h e  s t u d i e s  d o n e  by  

Hazen ( N o t e  7)  and Lemos  ( 1 9 7 7 ) .

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

r e s p o n s e :  s t r o n g l y  d i s a g r e e ,  d i s a g r e e ,  n o  o p i n i o n ,  a g r e e ,  

s t r o n g l y  a g r e e .  The r e s p o n s e s  w e r e  r a t e d  on a s c a l e  from  

o n e  t o  f i v e  o r  from  f i v e  t o  o n e  d e p e n d i n g  upon w h e t h e r  

t h e  s t a t e m e n t  a b o u t  c o m p u t e r s  and c o m p u t e r  program m ing  

was  p o s i t i v e l y  o r  n e g a t i v e l y  w o r d e d .

The s u r v e y  was  a d m i n i s t e r e d  t o  5 7  s t u d e n t s  i n  t h e  

S p r i n g  19S1 p i l o t  s t u d y ,  a t  t h e  b e g i n n i n g  and a g a i n  a t  

t h e  end  o f  t h e i r  s e m e s t e r  i n  S t r u c t u r e d  Program m in g  U s i n g  

FORTRAN. S t u d e n t  nam es  w e r e  n o t  r e q u e s t e d  on t h e  s u r v e y .  

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

comment on t h e  c l a r i t y  o f  e a c h  s t a t e m e n t .  T h o s e  i t e m s  

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

r e m o v e d .

The r e v i s e d  s u r v e y  w as  a d m i n i s t e r  t o  2 8  s t u d e n t s  i n  

t h e  p i l o t  s t u d y  o f  F a l l  1 9 8 1 ,  a t  t h e  b e g i n n i n g  and t h e  

e n d  o f  t h e  s e m e s t e r ,  and a g a i n  t h e y  w e r e  a s k e d  t o  

a d d i t i o n a l l y  comment a s  t o  t h e  c l a r i t y  o f  e a c h  i t e m .  The  

r e s u l t a n t  s u r v e y  o f  18 s t a t e m e n t s  f o r m e d  t h e  A t t i t u d e  

Tow ard P rogram m in g  S u r v e y  ( s e e  A p p e n d i x  0)  and w a s  g i v e n  

t o  t h e  IND, RHG and FHB c l a s s e s  a t  t h e  b e g i n n i n g  o f  t h e  

t e r m .  S t u d e n t s  w e r e  a s k e d  t o  i n d i c a t e  t h e i r  c o u r s e  

s e c t i o n  b u t  n o t  t h e i r  n a m e s .  At  t h e  e n d  o f  t h e  t e r m ,  

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

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

m ovem ent  o f  a c l a s s  i n  a p o s i t i v e  o r  n e g a t i v e  d i r e c t i o n .

S t u d e n t  R e a c t i o n s  t o  t h e  C o u r s e  and t h e  S e v e n t h  
P r ogr am m in g  A s s i g n m e n t

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

i n  C o m p a r i s o n s  1, 2  and 3 ,  s t u d e n t  r e a c t i o n s  t o  t h e  

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

a s s i g n m e n t  was r e q u i r e d .

The s e v e n t h  p r o g r a m m in g  a s s i g n m e n t ,  a  t ea m  p r o j e c t ,  

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

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

an d  c o d e d  o n e  o r  more m o d u l e s .  The c o m p l e t e  s o l u t i o n  t o  

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

m o d u l e s .  Each member o f  t h e  t e a m  r e c e i v e d  t h e  sam e
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g r a d e .

The s t u d e n t s  i n  t h e  IND c l a s s  w e r e  d i v i d e d  i n t o  

h e t e r o g e n e o u s  t e a m s  ( a c c o r d i n g  t o  t h e  g r a d e s  t h e y  had  

e a r n e d  i n  t h e  c o u r s e )  and w e r e  i n c l u d e d  i n  t h i s  

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

c l a s s e s  t h a t  had b e e n  pr ogr am m in g  i n  g r o u p s  f o r  t h e  m a jo r  

p a r t  o f  t h e  s e m e s t e r .

In a d d i t i o n ,  a l l  s t u d e n t s  i n  t h e  s t u d y  w e r e  a s k e d  t o  

l i s t  t h e  m o s t  p o s i t i v e  and m ost  n e g a t i v e  a s p e c t s  o f  t h e  

c o u r s e  and make s e l e c t i o n s  from  o p p o s i t e  w o r d - p a i r  

d e s c r i p t i o n s  o f  t h e  c o u r s e .  I t  w as  e x p e c t e d  t h a t  t h e s e  

op e n  q u e s t i o n s  and d i r e c t e d  s e l e c t i o n s  w o u ld  p r o d u c e  

p r a i s e  o r  c o n d e m n a t i o n  f o r  t h e  g r o u p  p r o g r a m m in g  p r o c e s s .
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CHAPTER V 

ANALYSIS OF DATA

The f o l l o w i n g  h y p o t h e s e s  and s u b s e q u e n t  d a t a  a r e  

o f f e r e d  i n  r e s p o n s e  t o  t h e  q u e s t i o n s  p o s e d  i n  t h e  

I n t r o d u c t i o n .  C o m p a r i s o n s  1,  2  and 3 e x a m i n e  f o u r  

h y p o t h e s e s  e a c h .  The o r g a n i z a t i o n  o f  t h e  t w e l v e  

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

P rogramm in g A c h i e v e m e n t  A t t i t u d e
i ----------- 1

C o m p a r i s o n  1 
( IND and FHB 

c l  a s s e s )

P r o f i c i e n c y P e r s e v e r a n c e E f f i c i e n c y !

Ho, Hox Hos Ho^

C o m p a r i s o n  2 
( IND and RHG 

c l  a s s e s )
Hos Hoc Ho, Hoa

C o m p a r i s o n  3  
(FHG and RHG 

c l  a s s e s )

(T0X Ho„ Ho,*.

C o m p a r i s o n  1

C o m p a r i s o n  1 c o n t r a s t s  t h e  program m ing  a c h i e v e m e n t s  

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

t r a d i t i o n a l  m ethod  o f  l e c t u r e  and i n d i v i d u a l  pr ogr am m in g  

(IND) w i t h  t h o s e  o f  s t u d e n t s  r e c e i v i n g  i n s t r u c t i o n  i n  t h e  

e x p e r i m e n t a l  m eth od  e m p l o y i n g  l e c t u r e  and f i x e d  

h e t e r o g e n e o u s  s t u d e n t  p r o gr am m in g  g r o u p s  (FHG).  T h r e e  

d i m e n s i o n s  o f  s t u d e n t  p r o g r a m m in g  a c h i e v e m e n t  a r e
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d i s c u s s e d .  They a r e  pr ogr am m in g  p r o f i c i e n c y ,  program m ing  

p e r s e v e r a n c e ,  and pr ogr am m in g  e f f i c i e n c y .

H y p o t h e s i s  One

Hĉ  : The t e a c h i n g  m eth od  e m p l o y i n g  f i x e d  

h e t e r o g e n e o u s  s t u d e n t  pr ogr am m in g  g r o u p s  i n  c o m b i n a t i o n  

w i t h  l e c t u r e s ,  when co m p a re d  t o  t h e  m ethod  e m p l o y i n g  

l e c t u r e  and i n d i v i d u a l  p r o g r a m m i n g ,  h a s  no  d i f f e r e n t i a l  

e f f e c t  on  s t u d e n t  pr ogr am m in g  p r o f i c i e n c y  i n  an  

i n t r o d u c t o r y  c o m p u t e r  p r o gr am m in g  c o u r s e  a s  m e a s u r e d  by;

1.  t h e  g r a d e s  o f  p r o gr am m in g  a s s i g n m e n t s  # 3 ,  # 4 ,  # 5 ,

#6  <GPA3, GPA4, GF'A5, GPA6 ) ,

2 .  t h e  m id te r m  e x a m i n a t i o n  s c o r e  (MIDTERM),

3 .  t h e  f i n a l  e x a m i n a t i o n  s c o r e  (FINAL).

Program m in g  a s s i g n m e n t s  a r e  g r a d e d  on a s c a l e  from

z e r o  t o  t e n .

The r e s u l t s  o f  a n a l y s i s  by t - t e s t  s t a t i s t i c s  a r e  

p r e s e n t e d  i n  T a b l e  4 .  A t i m e  s e r i e s  a n a l y s i s  o f  t h e  

g r a d e s  on program m ing  a s s i g n m e n t s  #1 t h r o u g h  #6 i s  

p r e s e n t e d  i n  F i g u r e  2 .
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T a b l e  4

Mean and S t a n d a r d  D e v i a t i o n  o-f P r o g r a m m in g  P r o f i c i e n c y
M e a s u r e s  U sed  i n  C o m p a r i s o n  1

IND FHG

M e a s u r e M SD M SD

GPA3 6 . 5 0 0 0 3 .  142 8 . 4 5 0 0 2 . 6 2 0 *

GPA4 6 . 5 0 0 0 4 .  177 8 . 2 3 0 0 2 . 8 1 8

GPA5 5 . 5 8 5 7 4 . 6 2 9 7 . 2 1 5 0 3 . 8 8 4

GPA6 5 . 0 6 1 9 4 . 3 2 0 7 . 6 5 0 0 3 . 7 7 7 *

Mi d t e r m 8 0 . 3 3 3 3 9 . 7 0 7 7 7 . 8 0 0 0 1 4 . 3 2 2

F i  n a l 6 4 . 7 6 1 9 2 2 . 8 1 6 6 7 . 9 0 0 0 • 3 1 . 0 0 7

*p < . 0 5
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Programming Assignments

Figure 2. Time series analysis of the mean programming 
assignment grades in the IND and FHG classes.
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The r e s u l t s  o-f a n a l y s i s  by t h e  t w o - t a i l  _ t - t e s t  

d e t e r m i n e s  t h a t  t h e  d i f f e r e n c e s  i n  t h e  g r a d e s  on 

p r o g r a m m in g  a s s i g n m e n t s  # 3  and # 6 , a c h i e v e d  by t h e  IND 

and FHG c l a s s e s ,  a r e  s i g n i f i c a n t .  In b o t h  i n s t a n c e s  t h e  

FHG c l a s s  s c o r e s  h i g h e r  t h a n  t h e  IND c l a s s .

The g r o u p  program m ing  a p p r o a c h ,  w i t h  i t s  c o o p e r a t i v e  

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

a i d  i t s  members s i n c e  t h e  g r a d e s  on a l l  t h e  program m ing  

a s s i g n m e n t s  i n  t h e  FHG c l a s s  a r e  h i g h e r  t h a n  t h o s e  i n  t h e  

IND c l a s s .  H ow e ve r ,  t h e  g r a d e s  a c h i e v e d  by  t h e  s t u d e n t s  

i n  t h e  FHG c l a s s  on t h e  m id t e r m  e x a m i n a t i o n ,  i n  

c o m p a r i s o n  w i t h  t h o s e  a c h i e v e d  by t h e  s t u d e n t s  i n  t h e  IND 

c l a s s ,  a r e  l o w e r .

The FHG c l a s s  e a r n s  h i g h e r  program m ing  g r a d e s  on t h e  

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

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

c l a s s e s  i n c r e a s e s  a f t e r  t h e  e x p e r i m e n t a l  t r e a t m e n t  

b e g i n s .  S i n c e  t h e  s t u d e n t  who d o e s  n o t  hand i n  a pr o g r a m  

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

a r e  i n c l u d e d  i n  t h e  pr ogr am m in g  g r a d e  a n a l y s i s ,  t h i s  

d i f f e r e n c e  i n  program m ing  g r a d e s  b e t w e e n  t h e  tw o  c l a s s e s  

m u st  b e  c o n s i d e r e d  i n  c o n j u n c t i o n  w i t h  t h e  number o f  

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

The l a c k  o f  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  m id te r m  

and f i n a l  e x a m i n a t i o n  s c o r e s  i n  t h e  FHG and IND c l a s s e s  

c a u s e s  a n y  d i f f e r e n c e s  o b s e r v e d  i n  t h e  pr ogr am m ing  g r a d e s  

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

p r o d u c i n g  members w i t h  b e t t e r  pr ogr am m in g  s k i l l s .  Ho, 

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

i n s u f f i c i e n t  e v i d e n c e  t o  r e j e c t  i t .

H y p o t h e s i s  Two

Hor ; The t e a c h i n g  m eth od  e m p l o y i n g  h e t e r o g e n e o u s  

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

l e c t u r e s ,  when c om p ared  t o  t h e  m ethod  e m p l o y i n g  l e c t u r e s  

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

s t u d e n t  program m ing  p e r s e v e r a n c e  i n  an i n t r o d u c t o r y  

c o m p u t e r  program m ing  c o u r s e  a s  m e a s u r e d  by:

1. t h e  number o f  s t u d e n t s  c o m p l e t i n g  program m ing  

a s s i g n m e n t s  on t i m e ,

2 . t h e  number o f  s t u d e n t s  c o m p l e t i n g  program m ing  

a s s i g n m e n t s  l a t e ,

3 .  t h e  number o f  s t u d e n t s  n o t  c o m p l e t i n g  programm ing  

a s i  g n m e n t s .

T a b l e  5  p r e s e n t s  t h e  n u m b e r s  o f  s t u d e n t s  i n  t h e  IND 

and FH6 c l a s s e s  i n  e a c h  c a t e g o r y  f o r  e a c h  program m ing  

a s s i  g n m e n t .

T a b l e  6  p r e s e n t s  t h e  mean and s t a n d a r d  d e v i a t i o n s  o f  

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

C o m p a r i s o n  1.  S i g n i f i c a n t  r e s u l t s  o f  a n a l y s i s  by t _ - t e s t  

s t a t i s t i c s  a r e  n o t e d .
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T a b l e  5

Number o f  S t u d e n t s  i n  C o m p a r i s o n  1 
(A) C o m p l e t i n g  t h e  P r o g r a m m in g  A s s i g n m e n t  on  Time  

(B) C o m p l e t i n g  t h e  P r o g r a m m in g  A s s i g n m e n t  L a t e  
<C) Not  C o m p l e t i n g  t h e  P r o g r a m m in g  A s s i g n m e n t

IND FHG

P r o g r a m m in g  C a t e g o r y  C a t e g o r y

A s s i  gnm ent A B C A B C

#1 18 uL. 6 24 0 2

#2 22 0 4 24 1 1

# 3 14 4 3 17 2 1

# 4 13 5 15 4 1

# 5 12 1 8 15 %1> 2

#6 9 5 7 15 3 r?
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T a b l e  6

Mean and  S t a n d a r d  D e v i a t i o n  o f  P r o g r a m m in g  P e r s e v e r a n c e
M e a s u r e s  U s e d  i n  C o m p a r i s o n  1

IIMD FHG
M e a s u r e s  M SD M SD

Number o f  prog r a m m in g  
a s s i  g n m e n t s
c o m p l e t e d  on t i m e  2 . 2 3 8 1  1 . 4 8 0  3 . 0 5 0 0  1 . 6 0 5 *

Number o f  prog r a m m in g  
a s s i g n m e n t s
c o m p l e t e d  l a t e  . 6 6 6 7  . 8 5 6  . 5 0 0 0  1 . 1 0 0

Number o f  pr ogr am m in g  
a s s i  g n m e n t s
n o t  c o m p l e t e d  1 . 0 9 5 2  1 . 5 7 8  . 4 5 0 0  1 . 1 4 6

* jd  < . 10

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



www.manaraa.com

98

In t h e  IND c l a s s ,  t h r e e  s t u d e n t s  f a i l  t o  hand i n  

a s s i g n m e n t  # 3 ;  f i v e  s t u d e n t s  f a i l  t o  hand i n  a s s i g n m e n t  

# 4 ;  e i g h t  s t u d e n t s  f a i l  t o  hand i n  a s s i g n m e n t  # 5 ;  a n d ,  

s e v e n  s t u d e n t s  do n o t  hand  i n  a s s i g n m e n t  # 6 . The  

pr ogr am m in g  a s s i g n m e n t s  # 3 ,  # 4 ,  # 5 ,  and #6 a r e  d o n e  i n  

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

o n e  or  t w o ,  c o m p l e t e  e a c h  a s s i g n m e n t .  In t h e  IND c l a s s ,  

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

t e r m  p r o g r e s s e s  more s t u d e n t s  do  n o t  hand i n  t h e i r  

p r o g r a m s  and r e c e i v e  a g r a d e  o f  z e r o .  E v i d e n c e  i n d i c a t e s  

t h a t  a s  t h e  t e r m  p r o g r e s s e s  more s t u d e n t s  i n  t h e  FHG 

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

IND c l a s s .

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

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

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

on s t u d e n t  program m ing  p e r s e v e r a n c e .  Ho*, i s  r e j e c t e d .

H y p o t h e s i s  T h r e e

Ho3 : The t e a c h i n g  m ethod  e m p l o y i n g  h e t e r o g e n e o u s  

f i x e d  s t u d e n t  pr ogr am m in g  g r o u p s  i n  c o m b i n a t i o n  w i t h  

l e c t u r e s ,  when c om p are d  t o  t h e  m e t h o d  e m p l o y i n g  l e c t u r e s  

and i n d i v i d u a l  p r o g r a m m i n g ,  h a s  no  d i f f e r e n t i a l  e f f e c t  on 

s t u d e n t  p r o gr am m in g  e f f i c i e n c y  i n  an i n t r o d u c t o r y  

c o m p u t e r  p r o g r a m m in g  c o u r s e  a s  m e a s u r e d  by:

1. t h e  t i m e  s p e n t  by  t h e  s t u d e n t  i n  d e s i g n i n g ,  

c o d i n g  and d e b u g g i n g  e a c h  p r o gr am m in g  a s s i g n m e n t

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



www.manaraa.com

99

( r e c o r d e d  by t h e  s t u d e n t ,  l i s t e d  a s  w r i t i n g  t i m e  and  

m e a s u r e d  i n  h o u r s ) ;

2 . t h e  t i m e  s p e n t  by  t h e  s t u d e n t  a t  a c o m p u t e r  

t e r m i n a l  f o r  e a c h  p r o gr am m in g  a s s i g n m e n t  ( r e c o r d e d  by t h e  

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

and m e a s u r e d  i n  h o u r s ) ;

3 .  t h e  number o f  r u n s  r e q u i r e d  by  t h e  s t u d e n t  f o r  

e a c h  program m ing  a s s i g n m e n t  ( r e c o r d e d  by t h e  c o m p u t e r ,  

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

n u m b e r ) .

Any s t u d e n t  n o t  h a n d i n g  i n  t h e  a b o v e  d a t a  f o r  a 

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

t h a t  program m ing  a s s i g n m e n t .

T a b l e  7 p r e s e n t s  t h e  r e s u l t s  o f  a n a l y s i s  o f  t h i s  

d a t a  u s i n g  t - t e s t  s t a t i s t i c s .  F i g u r e s  3 ,  4  and 5 d i s p l a y  

t i m e  s e r i e s  a n a l y s e s  o f  t h e  pr ogr am m ing  e f f i c i e n c y  

m e a s u r e m e n t s .
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T a b l e  7

Mean and S t a n d a r d  D e v i a t i o n  o-f P r o g r a m m in g  E f f i c i e n c y  
M e a s u r e s  U sed  i n  C o m p a r i s o n  1

M e a s u r e
IND

M SD
FHG

M SD

P r o g r a m m in g  
A s s i g n m e n t  # 3  

W r i t i n g  t i m e  
T e r m i n a l  t i m e  
Number o f  r u n s

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

. 9 8 1  

. 8 8 4  
4 .  181

1 . 5 0 6 2  
1 . 6 4 3 7  
4 .0000

. 6 7 0  

. 6 1 4  
4 . 7 7 5 *

Programmi ng  
A s s i g n m e n t  # 4

W r i t i n g  t i m e  2 . 1 9 1 7  . 9 5 6
T e r m i n a l  t i m e  2 . 6 1 8 2  1 . 5 8 2
Number o f  r u n s  1 0 . 0 0 0 0  6 . 8 4 1

1 . 9 0 0 0  
2 . 3 9 3 7  
7 . 1 8 7 5

1 . 2 6 4  
. 9 2 0  

7 .  2 5 0

Programmi ng  
A s s i g n m e n t  # 5

W r i t i n g  t i m e  2 . 8 6 6 7
T e r m i n a l  t i m e  2 . 7 0 0 0
Number o f  r u n s  1 2 . 4 4 4 4

1 . 2 2 4  
2 .  179  

1 1 . 2 2 6

3 . 2 0 0 0  
2 . 8 7 3 3  
9 . 6 0 0 0

1 . 4 6 1
1 . 2 4 2
9 . 4 4 8

Programmi ng  
A s s i g n m e n t  #6 

W r i t i n g  t i m e  
T e r m i n a l  t i m e  
Number o f  r u n s

2 . 4 3 7 5  
2 .1000 
8 . 6 2 5 0

1 .  146  
. 8 5 6  

4 . 0 3 3

2 . 7 0 0 0  
3.0200  
7 . 4 0 0 0

1 . 9 3 5  
1 . 1 6 8 *
4 .  4 8 5

N o t e .
h o u r s .

*p < . 0!

W r i t i n g  t i m e  and  T e r m i n a l  t i m e  a r e  m e a s u r e d  i n
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Figure 3, Time series analysis of the mean writing time 
(in hours) per programming assignment in the 
IND and FHG classes.
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Figure 4. Time series analysis of the mean terminal time 
(in hours) per programming assignment in the 
IND and FHG classes.
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5. Time series analysis of the mean number of 
of runs per programming assignment in the 
IND and FHG classes.
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A l t h o u g h  t h e  IND c l a s s  h a s  21  s t u d e n t s  and t h e  FHG 

c l a s s  h a s  20 s t u d e n t s ,  t h e  number o-f s t u d e n t s  who do n o t  

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

p r o g r a m m in g  a s s i g n m e n t  i n  t h e  FHG c l a s s .  T h e s e  s t u d e n t s  

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

z e r o  i n d i c a t e s  an amount  o f  z e r o  t i m e  s p e n t  w r i t i n g  a 

p r o g r a m ,  w o r k i n g  on  t h e  pr ogr am  a t  t h e  t e r m i n a l  o r  t h a t  

t h e r e  a r e  no r u n s  c o m p l e t e d  on t h e  p r o g r a m .  The  

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

s i g n i f i c a n t  i n  t h e  number o f  r u n s  r e q u i r e d  f o r  

p r o g r a m m in g  a s s i g n m e n t  # 3  <FHG<IND) and i n  t h e  t e r m i n a l  

t i m e  s p e n t  f o r  p r o g r a m m i n g  a s s i g n m e n t  #6 (IND<FHG>.

As t h e  p r o g r a m s  b e c o m e  more d i f f i c u l t  b o t h  t h e  FHG 

and t h e  IND c l a s s e s  s p e n d  more t i m e  w r i t i n g  t h e  p r o g r a m s .  

H owever  t h e  l a s t  p r o g r a m m in g  a s s i g n m e n t ,  # 6 , r e v e r s e s  

t h a t  t r e n d  i n  b o t h  c l a s s e s .

In t h e  t i m e  s e r i e s  a n a l y s i s  o f  w r i t i n g  t i m e ,  

d i s p l a y e d  i n  F i g u r e  3 ,  t h e  FHG c l a s s  i n i t i a l l y  i s  

s p e n d i n g  l e s s  w r i t i n g  t i m e  p e r  a s s i g n m e n t  t h a n  t h e  IND 

c l a s s ;  b u t  by t h e  end  o f  t h e  e x p e r i m e n t ,  t h e  s t u d e n t s  i n  

t h e  FHG c l a s s  a r e  s p e n d i n g  more w r i t i n g  t i m e  p e r  

a s s i g n m e n t  t h a n  t h e  IND c l a s s .  The t i m e  b e i n g  s p e n t  by  

t h e  s t u d e n t  i n  a n a l y z i n g  and d e s i g n i n g  an a l g o r i t h m ,  

w r i t i n g  c o d e  and d e b u g g i n g  ( w r i t i n g  t i m e )  a p p e a r s  t o  

i n c r e a s e  when w o r k i n g  w i t h i n  t h e  g r o u p  m i l i e u .

T h i s  may b e  t h e  r e s u l t  o f  t h e  s t u d e n t  b e i n g  more  

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

The s e c o n d  m e a s u r e  o f  p r o g r a m m in g  e f f i c e n c y  u s e d  f o r  

t h i s  h y p o t h e s i s  i s  t h e  t i m e  s p e n t  on  t h e  t e r m i n a l  b y  t h e  

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

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

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

p r o g r a m s  b e c o m e  m ore  d i f f i c u l t .  B o t h  c l a s s e s  d i s p l a y  

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

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

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

a r e  s p e n d i n g  more t i m e  a t  t h e  t e r m i n a l s  t h a n  t h e  INB 

s t u d e n t s .

The l a r g e s t  d i f f e r e n c e  i n  t h e  t e r m i n a l  t i m e  b e i n g  

s p e n t  by t h e  s t u d e n t s  i n  t h e  IND and FHG c l a s s e s  i s  f o r  

t h e  s i x t h  p r o g r a m m i n g  a s s i g n m e n t .  The number o f  s t u d e n t s  

r e p o r t i n g  t e r m i n a l  t i m e  f o r  t h a t  a s s i g n m e n t  i n  t h e  IND 

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

on t h e  a s s i g n m e n t .  B e t t e r  p r o g r a m m in g  s t u d e n t s  may 

r e q u i r e  l e s s  t e r m i n a l  t i m e  t h a n  w e a k e r  prog r a m m in g  

s t u d e n t s .

The t h i r d  m e a s u r e  o f  pr ogr am m in g  e f f i c i e n c y  i s  t h e  

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

c o r r e c t  o u t p u t .  The  number o f  r u n s  i s  l o w e r  f o r  a l l  t h e  

p r o g r a m s  d o n e  by  t h e  FHG c l a s s ;  h o w e v e r ,  o n l y  f o r  

p r o g r a m m in g  a s s i g n m e n t  # 3  i s  t h i s  d i f f e r e n c e  f o u n d  t o  b e  

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

The i n s t r u c t i o n a l  m eth od  e m p l o y i n g  f i x e d  s t u d e n t
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p r o g r a m m in g  g r o u p s ,  when c om p are d  t o  t h e  t r a d i t i o n a l  

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

p r o g r a m m in g  e f f i c i e n c y .  Hoa m ust  b e  r e g a r d e d  a s  

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

a g a i n s t  i t .

H y p o t h e s i s  Four

Ho^: The t e a c h i n g  m ethod  e m p l o y i n g  f i x e d  

h e t e r o g e n e o u s  s t u d e n t  pr ogr am m ing  g r o u p s  i n  c o m b i n a t i o n  

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

l e c t u r e s  and i n d i v i d u a l  s t u d e n t  p r o g r a m m in g ,  h a s  no  

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

and c o m p u t e r  prog r a m m in g  i n  an i n t r o d u c t o r y  c o m p u t e r  

p r o g r a m m in g  c o u r s e  a s  m e a s u r e d  b y :

1.  t h e  A t t i t u d e  Toward C o m p u t e r s  and Programm in g  

S u r v e y  g i v e n  p r e t r e a t m e n t ,

2 .  t h e  A t t i t u d e  Toward C o m p u t e r s  and Programm in g  

S u r v e y  g i v e n  p o s t t r e a t m e n t  ( a f t e r  t h e  s i x t h  pr ogr am m in g  

a s s i  g n m e n t ) .

An a n a l y s i s  by t _ - t e s t  s t a t i s t i c s  i s  d o n e  f o r  e a c h  

s t a t e m e n t ,  on t h e  q u e s t i o n n a i r e .  The r e s u l t s  o f  t h i s  

a n a l y s i s  a p p e a r  i n  T a b l e  S .
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T a b l e  8

P r e t r e a t m e n t  and P o s t t r e a t m e n t  Mean I t e m  R e s p o n s e  on t h e  
A t t i t u d e  Toward C o m p u t e r s  and Computer Program m ing  S u r v e y

i n  C o m p a r i s o n  1

P r e t r e a t m e n t  P o s t t r e a t m e n t

I te m IND FHG IND FHG

1 4 . 8 7 5 0 4 . 4 4 0 0  * 4 . 5 4 5 5 4 . 5 5 5 6 #

2 4 . 2 6 0 9 4 . 4 4 0 0 3 . 7 2 7 3 4 . 3 3 3 3  *

4 . 5 0 0 0 4 . 5 2 0 0 4 . 1 6 3 4 4 . 3 8 8 9

4 4 . 5 0 0 0 4 . 1 6 6 7 3 . 6 8 1 8 4 . 3 3 3 3 # *

5 3 . 7 9 1 7 3 . 8 8 0 0 3 . 5 9 0 9 4 . 0000 •

6 4 . 5 0 0 0 4 . 4 0 0 0 4 . 4 0 9 1 4 . 1 6 6 7

7 3 . 9 5 6 5 3 . 8 0 0 0 3 . 7 2 7 3 3 . 5 5 5 6

8 4 . 6 2 5 0 4 . 0 4 0 0 4 . 1 8 1 8 4 . 3 8 8 9 *

9 4 . 1 6 6 7 3 . 8 4 0 0 3 . 5 9 0 9 3 . 9 4 4 4 #

10 3 « 5 8 3 3 3 . 4 8 0 0 2 . 9 0 9 1 3 . 6 1 1 1 #  *

11 4 . 2 9 1 7 4 . 0 8 0 0 4 . 1 3 6 4 4 . 3 3 3 3 #

12 4 . 0 8 3 3 4 . 0 4 0 0 3 . 7 2 7 3 4 . 2 7 7 8 # *

13 4 . 1 2 5 0 4 . 2 4 0 0 3 . 8 1 8 2 4 . 3 3 3 3 #

14 3 . 7 9 1 7 3 . 7 2 0 0 3 . 5 4 5 5 3 . 8 8 8 9 #

15 4 . 0 4 1 7 4 . 1 2 0 0 3 . 4 5 4 5 4 . 2 7 7 8 # *

16 3 . 3 4 7 8 3 . 2 8 0 0 2 . 6 1 9 0 ■.  2 i J i

17 3 . 6 2 5 0 3 . 7 6 0 0 3 . 7 2 7 3 # 3 . 5 5 5 6

18 3 . 7 9 1 7 3 .8800 3 . 6 3 6 4 3 . 9 4 1 2 #

N o t e .  A s c o r e  o f  5  i n d i c a t e s  a m o s t  - f a v o r a b l e  
a t t i t u d e  t o w a r d  t h e  i t e m .

#  I n d i c a t e s  an i n c r e a s e  o f  i t e m  mean r e s p o n s e  
p o s t t r e a t m e n t  c o m p a re d  t o  p r e t r e a t m e n t  i n  same c l a s s .  

* £  < . 0 5
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The C r o n b a c h  oC , a m e a s u r e  o f  r e l i a b i l i t y ,  i s  u s e d  

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

by c o r r e l a t i n g  e a c h  i t e m  on t h e  i n s t r u m e n t  w i t h  e v e r y  

o t h e r  i t e m .  The C r o n b a c h  oC f o r  t h e  A t t i t u d e  Toward  

C o m p u t e r s  and P r o gr am m in g  S u r v e y  i s  0 . 8 4 7 8 9 ,  i n d i c a t i n g  

h i g h  i n t e r n a l  c o n s i s t e n c y .  C o n s e q u e n t l y  an a n a l y s i s  o f  

t h e  t o t a l  r e s p o n s e  a v e r a g e  on  t h e  A t t i t u d e  Toward  

C o m p u t e r s  and Pr ogr am m in g  S u r v e y  c o n d u c t e d  i n  t h e  IND and  

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

i n  T a b l e  9 .  F i g u r e  6 d i s p l a y s  t h e  s am e  r e s u l t s  

g r a p h i  c a l 1y .
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T a b l e  9

Mean and S t a n d a r d  D e v i a t i o n  o f  P r e t r e a t m e n t  and  
P o s t t r e a t m e n t  S t u d e n t  T o t a l  R e s p o n s e  A v e r a g e  on t h e  

A t t i t u d e  Toward C o m p u t e r s  and C om puter  P rogram m in g  S u r v e y
i n  C o m p a r i s o n  1

S u r v e y  IND FHG

S o u r c e  M SD M SD

P r e t r e a t m e n t  4 . 0 7 6 4  . 3 3 2  3 . 9 9 7 8  . 4 8 7

P o s t t r e a t m e n t  3 . 7 2 4 7  . 4 4 6  4 . 0 4 0 1  . 5 4 5 *

*£  < . 0 5
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Figure 6. Pretreatment and posttreatment means of student 
total response average on the Attitude Toward 
Computers and Computer Programming Survey in 
the IND and FHG classes.
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Th e  r e s u l t s  o f  c o m p a r i n g  t h e  p r e t r e a t m e n t  r e s p o n s e s  

on t h e  18 s t a t e m e n t s  o f  t h e  A t t i t u d e  Toward C o m p u t e r s  and  

Program m ing  S u r v e y  p r o d u c e s  o n e  s t a t e m e n t  t h a t  e l i c i t s  a 

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

The IND c l a s s  s c o r e s  a more  f a v o r a b l e  r e s p o n s e  t o  t h e  

s t a t e m e n t ;  Computer p r o gr am m in g  i s  an i m p o r t a n t  s k i l l  t o  

h a v e  f o r  f u t u r e  j o b  o p p o r t u n i t i e s .

In c o m p a r i n g  t h e  p o s t t r e a t m e n t  r e s p o n s e s  o f  t h e  two  

c l a s s e s  t o  t h e  18 s t a t e m e n t s  o f  t h e  A t t i t u d e  Toward  

C o m p u t e r s  and Program m in g  S u r v e y ,  f i v e  s t a t e m e n t s  a r e  

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

On e a c h  o f  t h e s e  s t a t e m e n t s  t h e  FHG c l a s s  s c o r e s  a more  

f a v o r a b l e  r e s p o n s e  t h a n  t h e  IND c l a s s .  The f i v e  

s t a t e m e n t s  a r e ;

I t r y  t o  a v o i d  w o r k i n g  on my c o m p u t e r  p r o g r a m s  u n t i l  

t h e  l a s t  m i n u t e .  T h ey  a r e  my l e a s t  f a v o r i t e  a s s i g n m e n t s .

I a l w a y s  l o o k  f o r w a r d  t o  w o r k i n g  on my c o m p u t e r  

pr ogr am m in g  a s s i g n m e n t s .

I h e s i t a t e  w o r k i n g  w i t h  c o m p u t e r s  b e c a u s e  t h e y  a r e  

s t r a n g e  and a n x i e t y - p r o v o k i n g .

C o m p u t e r s  a r e  f a s c i n a t i n g  and e x c i t i n g  t o  work w i t h .

I v i e w  program m ing  a s  a s t i m u l a t i n g  and  c h a l l e n g i n g  

a c i  t  i v i  t y .

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

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

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

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

Com puter  pr ogr am m ing  i s  an  i m p o r t a n t  s k i l l  t o  h a v e  

f o r  f u t u r e  j o b  o p p o r t u n i t i e s .

I b e c o m e  f r i g h t e n e d  and p a n i c k y  a t  t h e  t h o u g h t  o f  

h a v i n g  t o  w r i t e  a c o m p u t e r  p r o g r a m .

C om puter  program m ing  s e e m s  t o  be  a f a i r l y  u s e l e s s  

s k i l l .

C o m p u t e r s  a r e  e x t r e m e l y  a c c u r a t e ,  e f f i c i e n t  and  

r e l i a b l e .

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

o f  l a r g e  and s m a l l  b u s i n e s s e s .

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

p r o b l e m s  i s  a l o g i c a l  p r o c e s s .

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

c o u r s e  i n  c o m p u t e r  p r o g r a m m in g .

One c a n n o t  u s e  what  i s  t a u g h t  i n  t h i s  c o u r s e  o u t s i d e  

o f  a p r o g r a m m in g  e n v i r o n m e n t .

In t h e  p r e t r e a t m e n t  s u r v e y  t h e  IND c l a s s  r e s p o n d s  

m ore  f a v o r a b l y  t o  11 o u t  o f  t h e  I S  s t a t e m e n t s  t h a n  d o e s  

t h e  FHG c l a s s .  In t h e  p o s t t r e a t m e n t  s u r v e y  t h e  FHG c l a s s  

r e s p o n d s  m ore  f a v o r a b l y  t o  17 o u t  o f  18 s t a t e m e n t s  t h a n  

d o e s  t h e  IND c l a s s .

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

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

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

m ore  p o s i t i v e  r e s p o n s e  s c o r e  t h a n  d o e s  t h e  IND c l a s s .

The  d a t a  p r o v i d e  s u f f i c i e n t  s u p p o r t  f o r  a r e j e c t i o n  o f  Ho4 ,
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C o m p a r i s o n  2

C o m p a r i s o n  2  c o n t r a s t s  t h e  pr ogr am m in g  a c h i e v e m e n t s  

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

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

(IND) t o  t h o s e  o f  s t u d e n t s  r e c e i v i n g  e x p e r i m e n t a l  

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

s t u d e n t  p r o g r a m m in g  g r o u p s  (RHG)»

H y p o t h e s i s  F i v e

Hos ; The t e a c h i n g  m e t h o d  e m p l o y i n g  c h a n g i n g  

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

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

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

e f f e c t  on s t u d e n t  p r o g r a m m in g  p r o f i c i e n c y  i n  an 

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

1.  t h e  g r a d e s  on p r o g r a m m in g  a s s i g n m e n t s  # 3  (G P A 3 ) , 

# 4  ( 6 P A 4 ) ,  # 5  (GPA 5) , #6 (GF'A6 ) ,

2 .  t h e  m id t e r m  e x a m i n a t i o n  s c o r e  (MIDTERM),

3 .  t h e  f i n a l  e x a m i n a t i o n  s c o r e  (FINAL).

S t u d e n t s  who do  n o t  hand i n  a p r o g r a m m in g  a s s i g n m e n t  

r e c e i v e  a s c o r e  o f  z e r o .  Maximum s c o r e  on e a c h  

prog r a m m in g  a s s i g n m e n t  i s  t e n .  The m id t e r m  and f i n a l  

e x a m i n a t i o n  s c o r e  r a n g e  i s  f r o m  z e r o  t o  o n e  h u n d r e d .

A n a l y s i s  o f  d a t a  by  t _ - t e s t  s t a t i s t i c s  i s  p r e s e n t e d  

i n  T a b l e  1 0 .  F i g u r e  7  d i s p l a y s  a t i m e  s e r i e s  a n a l y s i s  o f
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t h e  a v e r a g e  g r a d e s  o n  t h e  p r o g r a m m i n g  a s s i g n m e n t s  -for t h e  

IND and RHG c l a s s e s .
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T a b l e  1 0

Mean and S t a n d a r d  D e v i a t i o n  o f  Program m in g  P r o f i c i e n c y  
M e a s u r e s  U sed  i n  C o m p a r i so n  2

IND RHG

M e a su re M SD M SD

GPA3 A . 5 0 0 0 3 .  142 S . 8 8 4 2 1 . 3 5 2 #

GPA4 A. 5 0 0 0 4 .  177 8 . 7 A 3 2 2 . AA9*

GPA5 5 . 5 8 5 7 4 .  A29 7 . 0 4 2 1 4 . 0 2 3

GPA6 5 . 0 A 1 9 4 . 3 2 0 A .7 2 A 3 3 . 7 7 8

Mi d t e r m 8 0 . 3 3 3 3 9 . 7 0 7 7 3 . 7 3 A 8 2 3 . 3 8 5

F i n a l A 4 .7 A 1 9 2 2 . 8 1 A A 1 .2 A 3 2 2 8 . 4 2 3

*p < .  05
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Figure 7. Time series analysis of the mean programming 
assignment grades in the IND and RHG classes.
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A l l  t h e  a v e r a g e  p r o g r a m m in g  a s s i g n m e n t  g r a d e s  

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

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

g r a d e s  f o r  p r o gr am m in g  a s s i g n m e n t s  # 3  and # 4  a r e  f o u n d  t o  

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

The g r a p h s  o f  t h e  a v e r a g e  c l a s s  prog r a m m in g  

a s s i g n m e n t  g r a d e s ,  d i s p l a y e d  i n  F i g u r e  7 a p p e a r  t o  b e  

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

t h e  s t u d e n t s  who d o  n o t  h a n d  i n  t h e  a s s i g n m e n t s  r e c e i v e  a 

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

The a b i l i t y  o f  t h e  RHG c l a s s  t o  e a r n  h i g h e r  g r a d e s  

on t h e  p r o g r a m m in g  a s s i g n m e n t s ,  d o n e  i n  g r o u p s ,  i s  n o t  

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

m id t e r m  and f i n a l  e x a m i n a t i o n s ,  t a k e n  i n d i v i d u a l l y .

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

m id te r m  and f i n a l  e x a m i n a t i o n  s c o r e s  i n  t h e  IND and RHG 

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

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

s u p p o r t i n g  i t s  mem bers  i n  t h e  w r i t i n g  o f  p r o g r a m s  r a t h e r  

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

p r o gr am m in g  s k i l l s .  Ho®- m u s t  b e  r e g a r d e d  a s  d e f e n s i b l e  

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

H y p o t h e s i s  S i x

HOg : The t e a c h i n g  m e t h o d  e m p l o y i n g  v a r i a n t  

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

w i t h  l e c t u r e s ,  when c o m p a r e d  t o  t h e  m e t h o d  e m p l o y i n g
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l e c t u r e  and i n d i v i d u a l  p r o g r a m m i n g ,  h a s  no  d i f f e r e n t i a l  

e f f e c t  on s t u d e n t  program m ing  p e r s e v e r a n c e  i n  an  

i n t r o d u c t o r y  pr ogr am m in g  c o u r s e  a s  m e a s u r e d  by:

1 . t h e  number o f  s t u d e n t s  c o m p l e t i n g  t h e  prog r a m m in g  

a s s i g n m e n t s  on t i m e ,

2 . t h e  number o f  s t u d e n t s  c o m p l e t i n g  t h e  prog r a m m in g  

a s s i g n m e n t s  l a t e ,

3 .  t h e  number  o f  s t u d e n t s  n o t  c o m p l e t i n g  t h e  

p r o g r a m m i n g  a s s i g n m e n t s .

T a b l e  11 p r e s e n t s  t h e  n u m b e r s  o f  s t u d e n t s  i n  t h e  IND 

and RHG c l a s e s  i n  e a c h  c a t e g o r y  f o r  e a c h  a s s i g n m e n t .

T a b l e  12 p r e s e n t s  t h e  m ean s  and s t a n d a r d  d e v i a t i o n s  

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

i n  C o m p a r i s o n  2 .  S i g n i f i c a n t  r e s u l t s  o f  a n a l y s i s  by  

t - t e s t  s t a t i s t i c s  a r e  n o t e d .
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T a b l e  11

Number o-f S t u d e n t s  i n  C o m p a r i s o n  2
(A) C o m p l e t i n g  t h e  Program m in g  A s s i g n m e n t  on Time

(B) C o m p l e t i n g  t h e  Program m in g  A s s i g n m e n t  L a t e  
<C> Not  C o m p l e t i n g  t h e  Program m in g  A s s i g n m e n t  

IND RHG

P r ogr am m in g  C a t e g o r y  C a t e g o r y

A s s i  gnm ent A B C A B C

#1 IS i—i
X - 6 17 JL . 0

#2 O  D
JL. 0 4 17 0 JL.

# 3 14 4 3 IS 1 o

# 4 13 3 5 16 2 1

# 5 12 1 S 14 1 4

#6 9 5 7 14 3 2
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T a b l e  12

Mean and S t a n d a r d  D e v i a t i o n  o f  P r o gr am m in g  P e r s e v e r a n c e
M e a s u r e s  U sed  i n  C o m p a r i s o n  2

IND RHG
M e a s u r e s  M SD M SE'

Number o f  p r o g r a m m in g  
a s s i  g n m e n t s
c o m p l e t e d  on t i m e  2 . 2 3 8 1  1 . 4 8 0  3 . 2 6 3 2  1 . 1 9 5 # $

Number o f  p r o g r a m m in g  
a s s i  g n m e n t s
c o m p l e t e d  l a t e  . 6 6 6 7  . 8 5 6  . 3 6 8 4  . 7 6 1

Number o f  p r o g r a m m in g  
a s s i  g n m e n t s
n o t  c o m p l e t e d  1 . 0 9 5 2  1 . 5 7 8  . 3 6 8 4  . 7 6 1 #

0 5
*2.  < ■ 1
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The a s s i g n m e n t s  # 3 ,  # 4 ,  # 5  and #6 a r e  d o n e  i n  

v a r i a n t  s t u d e n t  p r o g r a m m in g  g r o u p s  i n  t h e  RHG c l a s s .  The  

number o f  s t u d e n t s  c o m p l e t i n g  t h e  f i r s t  pr ogr am m in g  

a s s i g n m e n t  d o n e  w i t h i n  t h e  g r o u p  i s  19 and  t h i s  number  

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

s t u d e n t s  c o m p l e t i n g  t h e  s i x t h  p r o gr am m in g  a s s i g n m e n t  i s  

f o u r t e e n .  F i f t e e n  s t u d e n t s ,  who a r e  program m ing  

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

p r o g r a m m i n g  a s s i g n m e n t  an t h i s  number d e c r e a s e s  

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

s i x t h  p r o g r a m m in  a s s i g n m e n t  on t i m e .

The s t u d e n t  c o u n t  i n  t h e  IND c l a s s  i s  i n i t i a l l y  2 5  

and o n l y  21 s t u d e n t s  f i n i s h  t h e  c o u r s e .  The RHG c l a s s  

b e g i n s  and e n d s  t h e  s e m e s t e r  w i t h  a s t u d e n t  c o u n t  o f  1 9 .

A s t u d e n t  who d o e s  n o t  k e e p  p a c e  w i t h  t h e  work i n  

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

a s s i g n m e n t s )  maybe c o n s i d e r e d  a s  n o t  c o n t i n u i n g ,  much i n  

t h e  sam e  manner  a s  a s t u d e n t  who d r o p s  t h e  c o u r s e .

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

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

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

mean s u p p o r t  t h e  r e j e c t i o n  o f  Hofe.

H y p o t h e s i s  S e v e n

Hoy : The t e a c h i n g  m e th o d  e m p l o y i n g  v a r i a n t  

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

w i t h  l e c t u r e s ,  when c o m p a r e d  t o  t h e  m eth od  e m p l o y i n g
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l e c t u r e  and  i n d i v i d u a l  p r o g r a m m i n g ,  h a s  no  d i f f e r e n t i a l  

e f f e c t  on s t u d e n t  p r o g r a m m in g  e f f i c i e n c y  i n  an 

i n t r o d u c t o r y  c o m p u t e r  pr ogr am m ing  c o u r s e  a s  m e a s u r e d  by:

1. t h e  t i m e  s p e n t  b y  t h e  s t u d e n t  i n  d e s i g n i n g ,  

c o d i n g  and d e b u g g i n g  e a c h  pr ogr am m in g  a s s i g n m e n t  

( r e p o r t e d  b y  t h e  s t u d e n t ,  l i s t e d  a s  w r i t i n g  t i m e  and  

m e a s u r e d  i n  h o u r s ) ;

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

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

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

m e a s u r e d  i n  h o u r s ) ;

3 .  t h e  number o f  r u n s  r e q u i r e d  by  t h e  s t u d e n t  f o r  

e a c h  p r o g r a m m in g  a s s i g n m e n t  ( r e c o r d e d  by  c o m p u t e r ,  l i s t e d  

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

n u m b e r ) .

S t u d e n t s  who do  n o t  hand i n  t h e  a b o v e  d a t a  f o r  a 

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

p r o g r a m m in g  a s s i g n m e n t .

T a b l e  13 p r e s e n t s  t h e  r e s u l t s  o f  a n a l y s i s  o f  t h e  

d a t a  by t - t e s t  s t a t i s t i c s .
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T a b l e  13-

Mean and  S t a n d a r d  D e v i a t i o n  o f  Program m ing  E f f i c i e n c y
M e a s u r e s  U s e d  i n  C o m p a r i s o n  2

M e a s u r e

Programmi ng 
A s s i g n m e n t  # 3  

W r i t i n g  t i m e  
T e r m i n a l  t i m e  
Number o f  r u n s

IND
SD

1 . 9 6 4 3  . 9 8 1
2 . 0 1 5 4  . 8 8 4
7 . 3 5 7 1  4 . 1 8 1

RHG
SD

Z . 8 4 4 4  2 . 5 2 0
2 . 0 6 4 7  1 . 5 2 1
6 . 6 1 1 1  6 . 2 0 4

Pr o g r a m m in g  
A s s i g n m e n t  # 4  

W r i t i n g  t i m e  
T e r m i n a l  t i m e  
Number o f  r u n s

2 . 1 9 1 7  . 9 5 6
2 . 6 1 8 2  1 . 5 8 2

1 0 . 0 0 0 0  6 . 8 4 1

2 . 7 0 0 0  2 . 3 4 9
2 . 1 8 1 2  . 9 4 9

1 1 . 0 6 2 5  7 . 7 5 0

Programmi ng 
A s s i g n m e n t  # 5  

W r i t i n g  t i m e  
T e r m i n a l  t i m e  
Number o f  r u n s

2 . 8 6 6 7  1 . 2 2 4
2 . 7 0 0 0  2 . 1 7 9

1 2 . 4 4 4 4  1 1 . 2 2 6

2 . 9 6 4 3  1 . 5 9 9
3 . 1 6 4 3  2 . 0 2 3
8 . 5 0 0 0  6 . 9 5 9

Programmi ng 
A s s i g n m e n t  #6 

Wr i  t  i  n g t i m e  
T e r m i n a l  t i m e  
Number o f  r u n s

2 . 4 3 7 5  1 . 1 4 6
2 . 1 0 0 0  . 8 5 6
8 . 6 2 5 0  4 . 0 3 3

2 . 4 3 3 3  1 . 2 0 3
2 . 4 2 5 0  1 . 2 1 8
9 . 0 6 2 5  7 . 7 3 3

N o t e .  W r i t i n g  t i m e  and T e r m i n a l  t i m e  a r e  m e a s u r e d  i n  
h o u r s .
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A l t h o u g h  t h e  IND c l a s s  h a s  21 s t u d e n t s  and t h e  RHG 

c l a s s  h a s  19 s t u d e n t s ,  t h e  n u m b e r s  o f  s t u d e n t s  who do  n o t  

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

t h e  program m ing  a s s i g n m e n t s  i n  t h e  RHG c l a s s .  The  

s t u d e n t s  who do  n o t  s u b m i t  a  summary r e p o r t  a r e  

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

t h o s e  s t u d e n t s  who a r e  r e p o r t i n g  d a t a  a r e  t h e  b e t t e r  

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

f o r  t h a t  c l a s s  a r e  l o w e r  ( i . e . ,  b e t t e r )  t h a n  t h e y  w ou ld  

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

a s s i g n m e n t s  and r e p o r t  t h e  r e q u i r e d  d a t a .

In a d d i t i o n  t h e  s t u d e n t s  i n  t h e  p r o g r a m m in g  g r o u p s  

r e p o r t  s p e n d i n g  more t i m e  w r i t i n g  and a n a l y z i n g  p r o g r a m s  

b u t  t h i s  may b e  t h e  r e s u l t  o f  b e i n g  more a w a r e  o f  t i m e  

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

c l a s s .  The m a j o r i t y  o f  t h e  s t u d e n t s  i n  t h e  RHG c l a s s  

work d u r i n g  t h e  w e e k d a y s  and a r e  n o t  a v a i l a b l e  t o  m eet  

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

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

and t h e  t i m e  s p e n t  a t  home,  w o r k i n g  a l o n e .

The s e c o n d  m e a s u r e  o f  p r o g r a m m i n g  e f f i c i e n c y  u s e d  i s  

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

e a c h  p r o gr am m in g  a s s i g n m e n t .  The d a t a  r e p o r t e d  i n d i c a t e s  

no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  m e a s u r e s  a c h i e v e d  by 

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

d a t a  i s  s m a l l e r  i n  t h e  IND c l a s s  t h a n  i n  t h e  RHG c l a s s ,  

t h e  IND c l a s s  a v e r a g e  a p p e a r s  t o  b e  l o w e r  t h a n  i t  m i g h t
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h a v e  b e e n  i f  more s t u d e n t s  had c o m p l e t e d  t h e  a s s i g n m e n t s  

o r  had r e p o r t e d  t h e  summary d a t a  r e q u e s t e d .

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

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

a s s i g n m e n t  n e e d e d  t o  o b t a i n  c o r r e c t  o u t p u t .  A g a i n  no  

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

on t h i s  m e a s u r e m e n t .  The c l a s s  a v e r a g e  i s  a f f e c t e d  by  

a n y  e x t r e m e  s c o r e  r e p o r t e d  by  a s t u d e n t .  One s t u d e n t  i n  

t h e  IND c l a s s  r e c o r d s  55  r u n s  f o r  p r o g r a m m in g  a s s i g n m e n t  

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

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

None o f  t h e  p r o g r a m m i n g  e f f i c i e n c y  m e a s u r e m e n t s  

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

a n a l y s e s  o f  t h e s e  m e a s u r e m e n t s  p r o d u c e  no  r e c o g n i z a b l e  

t r e n d s , ,  Ho7 i s  t e n a b l e  s i n c e  t h e  d a t a  o f f e r  i n s u f f i c i e n t  

e v i d e n c e  a g a i n s t  i t .

H y p o t h e s i s  E i g h t

HOj: The t e a c h i n g  m e t h o d  e m p l o y i n g  v a r i a n t  

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

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

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

e f f s ; c t  on s t u d e n t  a t t i t u d e  t o w a r d  c o m p u t e r s  and  

p r o g r a m m in g  a s  m e a s u r e d  b y :

1. t h e  A t t i t u d e  Toward C o m p u t e r s  and P r o g r a m m in g  

S u r v e y  g i v e n  p r e t r e a t m e n t ,

2 .  t h e  A t t i t u d e  Toward C o m p u t e r s  and P r o g r a m m in g
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S u r v e y  g i v e n  p o s t t r e a t m e n t  ( a f t e r  t h e  s i x t h  p r o gr am m in g  

a s s i  g n m e n t ) .

A n a l y s i s  o f  e a c h  s t a t e m e n t  on  t h e  s u r v e y ,  by  t _ - t e s t  

s t a t i s t i c s ,  i s  p r e s e n t e d  i n  T a b l e  14 .

The C r o n b a c h  ©C o f  0 . 8 4 7 B 9 ,  i n d i c a t i n g  h i g h  i n t e r n a l  

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

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

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

p r e s e n t e d  i n  T a b l e  15  and i n  F i g u r e  S .
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T a b l e  14

P r e t r e a t m e n t  and P o s t t r e a t m e n t  Mean I t e m  R e s p o n s e  on t h e  
A t t i t u d e  Toward C o m p u t e r s  and Computer P rogram m in g  S u r v e y

i n  C o m p a r i s o n  2

P r e t r e a t m e n t P o s t t r e a t m e n t

I t e m IND RHG IND RHS

1 4 . 8 7 5 0 4 . 6 8 4 2 4 . 5 4 5 5 4 . 7 7 7 8 *

4 . 2 6 0 9 4 . 3 1 5 8 3 . 7 2 7 3 4 . 3 8 8 9 * *

3 4 . 5 0 0 0 4 .  uv ijd 4 . 1 6 3 4 4 . 8 8 8 9 *

4 4 . 5 0 0 0 4 . 3 1 5 8 3 . 6 8 1 8 4 . 3 5 2 9 * *

5 3 . 7 9 1 7 3 . 9 4 7 4 3 . 5 9 0 9 4 . 0 0 0 0 *

6 4 . 5 0 0 0 4 . 6 3 1 6 4 . 4 0 9 1 4 . 5 0 0 0

7 3 . 9 5 6 5 4 .0000 3 . 7 2 7 3 3 . 5 8 8 2

8 4 . 6 2 5 0 4 . 3 6 8 4 4 . 1 8 1 8 4 . 5 5 5 6 *

9 4 . 1 6 6 7 4 . 0 5 1 6 3 . 5 9 0 9 3 . 8 8 8 9

10 3 . 5 8 3 3 3 . 8 9 4 7 2 . 9 0 9 1 3 . 7 2 2 2  *

11 4 . 2 9 1 7 4 . 1 0 5 3 4 . 1 3 6 4 4 . 1 6 6 7 *

12 4 . 0 8 3 3 4 . 26c*2 3 . 7 2 7 3 4 . 2 2 2 2

13 4 . 1 2 5 0 4 . 2 1 0 5 3 . 8 1 8 2 4 . 2 2 2 2 *

14 3 . 7 9 1 7 4 . 0 5 2 6 3 . 5 4 5 5 3 . 3 3 3 3

15 4 . 0 4 1 7 4 . 2 1 0 5 3 . 4 5 4 5 4 . 3 8 8 9 * *

16 3 . 3 4 7 8 3 . 5 7 8 9 2 . 6 1 9 0 3 . 4 4 4 4  *

17 3 . 6 2 5 0 3 . 5 7 8 9 3 . 7 2 7 3 3 . 7 2 2 2 *

18 3 . 7 9 1 7 3 . 9 4 7 4 3 .  6 3 6 4 3 . 5 5 5 6

N o t e .  A s c o r e  o f  5  i n d i c a t e s  a m ost  f a v o r a b l e  
a t t i t u d e  t o w a r d  t h e  i t e m .

♦ I n d i c a t e s  an i n c r e a s e  o f  i t e m  mean r e s p o n s e  
p o s t t r e a t m e n t  c o m p a r e d  t o  p r e t r e a t m e n t  i n  same c l a s s .  

*ja_ . 05
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T a b l e  15

Mean and  S t a n d a r d  D e v i a t i o n  o-f P r e t r e a t m e n t  and  
P o s t t r e a t m e n t  S t u d e n t  T o t a l  R e s p o n s e  A v e r a g e  on  t h e  

A t t i t u d e  Toward C o m p u t e r s  and  Computer  P r o g r a m m in g  S u r v e y
i n  C o m p a r i s o n  2

S u r v e y  IND RHG

S o u r c e  M SD M SD

P r e t r e a t m e n t  4 . 0 7 6 4  . 3 3 2  4 . 1 3 7 4  . 4 4 0

P o s t t r e a t m e n t  3 . 7 2 4 7  . 4 4 6  4 . 0 1 5 4  . 4 5 9 #

< .  0 5
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Figure 8. Pretreatment and posttreatment means of student 
total response average on the Attitude Toward 
Computers and Computer Programming Survey 
in the IND and RHG classes.
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The r e s u l t s  o f  c o m p a r i n g  t h e  p r e t r e a t m e n t  r e s p o n s e s  

t o  t h e  18 s t a t e m e n t s  on t h e  A t t i t u d e  Toward C o m p u t e r s  and  

P r o g r a m m in g  S u r v e y  p r o d u c e s  no s t a t e m e n t s  e l i c i t i n g  

s i g n i f i c a n t  d i f f e r e n c e s  i n  r e s p o n s e  f ro m  t h e  IND and RHG 

c l a s s e s .  In  c o m p a r i n g  t h e  p o s t t r e a t m e n t  r e s p o n s e s  o f  t h e  

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

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

s t a t e m e n t s  t h e  RHG c l a s s  s c o r e s  m ore  f a v o r a b l y  t h a n  t h e

IND c l a s s .  The f i v e  s t a t e m e n t s  a r e :

I t r y  t o  a v o i d  w o r k i n g  on my c o m p u t e r  p r o g r a m s  u n t i l  

t h e  l a s t  m i n u t e .  They  a r e  my l e a s t  f a v o r a b l e  

a s s i  g n m e n t s .

C o m p u t e r s  a r e  f a s c i n a t i n g  and e x c i t i n g  t o  work w i t h .

I v i e w  program m ing  a s  a s t i m u l a t i n g  and c h a l l e n g i n g  

a c t i v i t y .

I a l w a y s  l o o k  f o r w a r d  t o  w o r k i n g  on my c o m p u t e r  

p r o g r a m m i n g  a s s i g n m e n t s .

I f i n d  t h a t  t r y i n g  t o  g e t  my pr o g r a m  t o  run  on t h e

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

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

a b o v e ,  t h e  f o l l o w i n g  s t a t e m e n t s  r e c e i v e  more p o s i t i v e  

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

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

i n  t h e  p r e t r e a t m e n t  s u r v e y :

C om puter  pr ogr am m in g  i s  an i m p o r t a n t  s k i l l  t o  h a v e  

f o r  f u t u r e  j o b  o p p o r t u n i t i e s .

C o m p u t e r s  a r e  n o t  v e r y  u s e f u l  b e c a u s e  t h e y  a r e
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a l w a y s  b r e a k i n g  down o r  m a k in g  m i s t a k e s .

I b e c o m e  - f r i g h t e n e d  and p a n i c k y  a t  t h e  t h o u g h t  o f  

h a v i n g  t o  w r i t e  a  c o m p u t e r  p r o g r a m .

C om puter  p r o g r a m m in g  s e e m s  t o  be  a f a i r l y  u s e l e s s  

s k i  1 1 .

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

o f  l a r g e  and s m a l l  b u s i n e s s e s .

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

p r o b l e m s  i s  a l o g i c a l  p r o c e s s .

I t  s e e m s  t o  me t h a t  a  p r o gr am m in g  c l a s s  m o t i v a t e s  

s t u d e n t s  t o  c h e a t — t h e y  c o p y  o t h e r  p e o p l e - ’ s  p r o g r a m s  and  

hand them i n .

The IND c l a s s  s c o r e s  a more f a v o r a b l e  r e p o n s e  on o n e  

o u t  o f  t h e  I S  s t a t e m e n t s  on t h e  p o s t t r e a t m e n t  s u r v e y  

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

p r e t r e a t m e n t  s u r v e y .  T h a t  s t a t e m e n t  i s :  I t  s e e m s  t o  me

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

c h e a t — t h e y  c o p y  o t h e r  p e o p l e r s  p r o g r a m s  and hand them  

i n .

In t h e  p r e t r e a t m e n t  s u r v e y  t h e  IND c l a s s  r e s p o n d s  

more f a v o r a b l y  t o  6  o f  t h e  IS s t a t e m e n t s  t h a n  d o e s  t h e  

RHG c l a s s .  In t h e  p o s t t r e a t m e n t  s u r v e y ,  t h e  IND c l a s s  

a g a i n  r e s p o n d s  m ore  f a v o r a b l y  t o  6 o f  t h e  IS  s t a t e m e n t s  

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

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

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

T h at  s t a t e m e n t  i s  l i s t e d  a b o v e  and i s  t h e  sam e  s t a t e m e n t
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t h a t  r e c e i v e s  more - f a v o r a b l e  r e s p o n s e  i n  t h e  IND c l a s s  

p o s t t r e a t m e n t  t h a n  p r e t r e a t m e n t .

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

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

p o s t t r e a t m e n t  r e s u l t s .  The c l a s s  e x p e r i e n c i n g  g r o u p  

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

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

r e c e i v i n g  i n s t r u c t i o n  i n  t h e  t r a d i t i o n a l  mode .  The d a t a  

p r o v i d e  s u f f i c i e n t  s u p p o r t  f o r  a r e j e c t i o n  o f  Hop .

C o m p a r i s o n  5

C o m p a r i s o n  3 c o n t r a s t s  t h e  p r o g r a m m in g  a c h i e v e m e n t s  

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

i n s t r u c t i o n  i n  t h e  t w o  d i f f e r e n t ,  e x p e r i m e n t a l  m odes  (FHG 

and RHG>.

H y p o t h e s i s  N i n e

Ho,j : The t e a c h i n g  m e t h o d  e m p l o y i n g  f i x e d  

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

w i t h  l e c t u r e s ,  when com p are d  t o  t h e  m e t h o d  o f  e m p l o y i n g  

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

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

p r ogr am m in g  p r o f i c i e n c y  i n  an i n t r o d u c t o r y  c o m p u t e r  

p rogram m ing  c o u r s e  a s  m e a s u r e d  by:

1.  t h e  g r a d e s  on  p r o g r a m m i n g  a s s i g n m e n t s  # 3  (G PA 3) .

# 4  (GPA4),  # 5  (GPA5),  # 6  (G P A 6) ,

2 .  t h e  m idterm  e x a m i n a t i o n  s c o r e  (MIDTERM),
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3 .  t h e  f i n a l  e x a m i n a t i o n  s c o r e  (FINAL.).

S t u d e n t s  who do n o t  hand  i n  a p r o g r a m m in g  a s s i g n m e n t  

r e c e i v e  a g r a d e  o f  z e r o .  G r a d e s  on t h e  p r o gr am m in g  

a s s i g n m e n t s  r a n g e  from  z e r o  t o  t e n .  G r a d e s  on t h e  

m id t e r m  and f i n a l  e x a m i n a t i o n s  r a n g e  f r o m  z e r o  t o  o n e  

h u n d r e d .

The m ean s  and s t a n d a r d  d e v i a t i o n s  o f  t h e  pr ogr am m in g  

p r o f i c i e n c y  m e a s u r e s  a r e  p r e s e n t e d  i n  T a b l e  16 .
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T a b l e

Mean and S t a n d a r d  D e v i a t i o n
M e a s u r e s  Used i n

FHB

M e a s u r e M SD

GPA3 S . 4 5 0 0 2 . 6 2 0

GPA4 8 . 2 3 0 0 2 . 8 1 8

GPA5 7 . 2 1 5 0 3 . 8 8 4

GPA6 7 . 6 5 0 0 3 . 7 7 7

Mi d t e r m 7 7 . 8 0 0 0 1 4 . 3 2 2

Fi  n a l 6 7 . 9 0 0 0 3 1 . 0 0 7

16

o f  P r o g r a m m in g  P r o f i c i e n c y
C o m p a r i s o n  3

RHG

M SD

8 . 8 8 4 2 1 . 3 5 2

8 . 7 6 3 2 2 .  6 6 9

7 . 0 4 2 1 4 . 0 2 3

6 . 7 2 6 3 3 . 7 7 8

7 3 . 7 3 6 8 2 3 . 3 8 5

6 1 . 2 6 3 2 2 8 . 4 2 3
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A n a l y s i s  b y  t _ - t e s t  s t a t i s t i c s  r e v e a l s  no  s i g n i f i c a n t  

d i f f e r e n c e s  i n  t h e  a v e r a g e  program m ing  g r a d e s ,  m id t e r m  o r  

f i n a l  e x a m i n a t i o n  s c o r e s  i n  t h e  FHS and RH6 c l a s s e s .  

A l t h o u g h  t h e  a v e r a g e  g r a d e s  f o r  program m ing  a s s i g n m e n t s  

# 3  and #4  a r e  h i g h e r  f o r  t h e  RHG c l a s s ,  t h e  FHG c l a s s  

s c o r e s  h i g h e r  a v e r a g e  g r a d e s  f o r  program m ing  a s s i g n m e n t s  

# 5  and # 6  and on b o t h  t h e  m id t e r m  and f i n a l  e x a m i n a t i o n s .

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

may l i e  i n  t h e  i n a b i l i t y  o f  t h e  RHG s t u d e n t s ,  who a r e  

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

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

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

s t u d e n t s )  i n  t h e  RHG c l a s s .

S i n c e  no  s i g n i f i c a n t  d i f f e r e n c e s  a r e  f o u n d  on  t h e  

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

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

p r ogr am m in g  g r o u p ,  Ho, m ust  b e  c o n s i d e r e d  d e f e n s i b l e .

H y p o t h e s i s  Ten

HO,0 s The t e a c h i n g  m e t h o d  e m p l o y i n g  f i x e d  

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

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

c h a n g i n g  h e t e r o g e n e o u s  s t u d e n t  pr ogr am m ing  g r o u p s  i n  

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

s t u d e n t  prog r a m m in g  p e r s e v e r a n c e  i n  an i n t r o d u c t o r y  

c o m p u t e r  pr ogr am m in g  c o u r s e  a s  m e a s u r e d  by:

1 . t h e  number o f  s t u d e n t s  c o m p l e t i n g  t h e  program m ing
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a s s i g n m e n t  on t i m e ,

2 . t h e  number o f  s t u d e n t s  c o m p l e t i n g  t h e  programm ing  

a s s i g n m e n t  l a t e ,

3 . t h e  number o f  s t u d e n t s  n o t  c o m p l e t i n g  t h e  

p rog r a m m in g  a s s i g n m e n t .

T a b l e  17 p r e s e n t s  t h e  n u m b e r s  o f  s t u d e n t s  i n  t h e  FH6 

and RHG c l a s e s  i n  e a c h  c a t e g o r y  f o r  e a c h  a s s i g n m e n t .

The m ean s  and s t a n d a r d  d e v i a t i o n s  o f  t h e  program m ing  

p e r s e v e r a n c e  m e a s u r e s  f o r  t h e  c l a s s e s  i n  C o m p a r i s o n  3 a r e  

p r e s e n t e d  i n  T a b l e  18 .
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T a b l e  17

Number o f  S t u d e n t s  i n  C o m p a r i s o n  3  
<A) C o m p l e t i n g  t h e  P r o g r a m m in g  A s s i g n m e n t  on  Time

(B) C o m p l e t i n g  t h e  P r o g r a m m in g  A s s i g n m e n t  L a t e
(C) Not  C o m p l e t i n g  t h e  P r o g r a m m in g  A s s i g n m e n t

FHG RHG

P r o g r a m m in g  C a t e g o r y  C a t e g o r y

A s s i  gnment A B c A B C

#1 24 0 2 17 X. 0

#2 24 1 1 17 o r?X.

# 3 17 2 1 IS 1 0

#4 15 4 1 16 2 1

# 5 15 3 2 14 1 4

#6 15 3 2 14 3 2
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T a b l e  18

Mean and S t a n d a r d  D e v i a t i o n  o f  P r ogr am m in g  P e r s e v e r a n c e
M e a s u r e s  U sed  i n  C o m p a r i s o n  3

FHG RHG
M e a s u r e s  M SD M SD

Number o f  p r o g r a m m i n g  
a s s i  g n m e n t s
c o m p l e t e d  on  t i m e  3 . 0 5 0 0  1 . 6 0 5  3 . 2 6 3 2  1 . 1 9 5

Number o f  p r o g r a m m in g  
a s s i  g n m e n t s
c o m p l e t e d  l a t e  . 5 0 0 0  1 . 1 0 0  . 3 6 8 4  . 7 6 1

Number o f  p r o g r a m m in g  
a s s i  g n m e n t s
n o t  c o m p l e t e d  . 4 5 0 0  1 . 1 4 6  .‘3 6 8 4  . 7 6 1

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



www.manaraa.com

139

The m e a s u r e  o t  s t u d e n t  p r o g r a m m in g  p e r s e v e r a n c e  i s  

d e t e r m i n e d  b y  t h e  number o f  p r o g r a m m in g  a s s i g n m e n t s  

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

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

p r o g r a m m in g  a s s i g n m e n t  #1 on t i m e .  T h i s  p e r c e n t a g e  

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

l o w e s t  l e v e l  o f  75V. f o r  p r o g r a m m i n g  a s s i g n m e n t  # 6 .  One 

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

t h e  f i r s t  pr ogr am m in g  a s s i g n m e n t  and t h i s  p e r c e n t a g e  a l s o  

d e c r e a s e s  a s  t h e  t e r m  p r o g r e s s e s  and r e a c h e s  i t s  l o w e s t  

l e v e l  o f  73% on p r o g r a m m in g  a s s i g n m e n t  # 6 .

The  e v i d e n c e  d e m o n s t r a t e s  n o  d i f f e r e n c e  i n  t h e  

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

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

p r o g r a m m in g  c o u r s e .  Hoie i s  r e g a r d e d  a s  d e f e n s i b l e .

H y p o t h e s i s  E l e v e n

Ho(l s The  t e a c h i n g  m e t h o d  e m p l o y i n g  f i x e d  

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

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

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

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

s t u d e n t  pr ogr am m ing  e f f i c i e n c y  i n  an i n t r o d u c t o r y  

c o m p u t e r  p r o g r a m m in g  c o u r s e  a s  m e a s u r e d  b y :

1 . t h e  t i m e  s p e n t  by t h e  s t u d e n t  i n  d e s i g n i n g ,  

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

by  t h e  s t u d e n t ,  l i s t e d  a s  w r i t i n g  t i m e  and m e a s u r e d  i n
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h o u r s ) ;

2 . t h e  t i m e  s p e n t  by  t h e  s t u d e n t  a t  t h e  c o m p u t e r  

t e r m i n a l  -for t h e  p r o g r a m m in g  a s s i g n m e n t  ( r e c o r d e d  b y  t h e  

c o m p u t e r ,  l i s t e d  a s  t e r m i n a l  t i m e ,  d i s p l a y e d  a t  l o g o u t  

and m e a s u r e d  i n  h o u r s ) ;

3 .  t h e  number o f  r u n s  r e q u i r e d  by t h e  s t u d e n t  f o r  

t h e  program m ing  a s s i g n m e n t  ( r e c o r d e d  by  t h e  c o m p u t e r ,  

l i s t e d  a s  number o f  r u n s  and d i s p l a y e d  a s  t h e  f i l e  

g e n e r a t i o n  n u m b e r ) .

S t u d e n t s  who do n o t  hand i n  t h e  a b o v e  d a t a  f o r  a 

pr ogr am  a r e  n o t  i n c l u d e d  i n  t h e  a n a l y s i s  f o r  t h a t  

p rogram m ing  a s s i g n m e n t .  T a b l e  19  p r e s e n t s  t h e  m ea n s  and  

s t a n d a r d  d e v i a t i o n s  o f  t h e  program m ing  e f f i c i e n c y  

m e a s u r e s  f o r  s t u d e n t s  i n  C o m p a r i s o n  3 .
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T a b l e  19

Mean and S t a n d a r d  D e v i a t i o n  o f  P r o g r a m m in g  E f f i c i e n c y
M e a s u r e s  U s e d  i n  C o m p a r i s o n  3

FHG RHG
M e a s u r e  M SD M SD

F'rogrammi ng  
A s s i g n m e n t  # 3

W r i t i n g  t i m e  1 . 5 0 6 2  . 6 7 0  2 . 8 4 4 4  2 . 5 2 0
T e r m i n a l  t i m e  1 . 6 4 3 7  . 6 1 4  2 . 0 6 4 7  1 . 5 2 1
Number o f  r u n s  4 . 0 0 0 0  4 . 7 7 5  6 . 6 1 1 1  6 . 2 0 4

P r o g r a m m in g  
A s s i g n m e n t  # 4  

W r i t i n g  t i m e  
T e r m i n a l  t i m e  
Number o f  r u n s

1 . 9 0 0 0  1 . 2 6 4
2 . 3 9 3 7  . 9 2 0
7 . 1 8 7 5  7 . 2 5 0

2 . 7 0 0 0  2 . 3 4 9
2 . 1 8 1 2  . 9 4 9

1 1 . 0 6 2 5  7 . 7 5 0

P r o g r a m m in g  
A s s i g n m e n t  # 5  

W r i t i n g  t i m e  
T e r m i n a l  t i m e  
Number o f  r u n s

3 . 2 0 0 0  1 . 4 6 1
2 . 8 7 3 3  1 . 2 4 2
9 . 6 0 0 0  9 . 4 4 8

2 . 9 6 4 3  1 . 5 9 9
3 . 1 6 4 3  2 . 0 2 3
8 . 5 0 0 0  6 . 9 5 9

Pr o g r a m m in g  
A s s i g n m e n t  # 6  

W r i t i n g  t i m e  
T e r m i n a l  t i m e  
Number o f  r u n s

N o t e .  W r i t i n g  
h o u r s .

2 . 7 0 0 0  1 . 9 3 5
3 . 0 2 0 0  1 . 1 6 8
/ . 4 0 0 0  4 . 4 8 5

ime and T e r m i n a l  t i

2 . 4 3 3 3  1 . 2 0 3
2 . 4 2 5 0  1 . 2 1 8
9 . 0 6 2 5  7 . 7 3 3

me a r e  m e a s u r e d  i n
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The f i r s t  o f  t h r e e  m e a s u r e s  u s e d  t o  d e t e r m i n e  t h e  

s t u d e n t  p r o g r a m m i n g  e f f i c i e n c y  i s  t h e  w r i t i n g  t i m e  

r e c o r d e d  by t h e  s t u d e n t  f o r  e a c h  pr ogr am m in g  a s s i g n m e n t .  

The o n l y  w r i t i n g  t i m e  t o  o b t a i n  s t a t i s t i c a l l y  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  FHG c l a s s  and t h e  RHG c l a s s  i s  t h e  

a v e r a g e  w r i t i n g  t i m e  f o r  t h e  t h i r d  pr ogr am m in g  

a s s i g n m e n t .  A n a l y s i s  o f  t h e  d a t a  u s i n g  t i m e  s e r i e s  

d i s p l a y s  no  r e c o g n i z a b l e  t r e n d .

The s e c o n d  m e a s u r e  o f  s t u d e n t  program m ing  e f f i c i e n c y  

i s  t h e  am ount  o f  t e r m i n a l  t i m e  r e c o r d e d  f o r  e a c h  

c o m p l e t e d  p r o g r a m m i n g  a s s i g n m e n t .  A n a l y s i s  o f  t h e  d a t a  

o b t a i n e d  f r o m  t h e  s t u d e n t s  i n  t h e  FHG and t h e  RHG c l a s s e s

d o e s  n o t  f i n d  a n y  s i g n i f i c a n t  d i f f e r e n c e s .

The t h i r d  a s p e c t  o f  s t u d e n t  pr ogr am m in g  e f f i c i e n c y  

u s e d  a s  a  m e a s u r e m e n t  i s  t h e  number o f  r u n s  r e q u i r e d  by  

t h e  s t u d e n t  t o  o b t a i n  c o r r e c t  p r ogr am  o u t p u t .  T h i s  i s

r e c o r d e d  by  t h e  c o m p u t e r  f o r  e a c h  a s s i g n m e n t .  A g a i n

a n a l y s i s  o f  t h e  d a t a  f r o m  t h e  c l a s s e s  d o e s  n o t  o b t a i n  a n y  

s i g n i f i c a n t  d i f f e r e n c e s .

The e x p e r i m e n t a l  i n s t r u c t i o n  m ethod  e m p l o y i n g  f i x e d  

h e t e r o g e n e o u s  s t u d e n t  p r o g r a m m in g  g r o u p s ,  when c om p ared  

t o  t h e  e x p e r i m e n t a l  i n s t r u c t i o n  m ethod  e m p l o y i n g  v a r i a n t  

h e t e r o g e n e o u s  s t u d e n t  p r o g r a m m in g  g r o u p s ,  d o e s  n o t  a p p e a r  

t o  p r o d u c e  a n y  d i f f e r e n t i a l  e f f e c t s  a s  d e t e r m i n e d  byh e  

t h r e e  m e a s u r e s  o f  s t u d e n t  pr ogr am m in g  e f f i c i e n c y  u s e d  i n  

t h i s  s t u d y .  T h e r e f o r e  Ho„ i s  t e n a b l e .
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H y p o t h e s i s  T w e l v e

Ho,j. : The t e a c h i n g  m e th o d  e m p l o y i n g  - f i x e d  

h e t e r o g e n e o u s  s t u d e n t  p r o g r a m m in g  g r o u p s  i n  c o m b i n a t i o n  

w i t h  l e c t u r e s ,  when c o m p a r e d  t o  t h e  m e t h o d  o f  e m p l o y i n g  

c h a n g i n g  h e t e r o g e n e o u s  s t u d e n t  p r o g r a m m in g  g r o u p s  i n  

c o m b i n a t i o n  w i t h  l e c t u r e s ,  h a s  n o  d i f f e r e n t i a l  e f f e c t  on 

s t u d e n t  a t t i t u d e  t o w a r d  c o m p u t e r s  and prog r a m m in g  a s  

m e a s u r e d  by;

1. t h e  A t t i t u d e  Toward C o m p u t e r s  and Programm in g  

S u r v e y  g i v e n  p r e t r e a t m e n t ,

2 .  t h e  A t t i t u d e  Toward C o m p u t e r s  and Programm in g  

S u r v e y  g i v e n  p o s t t r e a t m e n t  ( a f t e r  t h e  s i x t h  pr ogr am m in g  

a s s i  g n m e n t ) .

T a b l e  2 0 ' p r e s e n t s  a  d e s c r i p t i v e  a n a l y s i s  o f  t h e  

a v e r a g e  p r e t r e a t m e n t  and p o s t t r e a t m e n t  i t e m  r e s p o n s e  .

T a b l e  21  and  F i g u r e  9 c o m p a r e  t h e  a v e r a g e  t o t a l  

s t u d e n t  r e s p o n s e  t o  t h e  s u r v e y ,  p r e t r e a t m e n t  and  

p o s t t r e a t m e n t , i n  t h e  FHG and RHG c l a s s e s .
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T a b l e  20

P r e t r e a t m e n t  and P o s t t r e a t m e n t  Mean I te m  R e s p o n s e  on t h e  
A t t i t u d e  Toward C o m p u t e r s  and Com puter  P r ogr am m in g  S u r v e y

i n  C o m p a r i s o n  3  
P r e t r e a t m e n t .  P o s t t r e a t m e n t

I te m FH6 RHG FHG RHB

1 4 . 4 4 0 0 4 . 6 8 4 2 4 . 5 5 5 6 ® 4 . 7 7 7 8 #

2 4 „ 4 4 0 0 4 . 3 1 5 8 4 . 3 3 3 3 4 . 3 8 8 9 #

3 4 . 5 2 0 0 4 . 5 5 5 6 4 . 3 8 8 9 4 . 8 8 8 9 #

4 4 „ 1667 4 . 3 1 5 8 4 . 3 3 3 3 # 4 . 3 5 2 9 #

5 3 . 8 8 0 0 3 . 9 4 7 4 4 . 0 0 0 0  # 4 . 0 0 0 0 #

6 4 . 4 0 0 0 4 . 6 3 1 6 4 . 1 6 6 7 4 . 5 0 0 0

7 3 . 8 0 0 0 4 . 0 0 0 0 3 . 5 5 5 6 3 . 5 8 8 2

8 4 . 0 4 0 0 4 . 3 6 8 4 4 . 3 8 8 9 # 4 . 5 5 5 6  •

9 3 . 8 4 0 0 4 . 0 5 1 6 3 . 9 4 4 4 # 3 . 8 8 8 9

10 • 3 . 4 8 0 0 3 . 8 9 4 7 3 . 6 1 1 1 # 3 . 7 2 2 2

11 4 . 0 8 0 0 4 . 1 0 5 3 4 . 3 3 3 3 # 4 . 1 6 6 7 #

12 4 . 0 4 0 0 4 . 2 6 3 2 4 . 2 7 7 8 # f t  O  ^ 7  
•*+ a J - . jC .J -

13 4 . 2 4 0 0 4 . 2 1 0 5 4 . 3 3 3 3 # 4 . 2 2 2 2 #

14 3 . 7 2 0 0 4 . 0 5 2 6 3 . 8 8 8 9 # 3 . 3 3 3 3

15 4 . 1 2 0 0 4 . 2 1 0 5 4 . 2 7 7 8 # 4 . 3 8 8 9 #

16 3 . 2 8 0 0 3 . 5 7 8 9 3 . 2 3 5 3 3 . 4 4 4 4

17 3 . 7 6 0 0 3 . 5 7 8 9 3 . 5 5 5 6 3 . 7 2 2 2 #

IS 3 . 8 8 0 0 3 . 9 4 7 4 3 . 9 4 1 2 # 3 . 5 5 5 6

N o t e .  A s c o r e  o-f 5  i n d i c a t e s  a m ost  f a v o r a b l e  
a t t i t u d e  t o w a r d  t h e  i t e m .

# I n d i c a t e s  an i n c r e a s e  o f  i t e m  mean r e s p o n s e  
p o s t t r e a t m e n t  c o m p a r e d  t o  p r e t r e a t m e n t  i n  same c l a s s .
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T a b l e  21

Mean and S t a n d a r d  D e v i a t i o n  o-f P r e t r e a t m e n t  and  
P o s t t r e a t m e n t  S t u d e n t  T o t a l  R e s p o n s e  A v e r a g e  on t h e  

A t t i t u d e  Toward C o m p u t e r s  and Computer  Program m in g  S u r v e y
i n  C o m p a r i s o n  3

PHG RH6S u r v e y  rnu

S o u r c e M SD M SD

Pretreatment 3.9978 .487 4. l-->74 .440

Posttreatment 4.0401 .545 4.01^4 . 4o9
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Figure 9. Pretreatment and posttreatment means of student 
total response average on the Attitude Toward 
Computers and Computer Programming Survey in 
the FHG and RHG classes.
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A n a l y s i s  o f  t h e  r e s p o n s e s  i n  t h e  FHG and RHG c l a s s e s  

on t h e  p r e t r e a m e n t  A t t i t u d e  Toward C o m p u t e r s  and  Computer  

Pr o g r a m m in g  S u r v e y  f i n d s  no  s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e s .  T h e  RHG c l a s s  s c o r e s  s l i g h t l y  more  

f a v o r a b l e  r e s p o n s e s  t o  14 s t a t e m e n t s  on t h e  s u r v e y .

A n a l y s i s  o f  t h e  r e s p o n s e s  i n  t h e  FHG and RHG c l a s s e s  

on t h e  p o s t t r e a t m e n t  A t t i t u d e  Toward C o m p u t e r s  and  

C om puter  P r ogr am m in g  S u r v e y  a l s o  f i n d s  n o  s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e s .  The RHG c l a s s  s c o r e s  s l i g h t l y  

more f a v o r a b l e  r e s p o n s e s  t o  11 s t a t e m e n t s  on t h e  s u r v e y .

Th e RHG c l a s s  r e s p o n d s  m ore  f a v o r a b l y  t o  n i n e  

s t a t e m e n t s  on t h e  p o s t t r e a t m e n t  s u r v e y  c om p are d  t o  t h e  

c l a s s  r e s p o n s e s  on  t h e  p r e t r e a t m e n t  s u r v e y ,  and t h e  FHG 

c l a s s  r e s p o n d s  more f a v o r a b l y  t o  12 s t a t e m e n t s  on t h e  

p o s t t r e a t m e n t  s u r v e y  com p are d  t o  t h e  c l a s s  r e s p o n s e s  on  

t h e  p r e t r e a t m e n t  s u r v e y .  S e v e n  o f  t h e  s t a t e m e n t s  

r e c e i v i n g  more f a v o r a b l e  c l a s s  r e s p o n s e  p o s t r e a t m e n t w i s e  

a r e  t h e  sam e  f o r  b o t h  c l a s s e s .

C o m p a r i s o n  o f  t h e  t o t a l  r e s p o n s e  a v e r a g e  f o r  t h e  

p r e t r e a t m e n t  and  p o s t r e a t m e n t  s u r v e y s  r e v e a l s  n o  

s i g n i f i c a n t  d i f f e r e n c e s  f o r  t h e  FHG and t h e  RHG c l a s s e s .

The  c u r r e n t  i n v e s t i g a t i o n  f a i l s  t o  d e t e c t  any  

s i g n i f i c a n t  d i f f e r e n c e s  i n  s t u d e n t  a t t i t u d e  i n  t h e  

c l a s s e s  e m p l o y i n g  e i t h e r  s t u d e n t  p r o g r a m m in g  g r o u p  

s t r u c t u r e  i n  an  i n t r o d u c t o r y  p r o g r a m m in g  c o u r s e  and s o  Ho,, 

i s  t e n a b l e .
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The Team P r o j e c t  and S t u d e n t  R e a c t i o n s  t o  t h e  C o u r s e

Program m in g  a s s i g n m e n t  # 7  i s ’ a t ea m  p r o j e c t  i n  a l l

t h e  c l a s s e s .  I t  i s  a s s i g n e d  and c o m p l e t e d  a f t e r  t h e

e x p e r i m e n t  and i s  u s e d  a s  an a i d  i n  t h e  a s s e s s m e n t  o f  t h e  

d a t a  o b t a i n e d  f o r  C o m p a r i s o n s  1 ,  2  and 3 .

T a b l e  2 2  p r e s e n t s  t h e  a v e r a g e  s t u d e n t  g r a d e  r e c e i v e d

on  programmi.ng a s s i g n m e n t  # 7  f o r  e a c h  c l a s s  and t h e  

p e r c e n t a g e  o f  s t u d e n t s  i n  e a c h  c l a s s  c o m p l e t i n g  t h e  

p r o j e c t »
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T a b l e  22

Mean and S t a n d a r d  D e v i a t i o n  o f  S t u d e n t  G rad e  R e c e i v e d  on 
Team P r o j e c t  and P e r c e n t a g e  o f  S t u d e n t s  C o m p l e t i n g  t h e

A s s i g n m e n t

Cl a s s M SD P e r c e n t a g e

IND 6 . 0 4 7 6 3 . 8 4 0 7 6 . 2

FHG 8 . 3 5 0 0 3 . 6 1 7 8 5 . 0

RHG 8 . 7 8 9 5 3 .  119 8 9 . 5
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P r i o r  t o  t h e  - f i n a l  e x a m i n a t i o n ,  t h e  s t u d e n t s  i n  t h e  

t h r e e  c l a s s e s  a r e  a s k e d  t o  e v a l u a t e  t h e  c o u r s e .  One 

m e t h o d  u s e d  r e q u e s t e d  t h e  s t u d e n t s  t o  l i s t  t h e  most  

p o s i t i v e  a s p e c t  and  t h e  m o s t  n e g a t i v e  a s p e c t  o f  t h e  

c o u r s e .  The  s e c o n d  m e t h o d  u s e d  had t h e  s t u d e n t s  s e l e c t  

o n e  word f r o m  e a c h  o f  e i g h t  o p p o s i t e  w o r d - p a i r s  t o  

d e s c r i b e  t h e  c o u r s e .

L i s t e d  b e l o w  a r e  s o m e  o f  t h e  s t u d e n t  a n s w e r s  t o  t h e  

r e q u e s t  t o  name t h e  m o s t  p o s i t i v e  and t h e  most, n e g a t i v e  

a s p e c t s  o f  t h e  c o u r s e .  The  s t u d e n t s ’ r e s p o n s e s  a r e  

p r e s e n t e d  by c l a s s .

The M ost  P o s i t i v e  A s p e c t  o f  t h e  C o u r s e

HMD C l a s s .

"W orking  i n  g r o u p s . “

" N o t h i  n g . "

"The g r o u p  p r o j e c t  i n  w h i c h  we w orked  t o g e t h e r . "

"Good e x p e r i e n c e  w o r k i n g  w i t h  a g r o u p .  Program  

( p r o g r a m m in g  a s s i g n m e n t  # 7 )  . . ■ l o o k e d  more  d i f f i c u l t  

t h a n  i t  a c t u a l l y  w a s . "

"The p r o j e c t  w a s  m ore  i n t e r e s t i n g  b e c a u s e  i t  was  

s h a r e d  a n d  more  f u n . "

"I e n j o y e d  w o r k i n g  w i t h  D ave  and D i a n e .  We s h o u l d  

h a v e  had  t i m e  t o  d o  more p r o g r a m s  i n  g r o u p s . "
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FH6 C l a s s .

"Group w o r k ."

"I l i k e d  w o r k i n g  i n  t h e  g r o u p  and r e a l l y  l e a r n e d  

more  t h a t  w a y . "

" W a l k t h r o u g h s  w i t h  g r o u p s  a r e  g r e a t  i f  e v e r y o n e  h a s

h i s  work d o n e  and s h o w s  up t o  h e l p  o u t . "

" E v e r y o n e  i n  t h e  g r o u p  w a s  w i l l i n g  t o  h e l p  o n e  

a n o t h e r  and I f i n d  t h a t  t h a t  i s  r e a l l y  g o o d  i n  a  c l a s s  

l i k e  t h i s . "

" I t  w a s  g o o d  t o  g e t  a  f e e l i n g  o f  w o r k i n g  w i t h  o t h e r

p e o p l e  and s e e i n g  how t h e y  a p p r o a c h  p r o b l e m s . "

" L a s t  p r o g r a m  w a s  i n t e r e s t i n g  w i t h  t o t a l  g r o u p  

i n v o l v e d .  Each p e r s o n  p a r t i c i p a t e d  i n  o r d e r  t o  d e v e l o p  

t h e  pr ogr am  and a l l o w e d  f o r  g r o u p  d i s c u s s i o n  i n  a i m i n g  a t  

t h e  f i n a l  r u n . "

RHG C l a s s .

"Met v e r y  h e l p f u l  and h i g h l y  m o t i v a t e d  p e o p l e .  I t  

made me f e e l  I c o u l d  d o  a l i t t l e  b i t  o f  p r o g r a m m i n g . "

"To s e e  s a m e  p r o b l e m  s o l v e d  i n  d i f f e r e n t  w a y s . "

"I f e l t  h e l p i n g  o t h e r s  o u t  w i t h  t h e i r  p r o b l e m s  w i t h  

t h e i r  p r o g r a m s  w as  b o t h  c h a l l e n g i n g  and a l e a r n i n g  

e x p e r i e n c e . "

"Working w i t h  o t h e r s  f ro m  whom I l e a r n e d  a l o t . "

"Working w i t h  a g r o u p  t o  s o l v e  a p r o b l e m . "

"Programming A s s i g n m e n t  # 7  w as  t h e  m o s t  i n t e r e s t i n g  

o f  a l 1 . . . f u n  t o  work i n  a g r o u p  and s o l v e  p r o b l e m s  

c o l l e c t i v e l y .  "
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H o st  N e g a t i v e . f t s p e c t  o f  t h e  C o u r s e

IND C l a s s ,

" G e t t i n g  on t h e  t e r m i n a l s . "

" I t ' s  a p a i n !  Not  e n o u g h  t i m e !  Hard t o  g e t  p e o p l e  

t o g e t h e r !"

"Group d i d  n o t  work o u t  . . . t o o  much t i m e  w a i t i n g

f o r  p e o p l e ,  t r y i n g  t o  m e e t ,  e t c .  One member was  

u n r e l i a b l e  and u n r e s p o n s i v e  t o  p h o n e  c a l l s . "

"Group p r o j e c t  b e c a u s e  o n l y  o n e  o t h e r  p e r s o n  i n  my 

g r o u p  w as  w i l l i n g  t o  w o r k ."

"Too much work i n  t o o  l i t t l e  t i m e . "

" F a l l i n g  b e h i n d . "

" I t  a c t u a l l y  t o o k  me 5 5  r u n s  t o  g e t  a s s i g n m e n t  # 5  t o  

work p r o p e r l y . "

" I t  w o u ld  h a v e  b e e n  a 1 o t  b e t t e r  i f  t h e  r e s t  o f  my 

g r o u p  knew t h a t  t h i s  was s u p p o s e d  t o  b e  a ' g r o u p '  

p r o j e c t ! !"

FHG C l a s s .

"Too much i n f o r m a t i o n  i n  t o o  l i t t l e  t i m e . "

"The g r o u p  i d e a  d i d  n o t  w o r k ."

" T r y i n g  t o  g e t  t h e  g r o u p  t o g e t h e r  o u t s i d e  o f  c l a s s  

was  d i f f i c u l t . "

"Not h a v i n g  o t h e r  g r o u p  m em bers '  work p r e p a r e d  on  

t i m e .  T h i s  m akes  t h e  g r o u p  s i t u a t i o n  f a i r l y  u s e l e s s . "

FI:HG C l a s s .

" C o u r s e  m oves  v e r y  f a s t ;  n o t  e n o u g h  t i m e . "
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"Eieing g r a d e d  a s  o n e  f o r  g r o u p  p e r f o r m a n c e ,  "

"The g r o u p  i d e a . "

"Group pr ogr am m ing  w i t h  a p o o r  g r o u p — a v e r y  

f r u s t r a t i n g  e x p e r i e n c e .  A f t e r  a g r o u p  c h a n g e ,  h o w e v e r ,  

i t  was  r e w a r d i n g . "

" H av ing  s o m e o n e  e l s e ' s  p r o g r a m  r e f l e c t  my 

g r a d e — w o r k i n g  w i t h  a  g r o u p  t h a t  w a s  n o t  c o o p e r a t i v e .

When a l l  t h r e e  w o r k e d  t o g e t h e r  i t  w as  b e n e f i c i a l ,  b u t  i f  

o n e  d i d  n o t  do  t h e  work i t  was  f r u s t r a t i n g  f o r  t h e  

o t h e r s .  A l s o  b e i n g  a comm uter  s c h o o l ,  i t  w as  h a r d  t o  g e t  

t o g e t h e r  o u t s i d e  o f  c l a s s . "

"The f r u s t r a t i o n  o f  b e i n g  d e p e n d e n t  on o t h e r s  who 

d i d  n o t  h a v e  t h e  same e n t h u s i a s m  a s  I h a d . "

"The g r o u p  i d e a — I f e e l  t h a t  e a c h  p e r s o n  s h o u l d  do  

h i s  o r  h e r  own w o r k .  When g r a d e s  a r e  c o n c e r n e d ,  i t  i s  

u n f a i r  t o  p e n a l i z e  o n e  p e r s o n  f o r  a n o t h e r  p e r o n ’ s  

m i s t a k e s .  In some i n s t a n c e s ,  g r o u p  mem bers  g a v e  a  c o p y  

o f  t h e i r  p r o g r a m  t o  a member o f  t h e  g r o u p  who c o u l d n ' t  do  

t h e  p r o g r a m .  T h i s  p e r s o n  c o p i e d  t h e  o t h e r s ' '  p r o g r a m  and  

h a n d e d  i t  i n  a s  h i s  own. I f  e a c h  p e r s o n  i s  r e s p o n s i b l e  

f o r  h i s / h e r  and o n l y  h i s / h e r  own w or k ,  I f e e l  t h a t  i t  

w o u ld  b e  a much m ore  e n j o y a b l e  c o u r s e . "

S e l e c t i n g  From Word-F'air  D e s c r i p t i o n s

T a b l e  2 3  p r e s e n t s  t h e  o p p o s i t e  w o r d - p a i r s  t h a t  a r e  

o f f e r e d  t o  t h e  s t u d e n t  and t h e  number o f  s t u d e n t s  i n  e a c h  

c l a s s  who s e l e c t  e a c h  c h o i c e .
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T a b l e  23

S t u d e n t  S e l e c t i o n s  From W o r d - P a i r  D e s c r i p t i o n s  f o r  t h e
C o u r s e  E v a l u a t i o n

W o r d - P a i r Cl a s s

D e s c r i p t i o n IND FHG RHG

E a s y / h a r d 4 / 1 1 2 / 1 2 5 / 1

E n j o y a b l e / u n e n j o y a b l e 1 7 / 1 1 2 /2 1 6 / 1

R e q u i r e s  s k i  1 1 / r e q u i r e s  l u c k 1 6 / 0 1 7 / 0 1 6 / 0

Rel  a > : i n g / f  r u s t r a t i n g 3 / 1 1 4 / 9 7 / 8

F ' l e a s i n g / u n s e t t l  i n g 1 3 / 2 9 / 4 1 4 / 2

L e a r n e d  m u c h . / l e a r n e d  l i t t l e 1 5 / 2 1 6 / 1 1 6 / 1

S i m p l e / c h a l l e n g i n g 3 / 1 5 1 / 1 6 1 /1<

W a s t e  o f  t i m e / n o t  e n o u g h  t i m e 0 / 1 8 1 / 1 5 0 / 1:

N o t e .  O n l y  t h o s e  s t u d e n t s  who r e s p o n d  a r e  c o u n t e d .
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The a s s e s s m e n t  o f  s t u d e n t  r e a c t i o n s  t o  t h e  c o u r s e  by  

t h e  s e l e c t i o n  f ro m  o p p o s i t e  w o r d - p a i r s  and t h e  l i s t i n g  by  

t h e  s t u d e n t  o f  t h e  m o s t  p o s i t i v e  and n e g a t i v e  c o u r s e  

a s p e c t  p r o d u c e s  s i m i l a r  r e s u l t s  i n  t h e  IND, FHG and RHG 

c l a s s e s .  The m a j o r i t y  o f  s t u d e n t s  i n  e a c h  t h e  t h r e e  

c l a s s e s  f i n d  t h e  c o u r s e  t o  b e  h a r d ,  e n j o y a b l e ,  r e q u i r i n g  

s k i l l ,  f r u s t r a t i n g  <a l a r g e r  m a j o r i t y  i n  t h e  IND c l a s s ) ,  

p l e a s i n g  and c h a l l e n g i n g .  S t u d e n t s  f e e l  t h a t  t h e y  l e a r n  

much,  b u t ,  t h a t  t h e r e  i s  n o t  e n o u g h  t i m e  t o  c o v e r  a l l  t h e  

m a t e r i a l  i n  s u f f i c i e n t  d e t a i l .

A l t h o u g h  t h e  t e a m  p r o j e c t  i s  t h e  f i r s t  and t h e  o n l y  

e x p o s u r e  t h e  s t u d e n t s  i n  t h e  IND c l a s s  h a v e  t o  a g r o u p  

p r o gr am m in g  a c t i v i t y ,  a l l  t h r e e  c l a s s e s  r e f e c t  upon t h e  

g r o u p  programmming e x p e r i e n c e  when l i s t i n g  t h e  m o s t  

p o s i t i v e  o r  t h e  m ost  n e g a t i v e  a s p e c t  o f  t h e  c o u r s e .  The  

g r o u p  b e c o m e s  an i n t e r e s t i n g ,  r e w a r d i n g ,  l e a r n i n g  

e x p e r i e n c e  when a l l  t h e  m em bers  i n  t h e  g r o u p  p a r t i c i p a t e ,  

and a f r u s t r u a t i n g  w a s t e  o f  t i m e  when t h e  m em bers  a r e  

u n c o o p e r a t i  v e .

The a v e r a g e  s t u d e n t  g r a d e  on t h e  t ea m  p r o j e c t  i s  t h e  

h i g h e s t  i n  t h e  RHG c l a s s ,  i n  w h ic h  8 9 .5 7 .  o f  t h e  s t u d e n t s  

c o m p l e t e  t h e  a s s i g n m e n t .  A g a i n ,  s t u d e n t s  who do  n o t  

c o m p l e t e  t h e  a s s i g n m e n t  a r e  g i v e n  a g r a d e  o f  z e r o  and  a r e  

i n c l u d e d  i n  t h e  a n a l y s i s .  T h i s  may i n f l a t  t h e  g r a d e  

d i f f e r e n c e  o b s e r v e d  b e t w e e n  t h e  c l a s s e s .  When t h e  

r e s u l t s  a r e  c o m p a r e d  on t h e  b a s i s  o f  o n l y  t h o s e  s t u d e n t s  

who c o m p l e t e  t h e  t e a m  p r o j e c t ,  t h e  g r a d e  d i f f e r e n t i a l
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b e t w e e n  t h e  c l a s s e s  i s  r e d u c e d .
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CHAPTER VI 

CONCLUSION

Summary

Com puter  p r o g r a m m in g  i s  n o  l o n g e r  a m y s t e r i o u s  a r t  

p r a c t i c e d  by  a v e r y  f e w .  l iany c o u n t r i e s  a r e  r a p i d l y  

c o n v e r g i n g  t o  a t o t a l l y  c o m p u t e r i z e d  s o c i e t y ,  m ak in g  

c o m p u t e r  e d u c a t i o n  o n e  o f  t h e  m o s t  c r i t i c a l  a r e a s  o f  

c o n c e r n .  C am puse s  a c r o s s  t h e  n a t i o n  a r e  o f f e r i n g ,  and  

many a r e  r e q u i r i n g ,  s t u d e n t s  t o  t a k e  i n t r o d u c t o r y  c o u r s e s  

i n  p r o g r a m m in g  l a n g u a g e s .  C om puter  l i t e r a c y  i s  v i e w e d  a s  

a  n e c e s s a r y  t o o l  f o r  t h e  g r a d u a t e  o f  t o d a y .

S t u d e n t s  e n t e r  i n t r o d u c t o r y  p r o g r a m m in g  c o u r s e s  w i t h  

a v a r i e t y  o f  a c a d e m i c  b a c k g r o u n d s ,  l e v e l s  o f  m a t u r i t y ,  

m o t i v a t i o n s  and n e e d s .  T h ey  may b e  c o n t e m p l a t i n g  a 

c o m p u t e r  s c i e n c e  m a j o r ,  f u l f i l l i n g  a r e q u i r e m e n t  f o r  

a n o t h e r  m a j o r ,  o r  s e e k i n g  s e l f - e n l i g h t e n m e n t . The  

p r o b l e m  o f  how t o  t e a c h  t o  s u c h  a w i d e  a u d i e n c e  o f  

s t u d e n t s  h a s  b e c o m e  a m o s t  i m p o r t a n t  c o n c e r n  o f  c o m p u t e r  

s c i e n c e  e d u c a t i o n .

The p u r p o s e  o f  t h i s  s t u d y  i s  t o  i n v e s t i g a t e  t h e  

e f f e c t s  o f  i n s t r u c t i o n a l  m e t h o d s  e m p l o y i n g  g r o u p  

p r o g r a m m i n g  on s t u d e n t  p r o g r a m m in g  s k i l l s  and s t u d e n t  

a t t i t u d e  i n  an i n t r o d u c t o r y  l e v e l  c o m p u t e r  p r o gr am m in g
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c o u r s e .  A l t h o u g h  c o m p u t e r  s c i e n c e  i n s t r u c t o r s  a r e  

e m p l o y i n g  many i n n o v a t i v e  m e t h o d s  i n  i n t r o d u c t o r y  

c o m p u t e r  p r o g r a m m i n g  c o u r s e s ,  n o n e  o f  t h e  m e t h o d s  a p p e a r  

t o  d o c u m e n t  s u b s t a n i a l l y  t h e  c o n s i s t e n t  i m p r o v e m e n t  o f  

t h e s e  s t u d e n t s  c o g n i t i v e l y  o r  a f f e c t i v e l y .  C o n s e q u e n t l y  

t h e  t r a d i t i o n a l  p e d a g o g i c a l  m e t h o d ,  c o m b i n i n g  l e c t u r e  

w i t h  i n d i v i d u a l  p r o g r a m m i n g ,  c o n t i n u e s  t o  h a v e  w i d e s p r e a d  

u s e .

C l a i m i n g  t h a t  t h e  t r a d i t i o n a l  i n s t r u c t i o n a l  m eth od  

p r a c t i c e d  i n  i n t r o d u c t o r y  l e v e l  c o u r s e s ,  f o s t e r s  

f r u s t r a t i o n  and d i s c o u r a g e m e n t ,  c o m p u t e r  p s y c h o l o g i s t s  

a d v o c a t e  t h e  u s e  o f  s t u d e n t  p r o g r a m m i n g  g r o u p s .  S t u d e n t s  

i n  t h e  g r o u p  work t o g e t h e r  t o  a n a l y s e  and d e s i g n  

s o l u t i o n s  t o  p r o g r a m m in g  a s s i g n m e n t s  and t h e  g r o u p  

s e t t i n g  o f f e r s  s t u d e n t  m em bers  t h e  o p p o r t u n i t y  t o  s e e  

o t h e r  c o d e d  s o l u t i o n s  and h a v e  t h e i r s  r e v i e w e d  by  g r o u p  

members f o r  e r r o r  d e t e c t i o n .

I t  i s  e x p e c t e d  t h a t  t h e s e  a c t i v i t i e s  r e d u c e  t h e  t i m e  

r e q u i r e m e n t  and f r u s t r a t i o n  e l e m e n t  a s s o c i a t e d  w i t h  

i n t r o d u c t o r y  l e v e l  p r o g r a m m in g  c o u r s e s  t h a t  r e s u l t  i n  a 

h i g h  p e r c e n t a g e  o f  t h e  s t u d e n t s  n o t  c o m p l e t i n g  t h e  

c o u r s e ;  a n d ,  i n c r e a s e  t h e  p r o g r a m m in g  s k i l l  and p r o m o t e  

p o s i t i v e  a t t i t u d e s  t o w a r d  c o m p u t e r s  f o r  t h e  s t u d e n t .

S o c i o - p s y c h o l o g i s t s  h a v e  f o u n d  t h a t  a  

w e l 1 - f u n c t i o n i n g ,  c o h e s i v e  g r o u p  h a s  m a j o r  i m p l i c a t i o n s  

f o r  c o g n i t i v e  s t i m u l a t i o n  and a t t i t u d e  i n f l u e n c e  when t h e  

i n d i v i d u a l  w a n t s  t o  b e l o n g  t o  t h e  g r o u p  and  p e r c e i v e s
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s e l f  a s  a member o f  t h e  g r o u p .  F u r t h e r m o r e ,  a t t i t u d e  

c h a n g e s ,  r e s u l t i n g  -from g r o u p  m e m b e r s h i p ,  h a v e  b e e n  

l i n k e d  t o  c h a n g e s  i n  b e h a v i o r  and  i t  i s  c l a i m e d  t h a t  t h e  

d e v e l o p m e n t  o f  a  p o s i t i v e  a t t i t u d e  t o w a r d  a s u b j e c t  c a n  

r e s u l t  i n  i n c r e a s e d  c o g n i t i v e  a c h i e v e m e n t  and i n  

p u r s u a n c e  o f  f u r t h e r  s t u d y  i n  t h e  s u b j e c t .

R e s e a r c h  on a l l  l e v e l s  o f  e d u c a t i o n  f i n d  t h e  g r o u p  

t o  b e  a p o w e r f u l  t o o l  i n  t h e  p r o b l e m  s o l v i n g  s i t u a t i o n .

In c o o p e r a t i v e  l e a r n i n g ,  s t u d e n t s  s h a r e  i n f o r m a t i o n ,  

g e n e r a t e  a l t e r n a t e  i d e a s  and s h a r p e n  t h e i r  i n f e r e n c e  

t h r o u g h  d i s c u s s i o n .  B e s i d e s  i n c r e a s i n g  c o n f i d e n c e  and  

s e l f - e s t e e m  by e l i m i n a t i n g  t h e  d e t r i m e n t a l  e f f e c t s  o f  

c o m p e t i t i o n  ( i . e . ,  a n x i e t y ,  i n d i f f e r e n c e ,  r e s e n t m e n t ) ,  

g r o u p s  h a v e  b e e n  f o u n d  t o  o f f e r  s u p p o r t  t o  t h e  s t u d e n t ,  

o f t e n  r e s u l t i n g  i n  i n c r e a s e d  l e a r n i n g  and a more p o s i t i v e  

a t t i t u d e  t o w a r d  t h e  s u b j e c t .

T h i s  s t u d y  i s  d e s i g n e d  t o  e x a m i n e  t w o  e x p e r i m e n t a l  

i n s t r u c t i o n a l  m e t h o d s  t h a t  c o m b i n e  l e c t u r e s  w i t h  s t u d e n t  

p r o g r a m m in g  g r o u p s .  One m e t h o d  c o m b i n e s  l e c t u r e s  w i t h  

f i x e d  h e t e r o g e n e o u s  s t u d e n t  p r o g r a m m i n g  g r o u p s  and t h e  

o t h e r  c o m b i n e s  l e c t u r e s  w i t h  v a r i a n t  h e t e r o g e n e o u s  

s t u d e n t ,  p r o gr am m in g  g r o u p s .  The i n v e s t i g a t i o n  i s  

o r g a n i z e d  a c c o r d i n g  t o  t h r e e  c o m p a r i s o n s :

C o m p a r i s o n  1 e x a m i n e s  t h e  p r o g r a m m i n g  s k i l l s ,  

d e f i n e d  a s  program m ing  p r o f i c i e n c y ,  p r o g r a m m in g  

p e r s e v e r a n c e  and p r o g r a m m in g  e f f i c i e n c y ,  and s t u d e n t  

a t t i t u d e s  i n  a c l a s s  r e c e i v i n g  i n s t r u c t i o n  i n  t h e
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t r a d i t i o n a l  method a s  t h e y  c o m p a re  t o  t h o s e  o f  s t u d e n t s  

i n  a c l a s s  r e c e i v i n g  i n s t r u c t i o n  i n  t h e  e x p e r i m e n t a l  

m ethod  e m p l o y i n g  f i x e d  h e t e r o g e n e o u s  p r o g r a m m in g  g r o u p s .

C o m p a r i s o n  2 e x a m i n e s  t h e  p r o g r a m m in g  s k i l l s  and  

a t t i t u d e s  o f  s t u d e n t s  i n  a c l a s s  r e c e i v i n g  i n s t r u c t i o n  i n  

t h e  t r a d i t i o n a l  m ethod  c o m p a re d  t o  t h o s e  o f  s t u d e n t s  i n  a 

c l a s s  r e c e i v i n g  i n s t r u c t i o n  i n  t h e  e x p e r i m e n t a l  method  

e m p l o y i n g  v a r i a n t  h e t e r o g e n e o u s  p r o g r a m m in g  g r o u p s .

C o m p a r i s o n  3  e x a m i n e s  t h e  p r o g r a m m in g  s k i l l s  and  

a t t i t u d e s  o f  t h e  s t u d e n t s  i n  t h e  c l a s s e s  r e c e i v i n g  

i n s t r u c t i o n  i n  t h e  t w o  e x p e r i m e n t a l  m od e s .

The s t u d y  i s  c o n d u c t e d  a t  a p r i v a t e  four—y e a r ,  

c o e d u c a t i o n a l  c o l l e g e  t h a t  s e r v i c e s  a p p r o x i m a t e l y  1 0 , 0 0 0  

s t u d e n t s  u n d e r  a p o l i c y  o f  op e n  e n r o l l m e n t .  T h r e e  

d a y t i m e  s e c t i o n s  o f  an i n t r o d u c t o r y  l e v e l  c o m p u t e r  

pr ogr am m in g  c o u r s e  e n t i t l e d  S t r u c t u r e d  P rogram m in g  U s i n g  

FORTRAN a r e  s e l e c t e d  f o r  t h e  i n v e s t i g a t i o n .

The t r a d i t i o n a l  i n s t r u c t i o n a l  mode <INE>) e m p l o y i n g  

i n d i v i d u a l  program m ing  and t h e  e x p e r i m e n t a l  i n s t r u c t i o n a l  

mode e m p l o y i n g  f i x e d  s t u d e n t  p r o g r a m m in g  g r o u p s  (FHB) a r e  

r a n d o m l y  a s s i g n e d  t o  t h e  t w o  w e e k d a y  s e c t i o n s ;  t h e  

e x p e r i m e n t a l  i n s t r u c t i o n a l  mode e m p l o y i n g  v a r i a n t  s t u d e n t  

p r o gr am m in g  g r o u p s  <RHS) i s  a s s i g n e d  t o  t h e  t h i r d  s e c t i o n  

t h a t  m e e t s  on  S a t u r d a y .

The c o m p a r a b i 1 i t y  o f  t h e  s t u d e n t s  i n  t h e  c l a s s e s  i s  

a s s e s s e d  on 18 i t e m s  d e a l i n g  w i t h  t h e  s e x ,  a g e ,  

e d u c a t i o n a l  b a c k g r o u n d ,  c o m p u t e r  b a c k g r o u n d ,  g e n e r a l
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a b i l i t y ,  p r o g r a m m in g  a b i l i t y ,  e d u c a t i o n a l  c o m m itm e n t  and  

w o r k i n g  c o m m i t m e n t .  The IND and t h e  FHG c l a s s e s  d i f f e r  

s i g n i f i c a n t l y  on t h e  number o f  c r e d i t s  b e i n g  t a k e n  d u r i n g  

t h e  s e m e s t e r .  T h i s  i n d i c a t e s  t h a t  t h e r e  a r e  m ore  

f u l l - t i m e  s t u d e n t s  i n  t h e  IND c l a s s  t h a n  t h e  FHG c l a s s .  

The IND and  t h e  RHG c l a s s e s  d i f f e r e d  s i g n i f i c a n t l y  on  

t h r e e  i t e m s  i n  t h e  a s s e s s m e n t :  number o f  c r e d i t s  b e i n g  

t a k e n  d u r i n g  t h e  s e m e s t e r ,  a g e  and w o r k l o a d .  The IND 

c l a s s  a p p e a r s  t o  h a v e  a s t r o n g  c om m itm e n t  t o  s c h o o l  

r e s p o n s i b i l i t i e s  and t h e  RHG c l a s s  a p p e a r s  t o  h a v e  a 

s t r o n g  c o m m itm e n t  t o  work r e s p o n s i b i l i t i e s  o u t s i d e  o f  

s c h o o l .  ( T h e s e  d i f f e r e n c e s  a r e  a n t i c i p a t e d  s i n c e  t h e  RHG 

c l a s s  m e e t s  on  t h e  w e e k e n d ;  and  s o  t h e  main  c o m p a r a t i v e  

s t u d y  i s  a s s i g n e d  t o  t h e  t w o  w e e k d a y  c l a s s e s . )  The FHG 

and t h e  RHG c l a s s e s  d i f f e r  s i g n i f c a n t l y  on  t h e  work  

c o m m i tm e n t  o n l y .

S t u d e n t s  i n  t h e  FHG and RHG c l a s s e s  a r e  p l a c e d  i n t o  

t h r e e  c l a s s i f i c a t i o n s  ( i . e . ,  g o o d ,  a v e r a g e ,  weak)  o f  

p r o g r a m m i n g  s k i l l  b a s e d  upon t h e  s c o r e  t h e y  e a r n  on  t h e  

P r e l i m i n a r y  Program m in g  P r o f i c i e n c y  T e s t  and t h e i r  

p r e v i o u s  p r o g r a m m in g  e x p e r i e n c e .  One s t u d e n t  f r o m  e a c h  

c l a s s i f i c a t i o n  i s  s e l e c t e d  f o r  e a c h  h e t e r o g e n e o u s  

p r o g r a m m i n g  g r o u p .  T h e s e  g r o u p s  r e m a i n  f i x e d  i n  t h e  FHG 

c l a s s  and c h a n g e  a f t e r  e v e r y  prog r a m m in g  a s s i g n m e n t  i n  

t h e  RHG c l a s s .  Some g r o u p s  r e d u c e  t o  t w o  members  o r  

c o m b i n e  t o  b e c o m e  four—member g r o u p s  when s t u d e n t s  a r e  

a b s e n t  o r  l e a v e  t h e  c o u r s e .
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The g r o u p  p r o g r a m m in g  p r o c e s s  -for t h e  FHB and RHG 

c l a s s e s  c o n s i s t s  o f  t h r e e  i n - c l a s s  s e s s i o n s  on  e a c h  

p r o g r a m m i n g  a s s i g n m e n t .  T h e  f i r s t  s e s s i o n  i s  f o r  t h e  

a n a l y s i s  o f  t h e  p r o b l e m  and  t h e  d e s i g n  o f  an a l g o r i t h m i c  

s o l u t i o n .  The s e c o n d  s e s s i o n  i s  f o r  c r i t i c a l  r e v i e w  o f  

t h e  f i r s t  r u n  o f  t h e  c o d e d  v e r s i o n  o f  t h e  s o l u t i o n  t h a t  

i s  w r i t t e n  b y  e a c h  g r o u p  mem ber .  The t h i r d  s e s s i o n  i s  a 

d i s c u s s i o n  and r e v i e w  o f  t h e  f i n a l  run o f  e a c h  m e m b e r ' s  

p r o g r a m  f o r  t h a t  a s s i g n m e n t .  The  t i m e  s p e n t  i n  g r o u p  

s e s s i o n s  i n  t h e  e x p e r i m e n t a l  c l a s s e s  i s  s p e n t  by  t h e  

c o n t r o l  c l a s s  i n  d e s i g n i n g ,  a n a l y z i n g  and d e s k - c h e c k i n g  

( s e e  F o o t n o t e  4 )  t h e  p r o g r a m m i n g  a s s i g n m e n t s  

i n d i  v i  d u a l  1y .

A l l  s t u d e n t s  i n  t h e  s t u d y  a r e  r e q u e s t e d  t o  hand i n  a  

summary s h e e t  w i t h  e a c h  p r o g r a m m i n g  a s s i g n m e n t  t h e y  

c o m p l e t e .  The summary i s  t o  i n c l u d e  t h e  t i m e  s p e n t  by  

t h e  s t u d e n t  i n  d e s i g n i n g ,  c o d i n g  and  d e b u g g i n g  t h e  

p r o g r a m ,  t h e  t i m e  s p e n t  on  t h e  t e r m i n a l ,  and t h e  number  

o f  r u n s  r e q u i r e d  by  t h e  p r o g r a m  t o  p r o d u c e  c o r r e c t  

o u t p u t . .  The e x p e r i m e n t  b e g i n s  w i t h  t h e  t h i r d  program m ing  

a s s i g n m e n t  and e n d s  w i t h  t h e  s i x t h  pr ogr am m in g  

a s s i  g n m e n t .

The  f i r s t  h y p o t h e s i s  i n  C o m p a r i s o n s  1,  2  and 3  

e x a m i n e s  s t u d e n t  p r o g r a m m i n g  p r o f i c i e n c y  a s  m e a s u r e d  by  

t h e  g r a d e s  r e c e i v e d  on t h e  p r o g r a m m i n g  a s s i g n m e n t s  and  

t h e  s c o r e s  e a r n e d  o n  t h e  m i d t e r m  and f i n a l  e x a m i n a t i o n s .

The  s e c o n d  h y p o t h e s i s  i n  C o m p a r i s o n s  1,  2  and 3
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e x a m i n e s  s t u d e n t  p r o gr am m in g  p e r s e v e r a n c e  a s  m e a s u r e d  by  

t h e  number o f  s t u d e n t s  c o m p l e t i n g  e a c h  a s s i g n m e n t  on  

t i m e ,  t h e  number  o f  s t u d e n t s  c o m p l e t i n g  e a c h  a s s i g n m e n t  

l a t e ,  and t h e  number o f  s t u d e n t s  n o t  c o m p l e t i n g  e a c h  

p r o g r a m m in g  a s s i g n m e n t .

The  t h i r d  h y p o t h e s i s  i n  C o m p a r i s o n s  1 ,  2  and 3  

e x a m i n e s  s t u d e n t  p r o g r a m m in g  e f f i c i e n c y  a s  m e a s u r e d  b y  

t h e  t i m e  s p e n t  by  t h e  s t u d e n t  i n  d e s i g n i n g ,  w r i t i n g  and  

d e b u g g i n g  t h e  p r o g r a m ,  t h e  t i m e  s p e n t  by  t h e  s t u d e n t  on  

t h e  t e r m i n a l  and t h e  number o f  r u n s  r e q u i r e d  t o  o b t a i n  a 

c o r r e c t  o u t p u t  f o r  e a c h  p r o g r a m m in g  a s s i g n m e n t .

The f o u r t h  h y p o t h e s i s  i n  C o m p a r i s o n s  1,  2  and 3  

e x a m i n e s  t h e  s t u d e n t  a t t i t u d e  t o w a r d  c o m p u t e r s  and  

p r o g r a m m in g  a s  m e a s u r e d  by an A t t i t u d e  Toward C o m p u t e r s  

and P r o g r a m m in g  S u r v e y  t a k e n  p r e t r e a t m e n t  and  

p o s t t r e a t m e n t .

To a i d  i n  t h e  a s s e s s m e n t  o f  t h e  d a t a  o b t a i n e d  i n  t h e  

h y p o t h e s e s  l i s t e d  a b o v e ,  s t u d e n t  r e a c t i o n s  t o  t h e  c o u r s e  

a r e  s o l i c i t a t e d  and a s e v e n t h  p r o g r a m m in g  a s s i g n m e n t ,  a 

t e a m  p r o j e c t ,  i s  r e q u i r e d  o f  a l l  s t u d e n t s .  In t h e  IND 

c l a s s ,  s t u d e n t s  a r e  p l a c e d  i n  h e t e r o g e n e o u s  t e a m s  b a s e d  

on t h e  g r a d e s  t h e y  h a v e  e a r n e d  i n  t h e  c o u r s e  a t  t h a t  

t i m e .  The t e a m s  i n  t h e  o t h e r  t w o  c l a s s e s  a r e  s e l e c t e d  a s  

u s u a l .
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R e s u l t s

The - f o l l o w i n g  r e s u l t s  a r e  p r e s e n t e d  i n  r e s p o n s e  t o  

t h e  -four q u e s t i o n s  p r o p o s e d  -for i n v e s t i g a t i o n  i n  t h e  

i n t r o d u c t o r y  c h a p t e r  o f  t h e  s t u d y .

1.  Do s t u d e n t s  who r e c e i v e  i n s t r u c t i o n  i n  t h e  f i x e d  

g r o u p  (FHG) o r  v a r i a n t  g r o u p  <RH6> o r  t r a d i t i o n a l  s e t t i n g  

<IND) a c h i e v e  a h i g h e r  l e v e l  o f  p r o gr am m in g  p r o f i c i e n c y ?

The s t u d e n t s  i n  t h e  FHG and RHG c l a s s e s  p e r f o r m  

b e t t e r  on t h e  pr ogr am m in g  a s s i g n m e n t s  t h a n  do  t h e  

s t u d e n t s  i n  t h e  IMD c l a s s .  H o w e v e r ,  t h e  d i f f e r e n c e s  on 

t h e  m id t e r m  and f i n a l  e x a m i n a t i o n s ,  on w h i c h  t h e  

e x p e r i m e n t a l  c l a s s e s  s c o r e  l o w e r  t h a n  o r  s i m i l a r l y  t o  t h e  

c o n t r o l  c l a s s ,  a r e  n o t  f o u n d  t o  b e  s i g n i f i c a n t .

A p l a u s i b l e  e x p l a n a t i o n  f o r  t h i s  d i s p a r i t y  may l i e  

i n  t h e  f a c t  t h a t  t h e  p r o gr am m in g  g r o u p  c a r r i e s  i t s  

w e a k e s t  member t h r o u g h  t h e  program m ing  a s s i g n m e n t s  i n  

o r d e r  t o  r a i s e  t h e  p r o f i c i e n c y  l e v e l  o f  t h e  g r o u p  a s  a 

w h o l e .  v S t u d e n t s  pr ogr am m ing  i n  g r o u p s  a r e  o p e r a t i n g  

u n d e r  t h e  p r e m i s e  t h a t  t h e i r  g r a d e s  r e f l e c t  t h e  a v e r a g e  

o f  t h e  g r o u p  g r a d e s . )  However  t h i s  s u p p o r t  f r o m  t h e  

g r o u p  d o e s  n o t  e x i s t  f o r  t h e  s t u d e n t  d u r i n g  t h e  m id te r m  

o r  f i n a l  e x a m i n a t i o n  w h i c h  i s  t a k e n  i n d i v i d u a l l y .

C o n s i d e r a t i o n  must  a l s o  b e  g i v e n  t o  t h e  s u p p o r t  

w h ic h  t h e  weak s t u d e n t  r e c e i v e s  -from t h e  g r o u p  t h a t  may 

c a u s e  h i m / h e r  t o  r e m a i n  i n  t h e  c o u r s e  f o r  a l o n g e r  p e r i o d  

o f  t i m e  t h a n  w o u ld  b e  t h e  c a s e  had t h i s  s t u d e n t  b e e n  i n  a
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c l a s s  t h a t  i s  n o t  e m p l o y i n g  g r o u p s .

H y p o t h e s e s  1 ,  5  and 9 s u g g e s t  t h a t  t h e  l e v e l  o f  

p r o g r a m m in g  p r o f i c i e n c y  i s  c o m p a r a b l e  f o r  s t u d e n t s  i n  t h e  

t h r e e  c l a s s e s  i n  t h e  s t u d y .

2 .  D o e s  t h e  i n d i v i d u a l  o p e r a t i n g  w i t h i n  t h e  f i x e d  

p r o g r a m m in g  g r o u p  o r  t h e  v a r i a n t  p r o g r a m m in g  g r o u p  or  

p r o g r a m m in g  a l o n e  e x h i b i t  g r e a t e r  pr ogr am m in g  

p e r s e v e r a n c e ?

The s t u d e n t s  i n  t h e  FHG and RHG c l a s s e s  c o m p l e t e  

m ore  p r o g r a m m i n g  a s s i g n m e n t s  on  t i m e  t h a n  do t h e  s t u d e n t s  

i n  t h e  IND c l a s s .  The  p r o g r a m m in g  p e r s e v e r a n c e  

m e a s u r e m e n t  i s  c o n s i d e r e d  an i m p o r t a n t  f a c t o r  i n  t h e  

e v a l u a t i o n  o f  a  c o u r s e  t h a t  h a s  a s  o n e  o f  i t s  p r i m a r y  

o b j e c t i v e s  t h e  p r o d u c t i o n  o f  computer— l i t e r a t e  s t u d e n t s .

I f  a s t u d e n t  i s  n o t  c o m p l e t i n g  t h e  a s s i g n m e n t s ,  t h a t  

s t u d e n t  i s  n o t  k e e p i n g  p a c e  w i t h  t h e  work i n  t h e  c o u r s e  

and i s ,  f o r  a l l  p r a c t i c a l  p u r p o s e s ,  n o t  c o n t i n u i n g  w i t h  

t h e  c o u r s e .

The  o b s e r v e d  t r e n d ,  i n  t h e  IND c l a s s ,  o f  f e w e r  

s t u d e n t s  c o m p l e t i n g  e a c h  p r o g r a m m in g  a s s i g n m e n t  a s  t h e  

c o u r s e  p r o g r e s s e s  i s  r e v e r s e d  f o r  t h e  s e v e n t h  program m ing  

a s s i g n m e n t ,  t h e  t e a m  p r o j e c t .  T h i s  may b e  c o n s i d e r e d  

f u r t h e r  e v i d e n c e  f o r  t h e  p r o g r a m m in g  p e r s e v e r a n c e  

p r o m o t e d  b y  p r o g r a m m i n g  w i t h i n  t h e  g r o u p  e n v i r o n m e n t  i n  

an i n t r o d u c t o r y  l e v e l  c o u r s e .

H y p o t h e s e s  2  and 6 d e t e r m i n e  t h e  c o m p l e t i o n  

d i f f e r e n c e s  b e t w e e n  t h e  e x p e r i m e n t a l  c l a s s e s  and t h e
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c o n t r o l  c l a s s  t o  b e  s i g n i f i c a n t  and  f i n d  t h e  s t u d e n t s  

p r o g r a m m i n g  w i t h i n  t h e  g r o u p  t o  e x h i b i t  g r e a t e r  

p r o g r a m m i n g  p e r s e v e r a n c e  t h a n  s t u d e n t s  p r o g r a m m i n g  a l o n e .

The s t u d e n t s  i n  e a c h  o f  t h e  e x p e r i m e n t a l  c l a s s e s  

c o m p l e t e  a  s i m i l a r  number o f  p r o g r a m m in g  a s s i g n m e n t s  and  

H y p o t h e s i s  10 s u g g e s t s  t h a t  t h e  p r o g r a m m i n g  p e r s e v e r a n c e  

o f  t h e s e  s t u d e n t s  i s  c o m p a r a b l e .

3 .  Do s t u d e n t s  who work w i t h i n  t h e  f i x e d  g r o u p  

s t r u c t u r e  o r  t h e  v a r i a n t  g r o u p  s t r u c t u r e  o r  a l o n e  make  

more  e f f i c i e n t  u s e  o f  t h e i r  t i m e  ( p e r t i n a n t  t o  t h e  

c o u r s e )  and c o m p u t e r  f a c i l i t i e s ?

S t u d e n t s  i n  t h e  FHG and RHG c l a s s e s  s p e n d  m ore  t i m e  

w r i t i n g  p r o g r a m s  and u s i n g  t e r m i n a l s  t h e n  do s t u d e n t s  i n  

t h e  IND c l a s s .  The number  o f  r u n s  r e q u i r e d  p e r  

a s s i g n m e n t ,  f o r  m o s t  s t u d e n t s  i n  t h e  e x p e r i m e n t a l  c l a s s e s  

i s  l e s s  t h a n  t h a t  r e q u i r e d  by  t h e  s t u d e n t s  i n  t h e  c o n t r o l  

c l  a s s .

The g r e a t e r  am ount  o f  t i m e  s p e n t  w r i t i n g  and  u s i n g  

t h e  t e r m i n a l s  b y  t h e  s t u d e n t s  i n  t h e  e x p e r i m e n t a l  c l a s s e s  

a p p e a r s  t o  b e  t h e  r e s u l t s  o f  a h i g h e r  p e r c e n t a g e  o f  t h e  

s t u d e n t s  i n  t h e  FHG and RHG c l a s s e s  r e p o r t i n g  t h i s  d a t a ,  

r a t h e r  t h a n  an y  i n c r e a s e  o r  d e c r e a s e  i n  p r o g r a m m i n g  

e f f i c i e n c y  g a i n e d  f ro m  t h e  g r o u p  p r o g r a m m i n g  e x p e r i e n c e .

The f e w e r  r u n s  p e r  p r o g r a m m in g  a s s i g n m e n t  t h a t  a r e  

r e q u i r e d  by  t h e  s t u d e n t s  i n  t h e  e x p e r i m e n t a l  c l a s s e s  may 

b e  c o n s i d e r e d  a r e s u l t  o f  h a v i n g  s t u d e n t s  r e v i e w  g r o u p  

members-’ p r o g r a m s  b e f o r e  t h e  p r o g r a m s  a r e  p r e s e n t e d  t o
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t h e  c o m p u t e r .

However H y p o t h e s e s  3 ,  7  and 11 a r e  u n a b l e  t o  

s u b s t a n i a t e  a n y  o f  t h e s e  d i f f e r e n c e s  a s  s i g n i f i c a n t  f o r  

a l l  t h e  pr ogr am m in g  a s s i g n m e n t s  and t h e  u s e  o f  s t u d e n t  

t i m e  and c o m p u t e r  f a c i l i t i e s  b y  t h e  s t u d e n t s  i n  t h e  t h r e e  

c l a s s e s  i s  c o n s i d e r e d  t o  b e  c o m p a r a b l e .

4 .  Do s t u d e n t s  who p r o g r a m  w i t h i n  t h e  f i x e d  g r o u p  or  

v a r i a n t  g r o u p  or  t r a d i t i o n a l  e n v i r o n m e n t  e x h i b i t  a m ore  

p o s i t i v e  a t t i t u d e  t o w a r d  c o m p u t e r s  and  c o m p u t e r  

programmi ng?

In t h e  p o s t t r e a t m e n t  s u r v e y ,  t h e  s t u d e n t s  i n  t h e  FHG 

and RHG c l a s s e s  d e m o n s t r a t e  s i g n i f i c a n t l y  m ore  p o s i t i v e  

a t t i t u d e s  t o w a r d  c o m p u t e r s  and c o m p u t e r  p r o g r a m m in g  t h a n  

d o  s t u d e n t s  i n  t h e  IND c l a s s .  The t o t a l  r e s p o n s e  

a v e r a g e s  o f  t h e  e x p e r i m e n t a l  c l a s s e s  a r e  s i m i l a r .

H y p o t h e s e s  4 and S d e t e r m i n e  t h a t  s t u d e n t s  

pr ogr am m in g  w i t h i n  t h e  g r o u p  e n v i r o n m e n t  e x h i b i t  a more  

p o s i t i v e  a t t i t u d e  t o w a r d  c o m p u t e r s  and c o m p u t e r  

pr ogr am m in g  t h a n  s t u d e n t s  who p r o g r a m  a l o n e .  H y p o t h e s i s  

12 s u g g e s t s  t h a t  t h e  a t t i t u d e s  o f  s t u d e n t s  p r o g r a m m in g  

w i t h i n  v a r i a n t  g r o u p  and f i x e d  g r o u p  e n v i r o n m e n t s  a r e  

c o m p a r a b l e .

In summary,  t h e  i n v e s t i g a t i o n  f i n d s  n o  s i g n i f i c a n t  

d i f f e r e n t i a l  e f f e c t s  a r e  p r o d u c e d  b y  a n y  o f  t h e  m e t h o d s  

on m e a s u r e s  o f  p r o gr am m in g  p r o f i c i e n c y  o r  p r o g r a m m in g  

e f f i c i e n c y .  H o w e v e r ,  i n  i n t r o d u c t o r y  c o u r s e s ,  i n  w h ic h  

c o m p u t e r  l i t e r a c y  i s  a  main c o u r s e  o b j e c t i v e ,  t h e  more
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p o s i t i v e  e f f e c t s  s u b s t a n t i a t e d  f o r  m e a s u r e s  o f  

p r o g r a m m in g  p e r s e v e r a n c e  and  s t u d e n t  a t t i t u d e  i n  t h e  

c l a s s e s  e m p l o y i n g  s t u d e n t  prog r a m m in g  g r o u p s ,  l e a d  t o  t h e  

c o n c l u s i o n  t h a t  t h e s e  i n s t r u c t i o n a l  m e t h o d s  a r e  w o r t h y  o f  

c o n s i d e r a t i o n  f o r  c o u r s e s  d e s i g n e d  f o r  s t u d e n t  

p o p u l a t i o n s  a s  d e s c r i b e d  i n  t h i s  s t u d y .

I t  m ust  b e  n o t e d ,  h o w e v e r ,  t h a t  t h e  r e s u l t s  o f  

C o m p a r i s o n s  1, 2  and 3 a r e  d e r i v e d  from  t h e  r e s p o n s e s  o f  

a l i m i t e d  r e p r e s e n t a t i o n  o f  t h e  s u b j e c t  p o p u l a t i o n  and t o  

a s u b j e c t i v e  s e t  o f  m e a s u r e s  o f  s t u d e n t  prog r a m m in g  

s k i l l s  and a t t i t u d e .  C o n s e q u e n t l y ,  a l t h o u g h  t h e  r e s u l t s  

a r e  p r o m i s i n g ,  t h e y  may h a r d l y  b e  c o n s i d e r e d  c o n c l u s i v e .

Recommendat i o n s

Eiased on t h e  d a t a  o b t a i n e d  u n d e r  t h e  c o n d i t i o n s  o f  

t h i s  s t u d y ,  t h e  f o l l o w i n g  s u g g e s t i o n s  f o r  f u r t h e r  

r e s e a r c h  a r e  made:

1. R e p l i c a t i o n  i s  o f  p r i m e  i m p o r t a n c e  s i n c e  any  

s i m i l a r  f i n d i n g s  w o u ld  p r o v i d e  f u r t h e r  s u p p o r t  f o r  t h e  

c o n c l u s i o n s  o f  t h i s  s t u d y .  The r e p l i c a t i o n  s t u d i e s  

s h o u l d  b e  c o n d u c t e d  u s i n g :

a .  S i m i l a r  e x p e r i m e n t a l  f o r m a t  w i t h  d i f f e r e n t  

s a m p l e s  o f  s t u d e n t s  f r o m  t h e  same p o p u l a t i o n ;

b .  S i m i l a r  e x p e r i m e n t a l  f o r m a t  w i t h  d i f f e r e n t  

s t u d e n t  p o p u l a t i o n s :  t r a d i t i o n a l  c o l l e g e  s t u d e n t s ,  

d o r m i t o r y  s t u d e n t s ,  g r a d u a t e  s t u d e n t s ,  c o m p u t e r  s c i e n c e
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m a j o r s ,  n o n - c o m p u t e r  s c i e n c e  m a j o r s ;

c .  S i m i l a r  e x p e r i m e n t a l  f o r m a t  w i t h  d i f f e r e n t  

p r o g r a m m in g  l a n u a g e s :  P L / I ,  BASIC, PASCAL; a n d ,

d .  S i m i l a r  e x p e r i m e n t a l  f o r m a t  w i t h  d i f f e r e n t  

m e t h o d s  o f  g r o u p  f o r m a t i o n  and d i f f e r e n t  g r o u p  s i z e :  

s e l f - s e l e c t i o n ,  2 -m em ber  g r o u p s ,  5-member  g r o u p s .

2 .  The d e v e l o p m e n t  o r  i d e n t i f i c a t i o n  o f  a c c u r a t e  

m e t h o d s  t o  m e a s u r e  s t u d e n t  pr ogr am m ing  p r o f i c i e n c y  w o u ld  

a i d  i n  t h e  e v a l u a t i o n  o f  d i f f e r e n c e s  r e s u l t i n g  when  

i n s t r u c t i o n a l  m e t h o d s  a r e  c o m p a r e d .  T h e s e  may i n c l u d e :

a .  R e q u i r e m e n t  o f  m ore  o r  f e w e r  w r i t t e n  

p r o g r a m m in g  a s s i g n m e n t s ;

b .  I m p l e m e n t a t i o n  o f  more i n d i v i d u a l l y  t a k e n  

e x a m i n a t i o n s ;

c .  I n t r o d u c t i o n  o f  o r a l  q u i z z e s  on e a c h  

p r o g r a m m in g  a s s i g n m e n t ;

d .  A s s i g n m e n t  o f  p r o g r a m s  t o  b e  m o d i f i e d  or  

d e b u g g e d ; a n d ,

e .  Em ploym ent  o f  m e a s u r e s  o f  p r o g r a m  

r e a d a b i l i t y  a s  a d e t e r m i n a n t  o f  p r o g r a m m in g  s k i l l .

3 .  A s e a r c h  f o r  u n o b t r u s i v e  and a c c u r a t e  m e a s u r e s  o f  

s t u d e n t ,  p r o g r a m m in g  e f f i c i e n c y  w o u ld  a i d  i n  t h e  

e v a l u a t i o n  o f  d i f f e r e n c e s  r e s u l t i n g  f ro m  a  c o m p a r i s o n  o f

i n s t r u c t i o n a l  m e t h o d s .  T h e s e  may i n c l u d e :

a .  E x a m i n a t i o n  and c a t a l o g u i n g  o f  s t u d e n t  

p r o g r a m m in g  e r r o r s ;  a n d ,

b .  D e t e r m i n a t i o n  o f  a b i l i t y  o f  t h e  g r o u p  a s
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c om p a r e d  t o  t h e  i n d i v i d u a l  t o  d e t e c t  d i f f e r e n t  t y p e s  o f  

e r r o r s .

4 .  G e n e r a l  r e s e a r c h  i n t o  a r e a s  not. c o n s i d e r e d  by  

t h i s  s t u d y  w o u l d  add t o  t h e  k n o w l e d g e  o f  t h e  e f f e c t s  o f  

s t u d e n t  p r o g r a m m i n g  g r o u p s .  T h i s  may i n c l u d e :

a .  A s t u d y  o f  g r o u p  d y n a m i c s  a s  i t  a f f e c t s  t h e  

g r o u p  p r o c e s s  i n  s t u d e n t  p r o g r a m m in g  g r o u p s  ( i . e . ,  

p e r s o n a l i t y  f a c t o r s  and g r o u p  member r o l e s ,  d i f f e r e n t  

p e r s o n a l i t y  c o m b i n a t i o n s  i n  s t u d e n t  p r o g r a m m i n g  g r o u p s ) ;

b .  The e m p l o y m e n t  o f  a  c l i n i c a l - t y p e  r e s e a r c h  

d e s i g n  i n  w h i c h  t h e  i n v e s t i g a t o r  b e c o m e s  a p r o g r a m m in g  

g r o u p  p a r t i c i p a n t  i n  o r d e r  t o  o b s e r v e  t h e  p o s i t i v e  and  

n e g a t i v e  f e a t u r e s  o f  s o c i a l  i n t e r a c t i o n  i n  g r o u p  p r o b l e m  

s o l v i n g ;

c .  The i n v e s t i g a t i o n  o f  d i f f e r e n t  i n s t r u c t i o n a l  

m e t h o d s  a s  t h e y  r e l a t e  t o  d i f f e r e n t  c o g n i t i v e  l e a r n i n g  

s t y l e s ;  a n d ,

d .  The i d e n t i f i c a t i o n  o f  s t u d e n t s  who p r e f e r  t o  

work a l o n e  and t h e  i n v e s t i g a t i o n  o f  t h e  d e t r i m e n t a l  

e f f e c t s  c a u s e d  by  t h o s e  s t u d e n t s  on t h e  f u n c t i o n i n g  o f  a  

p r o g r a m m in g  g r o u p  i n  a  c l a s s  e m p l o y i n g  t h e  c h a n g i n g  g roup  

s t r u c t u r e .

I t  i s  h o p e d  t h a t  t h e  o b s e r v e d  b e n e f i t s  o b t a i n e d  i n  

t h e  e x p e r i m e n t a l  c l a s s e s  e m p l o y i n g  s t u d e n t  p r o g r a m m in g  

g r o u p s  w i l l  g i v e  e n c o u r a g e m e n t  t o  f u t u r e  t e a c h i n g  

e x p e r i m e n t s  c o n d u c t e d  i n  i n t r o d u c t o r y  l e v e l  c o m p u t e r  

p r o g r a m m in g  c l a s s r o o m s .  S t u d i e s  o f  p e d a g o g i c a l  m e t h o d s
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w h ic h  m a x i m i z e  p o s i t i v e  s t u d e n t  a t t i t u d e  and  p e r s e v e r a n c e  

s h o u l d  b e  a s  s e r i o u s  a m a t t e r  o f  c o n c e r n  t o  t h e  

i n v e s t i g a t o r  a s  t h o s e  m e t h o d s  t h a t  m a x i m i z e  c o n v e y a n c e  o f  

k n o w l e d g e .  T h i s ,  t o g e t h e r  w i t h  t h e  c o n t i n u e d  

p u b l i c a t i o n  o f  s u c h  r e s e a r c h ,  o f f e r s  p r o m i s e  o f  f i n d i n g  

t h e  b e s t  p e d a g o g i c a l  m ethod  f o r  p r o d u c i n g  c o m p u t e r  

l i t e r a t e  s t u d e n t s .
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D a t a m a t i o n ,  1 9 8 0 ,  2 6 ( 1 ) ,  1 3 8 —1 4 1 .
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S i n g h a n i a ,  R. P. I s s u e s  i n  t e a c h i n g  t h e  i n t r o d u c t o r y  
c o u r s e  i n  c o m p u t e r s  i n  b u s i n e s s  c u r r i c u l e m .  AED5 
J o u r n a l , F a l l  1 9 8 0 ,  4 5 - 5 1 .

S j o e r d s m a ,  T„ An i n t e r a c t i v e  p s e u d o - a s s e m b l e r  -for
i n t r o d u c t o r y  c o m p u t e r  s c i e n c e .  SIGCSE B u l l e t i n . 1 9 7 6 ,  
8 ( 1 ) ,  3 4 2 - 3 4 9 .

S l a v i n ,  R. E f f e c t s  o f  s t u d e n t  t e a m s  and p e e r  t u t o r i n g  
on a c a d e m i c  a c h i e v e m e n t  and t i m e - o n - t a s T i  ( R e p o r t  
No. 2 5 3 ,  C e n t e r  f o r  S o c i a l  O r g a n i z a t i o n ) .  B a l t i m o r e ,  
M a r y la n d :  The John  H o p k i n s  U n i v e r s i t y ,  1 9 7 8 .

S p e n c e ,  J .  W. , G r o i n ,  J .  C. S y s t e m s  a n a l y s i s  and  
d e s i g n — a c o m p u t e r  s c i e n c e  c u r r i c u l u m .  SIGCSE 
B u l l e t i n , 1 9 7 8 ,  1 0 ( 4 ) ,  2 4 - 2 7 .

S t a n f o r d ,  G. , ?< R o a r k ,  A, E.  Human i n t e r a c t i o n  i n  
e d u c a t i o n . B o s t o n :  A l l y n  and B a c o n ,  1 9 7 4 .

S t r a n g ,  R. Group a c t i v i t i e s  i n  c o l l e g e  and s e c o n d a r y  
s c h o o l .  New York: H a r p e r  and B r o t h e r s ,  1 9 4 1 .

Tam, W. C . , & B u s e n b e r g ,  S .  N. P r a c t i c a l  e x p e r i e n c e  i n  
t o p - d o w n  s t r u c t u r e d  s o f t w a r e  p r o d u c t i o n  i n  an a c a d e m i c  
s e t t i n g .  SIGCSE B u l l e t i n , 1 9 7 7 ,  9 . ( 1 ) ,  3 2 - 3 6 .

T e a g u e ,  B. B. Computer  prog r a m m in g  I I ,  a
p r o j e c t - o r i e n t e d  c o u r s e .  SIGCSE B u l l e t i n . 1 9 8 1 ,
1 3 . ( 1 ) ,  4 1 - 4 5 .

T h i a b u t ,  J .  W., & K e l l e y ,  H. H. The s o c i a l  p s y c h o l o g y  
o f  g r o u p s . New York: Wi l e y  and S o n s ,  1 9 5 9 .

Thomas ,  J .  C. , C a r r o l l ,  J .  M. The p s y c h o l o g i c a l  s t u d y  
o f  d e s i g n  ( R e s e a r c h  R e p o r t  No.  RC 7 6 9 5 ,  # 3 3 2 2 0 ) .  
Yorktow n  H e i g h t s ,  New York: IBM R e s e a r c h  D i v i s i o n ,
J u n e  1,  1979^

T s a i ,  S .  W. , S'. P o h l ,  N. F.  S t u d e n t  a c h i e v e m e n t  i n  
c o m p u t e r  p r ogr am m in g:  L e c t u r e  v s .  c o m p u t e r - a i d e d
i n s t r u c t i o n .  J o u r n a l  o f  E x p e r i m e n t a l  E d u c a t i o n , 1 9 7 7 ,  
4 6 ( 2 ) ,  6 6 - 7 0 .

U n g e r .  E. A . ,  S< Ahmed,  N. An i n s t r u c t i o n a l  l y  a c c e p t a b l e  
c o s t  e f f e c t i v e  a p p r o a c h  t o  a g e n e r a l  i n t r o d u c t o r y  
c o u r s e .  SIGCSE B u l l e t i n ,  1 9 7 6 ,  2 . ( 2 ) ,  2 8 - 3 1 .
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W a i n w r i g h t ,  R. A s u r v e y  o f  f a c u l t y  c o m p u t e r  e x p e r i e n c e ,  
u s a g e ,  n e e d s ,  l i t e r a c y  and a t t i t u d e ,  SIGC-SE B u l l e t i n , 
1 9 7 9 ,  J J J 2 ) ,  2 7 - 3 5 .

W eaver ,  A. C. M i c r o c o m p u t e r s  i n  t h e  c o m p u t e r  s c i e n c e  
c u r r i c u l u m .  SIGCSE B u l l e t i n , 1 9 7 8 .  1C£<1>, 1 7 1 - 1 7 6 .

W e i n b e r g ,  C. P r i c e  o f  c o m p e t i t i o n .  T e a c h e r s  C o l l e g e  
R e c o r d ,  1 9 6 6 ,  6 7 .  1 0 6 - 1 1 4 .

W e i n b e r g ,  G. M. The p s y c h o l o g y  o f  c o m p u t e r  p r o g r a m m i n g . 
New York: Van N o s t r a n d  R e i n h o l d ,  1 9 7 1 .

W i l l i a m s ,  K. An e x p e r i m e n t a l  c o u r s e  i n  a d v a n c e d
p r o g r a m m in g  m e t h o d s .  SIGCSE B u l l e t i n ,  1 9 7 6 ,  £ ( 4 ) ,  
1 5 - i s .

Z a j o n c ,  R. B. S o c i a l  f a c i l i t a t i o n .  S c i  e n c e .  1 9 6 2 ,
1 4 9 . 2 6 9 - 2 7 4 .

Z im b a r d o ,  P . ,  8< E b b e s e n ,  B. I n f l u e n c i n g  a t t i t u d e s  and  
c h a n g i n g  b e h a v i o r . R e a d i n g ,  M a s s . :  A d d i s o n - W e s l e y ,
1 9 7 0 .

Z n a n i e c k i ,  F .  S o c i a l  g r o u p s  a s  p r o d u c t s  o f  p a r t i c i p a t i n g  
i n d i v i d u a l s .  A m e r ic a n  J o u r n a l  o f  S o c i o l o g y , 1 9 3 9 ,  £ 2 ,  
7 9 9 - 8 1 1 .
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R e f e r e n c e  N o t e s

1 .  U n i v e r s i t y  o f  N e b r a s k a  Com puter  N e t w o r k  N e w s l e t t e r . 
L i n c o l n ,  N e b r a s k a ,  March,  1 9 7 9 .

2 .  G o l d b e r g ,  D. W r i t i n g  p r o o f s  c o o p e r a t i v e l v  i n  s m a l l  
g r o u p s ;  An e x p l o r a t o r y  s t u d y . P a p e r  p r e s e n t e d  a t  t h e  
NCTM m e e t i n g ,  C h e r r y  H i l l ,  New J e r s e y ,  S p r i n g  1 9 8 0 .

3 .  D e V r i e s ,  D . , & Edward ,  K. E x p e c t a n c y  t h e o r y  and  
c o o p e r a t i o n — c o m p e t i t i o n  i n  t h e  c l a s s r o o m .  P a p e r  
p r e s e n t e d  a t  t h e  a n n u a l  c o n v e n t i o n  o f  t h e  A m e r ic a n  
P s y c h o l o g i c a l  A s s o c i a t i o n ,  New O r l e a n s ,  1 9 7 4 .

4 .  S h a r a n ,  S . ,  S< L a z a r o w i t z ,  R. E f f e c t s  o f  an  
u n s t r u c t u r e d  c h a n g e  p r o g r a m  on t e a c h e r s 1' b e h a v i o r . 
a t t i t u d e s  and p e r c e p t i o n s .  M a n u s c r i p t  s u b m i t t e d  f o r  
p u b l i c a t i o n ,  1 9 8 0 .

5 .  B o r n ,  D. 6 . I n s t r u c t o r s  m anual  f o r  d e v e l o p m e n t  
o f  a  p e r s o n a l i z e d  i n s t r u c t i o n  c o u r s e . S a l t  L ak e  
C i t y ;  U n i v e r s i t y  o f  U t a h ,  1 9 7 0 .

6 . W e i n b e r g ,  G. M. M a i n t a i n i n g  s u c c e s s  t h r o u g h  f o r m a l  
t e c h n i c a l  r e v i e w s . E t h n o t e c h  I n c . ,  P . O .  Box 6 6 2 7 ,  
4 3 3 3  S o .  4 8 t h ,  L i n c o l n ,  N e b r a s k a  6 8 5 0 6 .

7 .  H a z e n ,  M. E v a l u a t i o n  o f  an e x p e r i m e n t  i n  
i n t r o d u c t o r y  prog r a m m in g  i n s t r u c t i o n . L i n c o l n ;  
D e p a r t m e n t  o f  Com puter  S c i e n c e ,  U n i v e r s i t y  o f  
N e b r a s k a ,  May 1 9 7 9 .

8 . S u i n n ,  R. M. M a t h e m a t i c a l  A n x i e t y  R a t i n g  S u r v e y ,
F o r t  C o l l i n s ,  C o l o r a d o ;  RHBSI, I n c . ,  P .O .  Box 1 0 6 6 ,  
1 9 7 2 .

9 .  M i n n e s o t a  Com puter  L i t e r a c y  and Aw a r e n e s s  
A s s e s s m e n t . M i n n e s o t a  E d u c a t i o n a l  C o m p u t in g  
C o n s o r t i u m ,  1 9 7 9 .

1 0 .  E<ulIock,  D. E. S u r v e y  o f  e n t e r i n g  s t u d e n t s  
a t  M ercy  C o l l e g e ,  O f f i c e  For  P l a n n i n g  and  
I n s t i t u t i o n a l  R e s e a r c h ,  Mercy C o l l e g e ,  D ob bs  
F e r r y ,  New Y o r k ,  A p r i l  1 9 8 1 .
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A p p e n d i x  A: S u r v e y  o-f E n t e r i  ng  
(Bui  1o c  k .

S t u d e n t s -  
N o t e  10)

- F a l l  1981

TABLE 24

Age Distribution of Respondents (%) 
Fall 1981

Ace Cohort Men Women Total

18 years 12.7% 10.1% 11.2%
18 - 22 years 57.5 54.9 55.8
23 - 25 years 10.9 8.1 9.4
26 - 30 years 9.1 8.9 9.2
31 - 40 years 8.1 10.8 9.7
41 - 50 years 1.5 6.0 3.9
51 - 60 years 0.3 0.8 0.6
61 and over 0.0 0.4 0.2

TOTAL 100.0 100.0 100.0%

A review of the data indicates that more than two out of five respondents 
are non-white. This fact holds across all variables including gender, age and 
enrollment status. The following table shows the racial/ethnic background of 
the respondents.

TABLE 25

Racial/Ethnic Background 
Fall 1S81

Classification

American Indian
Asian/Pacific Islander
Black
Hispanic
White
Other

Percentage

0 . 8
1.0

1 7 .6
2 3 .0
53.8
3.9

Fifty-three people indicated that they have some form of permanent 
handicap. Approximately forty percent (39.6) of these students _listed 
"restricted vision" as their impairment. Seventy-two percent of this group 
are enrolled on a full-time basis.

The respondents identified various teaching sites as their "home campus" 
in the following pruportions:

Dobbs Ferry 57.9%
Yorktown Heights 4.6%
White Plains 2.2%
Bronx 17.3%
Yonkers 15.7%
Peekskill 2.3%
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TABLE 2.6

E nte r ing  Class Most Important  Goals

Goals Primarv Secondary T e r t i a r y Total Weicrt'ec

Obtain c e r t i f i c a t e / d e g r e e 44.6 21.9 5.2 71.7 1
Inc re a se  academic knowledge 29.1 19.0 5.5 53.6 2
Improve t e c h n ic a l  s k i l l s 4 .0 14.2 11.3 29.5 3
Complete courses f o r  t r a n s f e r 2 .4 3 .8 16.4 22.6 4
Enrich d a i ly  l i f e 3.6 5.6 12.2 21.4 5
A b i l i t y  to  be independent 3.2 5 .5 11.6 20.3 6
Formulate long- te rm  c a r e e r  plans 3.1 7.5 6.5 17.1 7
Discover c a r e e r  i n t e r e s t 4 .0 4 .8 3 .6 12.4 8
P repare  f o r  new c a r e e r 2.0 6 .3 3 .7 12.0 9
I n c re a se  s e l f - c o n f id e n c e 1 .8 2 .7 3.6 8.1 10

More d e t a i l e d  a n a ly s i s  o f  the  respondents  by var ious  demograpnie c h a r a c t e r 
i s t i c s  i s  a v a i l a b l e  in  the  Planning and I n s t i t u t i o n a l  Research O ff ice .  Next we 
examine those  f a c t o r s  in f lu e n c in g  s tu d e n t  d e c is io n s  to a t t e n d  Mercy College.

Decision to  Attend Mercv College

The t h r e e  most mentioned reasons f o r  a t te n d in g  Mercy .College by th e  respon
d en ts  were: t l )  "Course 0 f f e r 1 n g s " - l6 .5  p e rc e n t  (2) "Closeness to  Korae*,- 1 6 . 5 
p e rc e n t  and (3) "Academic R e p u ta t1 o n ' ' - n .8  p e r c e n t .  O ther  reasons mentioned by 
a t  l e a s t  f iv e  p e rc e n t  o f  th e  s tu d e n ts  Include "a former s tude n ts  adv ice ,"
“th e  a v a i l a b i l i t y  o f  f i n a n c i a l - r i d , "  " c o s t , "  " te a c h e r / f r i e n d s -  adv ice ,"  and 
"counse lo rs  a d v ic e . "  This "advice f a c to r "  appears to  be an advantage and 
co in c id es  with  f in d in g s  o f  e a r l i e r  s tu d i e s  by the  College which suggest  t h a t  
once an in d iv id u a l  p a r t i c i p a t e s  in  the  Mercy ex p e r ie n c e ,  they leave s a t i s f i e d .

An examination o f  the  fo l low ing  t a b l e  sheds l i g h t  on how respondents  lea rned  
about th e  College.

TABLE --27 

How Respondents Learned About College

Source Pe-eentace ~

R e la t iv e s / f r i e n d s  32.3
M ateria l  rece iv eo  in mail IB .9
College c a ta lo g  15.9
People a t  my high school 13.9
R e p resen ta t iv e  o f  the c o l l e g e  7.2
Inform ation  d is p la y  A.3
M aterial  in  newspaper/magatine 2.9
Placement s e rv ic e  2 .9
Other sources  3.6
Radio/TV adver t isem ent  3 - 4
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TABLE 18 '

Respondents Choice o f  Major by HEGIS Taxonomy

Program Percentage

Business A dm in is t ra t ion  34.3
Undecided 15.8
Comcuter In form ation  Sciences 12.5
P u b l ic  A f fa i r s  & S o d a !  Serv ices  ( inc ludes  CRJ, PSA, SOW) 7.8
Psychology 7 .3
Soc ia l  Sciences ( in c lu d es  HIS, POL, BSC, SOC) 5 .2
Heal th  P ro fe s s io n s  ( inc ludes  Nursing and Medical Tech) 5 .2
L e t t e r s  ( in c lu d e s  English and Speech) 4 .3
B io lo g ic a l  Science  3 .6
Fine/Applied  A rts  1.5
Foreign  Languages 1.5
Mathematics 0 .7
Communications 0 .1

Males leaned  towards programs in b u s in e s s ,  computer s c i e n c e ,  p u b l ic  a f f a i r s  
and so c ia l  s c i e n c e s .  Women chose courses o f  study 1n a l l  f i e l d s ,  concen t ra t in g  
in  b u s in e ss ,  computer  s c ie n c e ,  h e a l th  p r o fe s s io n s  and psychology. The number 
o f  undecided s tu d e n ts  d iv ides  e q u a l ly  by gender .

Most in d iv id u a l s  responding to  the  survey e n ro l le d  on a f u l l - t i m e  b a s i s .  
Larger  numbers o f  "Social  Science" majors ( e g .  BSC, HIS, POL,-SOC) were e n ro l le d  
on a p a r t - t im e  b a s i s  than any o f  the o th e r  programs. This may be a func t ion  o f  
program design and scheduling .

Several q ues t ions  r e l a t e d  to  time and -length o f  I n s t r u c t i o n  were co n s t ru c ted  
f o r  c o n s id e ra t io n .  In response to  a ques t io n  about c la s s  meetings f o r  th e  day 
s e s s io n ,  s tu d e n ts  favored (53.53) a six teen-week course t h a t  meets twice a week 
f o r  1% hours.  Nearly on e - fo u r th  p re fe r r e d  a s ix te e n  week term meeting once per  
week f o r  th r e e  hours.  About o n e - f i f t h  p r e f e r r e d  the  schedule  resembling the  
p re s e n t  e ight-week term arrangement.

The same qu es t io n  asked about courses s t a r t i n g  a f t e r  5:00 P.M. y ie ld e d  
s l i g h t l y  d i f f e r e n t ,  r e s u l t s  in terms of  pe rcen tages .  G rea te r  numbers p r e fe r r e d  
th e  once p e r  week format and th e  eight-week type courses .  S t i l l  more than f o r ty  
p e rcen t  ( 4 1 .9 ! )  p r e f e r r e d  the twice a week, s ix te e n  week semester .  This could 
be d iscounted by the Cobbs Fer ry  exper ience .

In response t o  the q u e s t io n ,  "What type o f  i n s t r u c t i o n  do you p r e f e r  the 
most?" s tu d e n ts  chose l e c tu r e  by i n s t r u c t o r  (4 1 .2 5 ) ,  sm all -g rous  d isc u ss io n  
(38.75) and se l f -p a c e d  in s t r u c t i o n  (18 .95).  In l a t e r  s tu d ie s  t h i s  Question wil l  
be examined with re sp e c t  to age as d i sc u ss io n  regarding how a d u l t s  lea rn  
co n t inues .
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A p p e n d i >: E<! S t u d e n t  I n f o r m a t i o n  S h e e t

COURSE 
NAME _
ADDRESS__________________________________________
PHONE____________________________________________
SS § _____________________________
AGE_____
NUMBER OF COLLEGE CREDITS COMPLETED___________________
NUMBER OF COLLEGE CREDITS TAKING THIS SEMESTER _______
COMPUTER COURSES TAKEN , WHERE TAKEN AND GRADES 
1.
2 .
3.
4.
5.
DO YOU WORK?______ IF YES, BUSINESS PHONE ____________ HtTJRSA'EEK
CAREER GOAL_______________________________________________________

PLEASE USE INK AND PRINT NEATLY 
______ SPRING 1982

Moncay
SCHEDULE THIS SEMESTER FOR COURSES ÂND WORK-Block in hoars 

? uescay j n e cr.e saa y  , Thursday . Fncay |3 at array

"Name PHONE
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PLEASE NOTE:

Copyrighted materials in this document 
have not been filmed at the request of 
the author. They are available for 
consultation, however, in the author’s 
university library.

These consist of pages:

P. 190-195 College Placement Tes t  in Ari thmetic  S k i l l s

P. 196-200 College Placement Test  in Algebra S k i l l s

P. 201-206 College Placement Test  in Usage':

University
M ic r o f i lm s

International
300 N Zeeb Rd., Ann Arbor, Ml 48106 (313) 761-4700
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A p p e n d i x  F: The P r e l i m i n a r y  P r o g r a m m in g  P r o f i c i e n c y  T e s t
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Mat/Cis 134 Spring 1982 Pre-Test in BASIC
Name
This test in NO way influences your final grade. This test helps to 
determine the"Tevel and pace of the present programming course. This 
test refers to the BASIC language as taught at Mercy College on APPLE II.

-Here is a quick review (or an introduction) to some rules 
governing the syntax (grammar) of BASIC.

a)Each line of instruction is numbered and during program execution the 
line numbers are followed sequentially from lowest to highest.

b)Variable names are single or double letters or single letter followed by 
a digit (0-9).

c)Reserved words used for instruction statements are:
(1) 10 REM * ()i:. IJNBH$)tjS# REM is a remark statement and any characters

may follow it.
(2)33 LET A»B-C LET is an assignment statement.lt perf.orms the

calculation on the right-hand side of the equal 
sign and stores the answer under the variable 
name on the left-hand side of the equal sign. 
Symbols 1addit ion(+),subtraction(-).d ivis ion(/), 
multiplication̂ ),exponentiation̂  ).

(3)50 GO TO 998 GO TO is an unconditional transfer of the
program from line number 50 to line number 998.

(4)88 IP A>B*C-34 THEN 100 IF...THEN is a conditional transfer of the
program from line number 88 to line number 100
if the relation following IF is true. There 
are 6 possible relations that can be tested,

, <*■, <> (not equal).
(5) 25 INPUT E5.EP.X INPUT takes in values from the keyboard for

the variable names that appear in a list
(6 ) 56 PRINT X.PP.D4 PRINT or ? types out the values from streage

56 ? X.PP.D4 for the variables names in the list and any
30 ? "HELLO",X,Y messages between quotes.

^ Treat each line as an individual line of BASIC code and determine if
it is valid line of code or if it is an invalid line of code

F5T—ESbH Write VALID or INVALID
(1) 20 LET C =5F+- H/P______________________________(1 )__________
(2) 30 ACCEPT X1.X2 ,X3____________________________(2)__________
(3) 100 REM ‘"THIS IS INCORRECT* (3)__________
(4) 71 PRIMT THE ANSWER IS ",X (4)__________
(5) 80 LET A*B=3+DA3 (5 )__________
(6 ) 90 INPUT 5.7.99 (6 )__________
(7) 40 GO TO END (7 )__________
(8 ) 100 IF A<>B THEN 89 (8 )__________
(9) 90 LET B6=(X25+B2)*3 (9 )

(10) 88 PRINT XYZ (10)__________
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^  D ire c tio n si Use the follow ing diagram to  answer the qu es tio n s  below. 

[START HERsl
' 3[BkAD k .ii ' .t FOR THIS QUEST ION!

Its A+ R<. C?l YSS-aJ CALCULATE D, USING 
 ------1 “  D*2( A+B)»C

NO
CALCULATE D, USING 
D*A + B-*-C

I IS  D > ' 2 5 ^  ■ -Y ES ■------ ^CALCULATE E .  USING
1--------IT—< E= D-CJCALCULATE E. USING 
E*D4C

IS A .N O .
I
YES

-ajLET K =  1 ]

I IS Ns5?T-N0-
y b

T A T f i U L A T r !  A  NEW VA j.U K  m  
A . BY ADDING 2  TO A

iA i.il!L a t£  a MM VALUE "FbKJ
» .  BY A D DTwr. i  t o  n  1

"CALCULATE P, USING 
F= A4-E__________

1 STOPjf
(l)If A = 2, B»3. C= 6 , what is the final value of

D E F

(2) If A»̂ , B»3. C»i. what is the final value of

(3)If A»12, b»2, c »5, what is the final value of

(4 ) Let A»5> and C =10. The U!J.ue of B is unknown, but it is greater 
than 5- If the value of F is 25, what must .value of B have been?
Choose one answer (a) 10

{b) 20
(c) 16(d) 7
(e) none of these or impossible to determine.
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Part IIIt Below are the flowchart and the BASIC code for a program that
processes the testscores of 100 students and determines whether 
they passed ( V— 6 5 ) or failed the test.
you are to make changes in the flowchart or in the BASIC code 
so that the program will perform the modifications requested.Do 
one modification per diagram.

(A)iuodify the program to print out 
a table of 3 columns with proper 
heaaings of NAME, SCORE,and GRADE

No

K«  K+-1

100 LET K-0
200 PRINT "TVPE IN STUDENT'S NAME" 
300 INPUT N$
400 PRINT " TYPE IN STUDENT'S SCORE"
500 INPUT S
6 0 0 IF S 65 THEN 900
700 PRINT"PASS"
600 GO TO 1000 
900 PRINT "FAIL"

1000 LET K-K+l
1100 IF K 100 THEN 200-
'■200 END

(B) Modify the program to find and 
print the average of all the 
scores.

No

M « K + 1

J.00 LET K-0
200 PRINT "TYPE IN STUDENT1'S NAME"
300 INPUT N$
400 PRINT "TYPE IN STUDENT' S SCORE
500 INPUT S
600 IF S 65 THEN 900
700 PRINT "PASS"
800 GOTO 1000
900 PRINT "FAIL"

1000 LET K-K+l
1100 IF K 100 THEN 200
1200 END
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(C)'*odify the proeram to fine’ and print 
the no. of students that passed anc the 
no. of students that failed the test.

No

* «

100 LET K-o
200 PRINT "TYPE IN STUDENT'S NAME" 
TOO INPUT NS
400 PRINT " TYPE IN STUDENT'S SCORE"
500 INPUT S
600 IF S 65 THEN 900
700 PRINT"PASS"
800 GO TO 1000 
900 PRINT "FAIL"

1000 LET K-K+l
1100 IF K 100 THEN 200
1200 END

(T) .modify the program to find the 
student with the highest score and 
print his/her name.

SEED
1 I

NO

100 LET K-0
200 PRINT "TYPE IN STUDENT'S NAME" 
300 INPUT N$
400 PRINT "TYPE IN STUDENT'S SCORE"
500 INPUT S
600 IF S 65 THEN 900
700 PRINT "PASS"
800 GOTO 1000 
900 PRINT "FAIL"

1000 LET K-K+l
1100 IF K 100 THEN 200
1200 END

» - - - -  -

(E) Describe, in words, how you would change this program if you didn't 
know in advance how many students there were to be processed.
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A p p e n d i x  6 : BASIC P r o g r a m  t o  Form T h r e e -m e m b e r
H e t e r o g e n e o u s  G rou ps

. 1 0  P R IN T  "GROUP S E L EC TIO N "
2 0  P R IN T  "TYPE IN  NAMES, GOING A 

CROSS THE ROW"
3 0  FOR K »  1 TO 6
4 0  INPUT G A S < K ) ,G B S < K ) ,G C S < K >
5 0  NEXT K 
6 0  FOR J  ** 3  TO 7  
7 0  P R IN T  "GROUPS FOR ASSIGNMENT" 

j J s  P R IN T  I P R IN T  
' BO FOR J J  ■  1 TO 6 
.  9 0  D A S ( J J )  =  G A S ( J J )

100 D B S < J J )  -  G B S ( J J )
110 DCS ( J J )  «= GCS ( J J )
120 NEXT J J
1 3 0 FOR G =  1 TO 6
1 4 0 X =  IN T  <6 * RND <1>> + 1
1 5 0 I F  DAS ( X> «= 1"EMPTY " THEN 1 4 0

1 6 0 Y =  INT <6 * RND <1>) + 1
1 7 0 I F  D B S ( Y) *  '"EMPTY " THEN 1 6 0

1 8 0 Z «  INT (6 * RND (1>> + 1
1 9 0 I F  DCS (Z )  = '"EMPTY " THEN ISO
2 0 0  P R IN T  "G R O U P"5G
2 1 0  P R IN T  D A S ( X ) ,D B S < Y > ,D C S < Z > s  PRINT

2 2 0  DAS<X> ■= "EMPTY"
2 3 0  D B S (Y )  = "EMPTY"
2 4 0  D C S (Z )  = "EMPTY"
2 5 0  NEXT G 
2 6 0  NEXT J  
2 7 0  END
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A p p e n d ix  H: The C o u r s e  O u t l i n e

CIS/MAT 131' STRUCTURED PROGRAMING USING FORTRAN
Individual Programming 
Course Outline

E. Grossman 
Spring 1982

Ob.iecti.ve; It is assumed that students enrolled in this course 
have already been introduced to computers and programming.
Structured Programming Using FORTRAN is intended to substanially 
develop the student's ability to employ good programming techniques 
such as structured constructs, top-down design and extensive 
documentation. The students will be taught to solve problems by 
forming algorithms using structured pseudocode and to translate 
them into the high-level programming language FORTRAN.

Text: Problem Solving and Structured Programming in FORTRAN;
Friedman and Koffman; Addison Wesley. Second Edition

Grading.- See attached page

Attendance; Attendance will be kept. It is the student's respnsibility 
to keep up with the work. We meet only once or twice a 
week. Get the phone numbers of several students NOW.’

Office Hours: Dobbs Ferry- Hon.A Wed 12-1, Thurs.10-10;30
PSB- PhoneT693-i*500 EXT.298 

Yorktown- Thurs. ll;30-12;OO A 3:00-3t̂ 0 
Sat. 12-12:30
Faculty office.__Phone (914 j 24j-6100

..IATEEIAL CiViAiiJ/H£AiIWG2 assign.
rROGRA.i

AScIGN. FRbuR s . Aj z  

DUE IN CLASS
1 Login/Logout procedure.FORTRAN 

statement spacing, editing, review 
of computer systems, visit to

41

£. Statement types- TYPE .ACCEPT .FOR.'tAT 
C.REAL.INTEGER, variable modes, 
conditional transfers, IF fp}.,.,
C h e .o - r s .  1 . 2

42 vl completed j
i

3 Structured program concepts ,flow- • 
charts, algorithm development, 
sseudoeode. Pbspt. t

it------- Library functions, arithmetic ex-
cress ior.s O h a o t .  h

v3
Indexed DO loops 
Nested Do loocs. C h a r t .  -

v2 completed
r Cne-rimensionai arrays *4
7 Arrays and implied DO

Chapt. 5 ,?3 completed
c Problem Session 

Chapts. 1-5

9 Logical and character data.
Case structure
Chapters 6,9 j 

..  . ----------------------

.•ft completed
I
I
{
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MATERIAL COVERED/READINGS ASSIGN.
PROGRAM

ASSIGN. FROG. STA 
DUE IN CLASS

12 Formatting, Multidimensional 
arravs. Chants. 8.10

#6
11 ■ ■Subcrogramming- FUNCTION, 

SUBROUTINE, COMMON 
Chaot. 7

45 completed

£4 Problem session on SUBROUTINE 
and FUNCTION. Chant.7 41 ♦ 6 completed

1 -J File OPEN and CLOSE. In class 
nrocrammine protect #7 coded

it* Problem session. Chapts 6-10 
Final Chapters 1-10

47 first run
At pdbbs Ferry campus on my desk bv 6 P.M. 47 completed.*

A Note about your text:

Even the best programming texts make slow reading- give yourself 
plenty of time and don't read the assigned sections as if they 
were science fiction. One ofthe skills you must master for 
computer programming is meticulous, detailed thinking. To 
understand the examples, you will have to follow ithea almost 
letter by letter, you will find that such attention to detail 
is essential to write correct programs, and will save you time 
in the long run.
Grading: Grades are a necessary evil. Here is how I plan to grade 
your achievement in this course.
Midterm and Final will be 2 hour written exams. Both exams 
will be open book and similar to questions in exercises and 
discussed in class.
There will be 7 programming assignments. Each will be worth lo 
points except the last one which will be worth 20 points. The 
grade for the programming assignment will be given on the final 
printed output- including a listing of the program and of the 
program output.
You will be responsible for understanding the reading material 
assigned up to date, the exercises and how your program works.
The answers to each programming assignment will be available at 
the class meeting the week after the asssignment is due- if you 
do not hand in your assignments on time, you will be penalized.
You are expected to hand in perfect assignments since they can 
be redone as often as you like before their due date.
Final Grade- Assigned Programs 20-,i 80 points

Midterm 30 i  120 points
Final 50,6 200 points
Total 100?; oOO points

A 372-h00 cumulative points - extral and original work 
Be 350frCP*3?2 
B 326*-CP 050 
Ct 308 fc CP 026 
C 29h£C?O08 
D 250 6-CP *■ 284 
F CP̂-250

Co your own programs. Any programs shared will cause a sharing of the 
grade.
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Group Prograsuaing
CIS/HAT 13b COMPUTER PROGRAMMING I E. Grossman
* Course outline

Objectivei It is assumed that students enrolled in this course have already 
been introduced to computers and programming. This course is intended to 
subsavntially develop a.student's' ability to construct a structure 
algtfrithm using the high-level programming language FORTRAN. The students 
should also be instructed in good programming techniques by using structured 
constructs and extensive documentation. Students should be taught to design 
their own algorithms using structured pseudocode and then shown :'how this 
can be implemented in FORTRAN.
Texts< (A) Problem Solving and Structured Programming in FORTRAN: Friedman 

and Koffman : Addison Wesley.
(B)An Introduction to Structured Programming in FORTRANi IBM GC-1790-0 

Grading:Midterm and Final - ibH of final grade 
7 assigned programs- 2Sjt of final grade
Assigned programs are to be done in groups according to the schedule 
below.

Attendance: Attendance will be kept. It is the student's responsibility to 
keep up with the work.

Office hoursi Dobbs Perry- PSBn*20- Tues t12-l <20,Thurs<12:50-1 <20-6931*500 ext. 3̂ 3 
Yonkers- Faculty room- Thurs<11<50-12>20, Fri<12<00-l<00-963-0372

DATS MATERIA! COVCTCT/ftEADTNBS jM . A.P. STAGE DDE IN CLASS
Login/Logout procedure, editing 
review of computer systems
f A1 ehao.l

#1
Statement types- TYPE,ACCEPT, 
FORMAT, C, REAL .INTEGER 
assignment, IFtpj
a  \ i ? mi

#2 #1 ampleted
Structured program concepts, 
flowcharts, algorithm development 
pseudocode.
(A) 3. (13)2,1 #2 coded
iierary junctions 
Arithmetic expressions
(A) b

n #2 1st run
Indexed Do loop 
Nested Do loops
r a ) b

#2 completed 
#3 coded

One-dimensional arrays 
(A)5

i?b #3 1st run
Arrays and implied DO #3 completed 

t/u coded
problem session
(A)1-5.(B)1,2
Midterm

#5 #b 1st run
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n. £,—4 MATERIAL COVERED/READINGS ASSIGN.
PROGRAM

ASSIGN. FROG. STA 
DUE IN CLASS

lfl Formatting, Multidimensional 
arrays. Chaots. 6,10

46

IT" ' Subprogramming- FUNCTION, 
SUBROUTINE. COOTON 
Chant. 7

45 completed

t4 Problem session on SUBROUTINE 
and FUNCTION. ChaDt.7 -*7 16 completed

1-3 File OPEN and CLOSE. In class 
oroerammine orolect *7 eoAed

W . Problem session. Chapts 6-10 
Final Chapters 1-10

4? first run
.At pdbbs Ferry campus on my desk ,f? completed,'
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A p p e n d ix  Is S r o u p  P ro g ra m m in g  P r o c e s s

MAT/CIS 13**

E3SG HAMMING VIITHIW A GROUP
Groups of 3-1* students will be formed to work on each programming 
assignment. The group will be fixed for that assignment and will 
meet three times during class time.
First class meeting; The group will analyze and discuss possible 
solutions for thelssignment-sketching a flowchart- writing pseudocode. 
During the following week: Sach member will individually design a 
solution and write the code for the program and obtain a listing 
of the code - a copy for each member of the group. The copies will 
be left in a box in the terminal room with the o tier members' names 
on the copies. It is the responsibility of each member to pick up 
the listing of the other group member’s program before the next 
class meeting.
Second Class Meeting: Each member will walkthrnurh the other member’s 
listing (code; noting syntactical, logical and typographical errors. 
Each member will examine the program to see if it will process data 
properly - make up different values and do a desk check with them.
Each member will return their copy of the listed code with comments 
to the author. Do not compare another member's program with yours 
but rather review it to determine if it will work- produce correct 
results. If the group dtermines the design is incorrect, the group 
should not attempt to redesign the program: rather the author should 
be directed to redesign the program and the group should make 
arrangements to reconvene at a later time.
During this week: Each member should remove the bugs that were 
noted and get a complete listing and run of the programming assignment 
- again leaving copies for.the other members in the terminal room.
It is the responsibility of each member to pick up the listing and run 
before the next class meeting.
Third Class Meeting: Each member will walkthrough the other member's 
program listing and run, checking for good programming style and 
finding out why the program did or did not work. Each'member will 
fill out comment sheets on the programs he/she reviewed during 
the walkthrough. .
During this week; Each member is responsible to compl̂ tthe assignment 
and hana in (l)a complete listing of program, run , printout

(2)comment sheets from group reviewers
(3)summary sheet on this assignment filled out by member.

You should find the class enjoyable and productive in terms of the 
time spent for what you learn. Your major resources are (1) team 
members (2) textbook/lecture notes (3) computer feedback and of 
course, (**) the instructor. ’
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A p p e n d ix  Js  A s s i g n e d  P rogram  Summary S h e e t

MAT/CIS 131*
ASS IS WED PROGRAM SUMMARY SHEET

Programmer's Name 
Section 
Assignment y

1. How much time (approximately) did you spend in designing an 
algorithm, translating it into aode, debugging and rewriting 
this program? (la hours)

2. How much time did you spend in the terminal room to input and
run this program? flprinted by the computer at logout)

3. How many runs were necessary before this program “worked"?
(printed by computer as a generation 
number after your filename.
Example! B5KCW.FOR.8 means 
8 revisions/runs were done.

U. Briefly list the errors that were found on this program by the 
FSRTRAN diagnostics* syntactical errors* at time of execution.

5. Briefly list the errors'*found in logic when the program would not 
run or output the correct results* logical errors.

6. Any additional comments on assigned program i/or programming in 
general.
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A p p e n d ix  Ks G roup W a lk th r o u g h  R a t i n g  S h e e t

WAT/CIS 1 3 4EVALUATION FORrf FOR WALKTHROUGH IN GROUP
Author of Program_
Reviewer________
Assignment #_____

Section ______

1.Were reasonable variable names used?

f, .Were sufficient and useful comments 
provided?

3.Were spaces and blank linesr-used 
properly to produce a program with 
a pleasing format?

U.Was the logic of the program 
comprehensible. Could you follow 
what was being done in the program? 
Was this program easy to comprehend 
overall?

5 .Was the algorithm a good choice? (•* 
^  Did the mehpod of solution overlook 

some possible data choices j was it 
too complicated for such a simple 
problem?

6.Would it be easy for you to modify 
this program if the original problem 
was altered slightly?

7.Would you have been proud to have 
written this program? Would you find 
it hard to improve this program?

No Eon't Know Yes

Reproduced with permission o fth e  copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

2 2 0

A p p e n d ix  L: A s s i g n e d  P rogram  G roup Member R a t i n g  S h e e t

MAT/CIS 13̂
ASSIGNED PROGRAM SUMMARY SHEET
Programmer' s Name 
Section 
Assignment #

Circle the response you choose

No
Neutral or 
Don’t Know Yes

l.Did you learn anything useful about 
the FORTRAN language during the walk
throughs with your group? 1 2 3 u 5 6 7

2.Did jjou learn anything useful about 
programming style during the group 
walk-throughs? 1 i 3 it 5 6 7

3.Do you modiifr your programming 
behavtar to produce programs that 
are well-documented (full of comments, 
indentations) because they will be 
read by others? 1 2 3 it 5 6 7
How much time (approximately) did you spend in designing an 

. algorithm, translating it into code, debugging and rewriting 
this program?____________ (in hours)

5. How much time did you spend in the terminal room to input and 
run this program? (printed by computer at logout)

6. How many run were necessary before this program "worked"?
_____________(printed by computer as a gerfration

number after your filename.
Examplei EGR0«.??r.8 means 8 revisions/runs.

7. Briefly list the errors that were found on this program during the 
walk-through sessions 

Syntactical Errors; Logical Errors:

8- ?̂?raprogramiing0inegeneral?SŜgned pr0graa* «rouP l̂k-throughs.
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A p p e n d ix  li: M id term  E x a m i n a t i o n s
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* NAME Midterm FORTRAN MAT/CIS 13̂  OprwpfBZ 
FORM A

I (A) Identify each of the following FORTRAN statements as valid or 
invalid. If it is invalid, identify theerrors by rewriting 
the statement correctly.

(D- DATA KOUNT ,KAT ,K00K/3*Q/, A - 8. 2,  B—100.09

(2) DO K-l TO 100 BY 1

(3) IF(.NOT.(A>ZER0) THEN A-B

(*> • C-A'-BB
i

(5)C -HELLO THERE"

(6) X+Y - SQRT(A+ B**2)

(?) FORMAT (IX,"I'M HERE TODAY")
**A

(8) READ (X.Y.(J-l.lOO)) --------------------------------------

(B) Identify each of the following as valid or Invalid FORTRAN 
variable names,

«
(1) MICKEY(MOUSE) ______ (4) **LEAF __________

(2) SET-UP   (5) A2Z __________
(3) J.13   (6) TROUBLE_________

~ (cJ Identify each of the following as valid or invalid FORtkan
numeric input,

(1) 3.20fc   (h) 321E3 ___

(2)23/3   (5) -43.008E-10 ____
{3 ) AOO.jif-   (6) $1.98 ____

(D)'Translate the following formula (each single letter represents
a variable) into FORTRAN assignment statement.

V.XYZ _ X»Y»Z 
(Ai-B)2"' A-B
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- ** • write a one-line FORTRAN statement tnat calculated the reciprocal - 
—i^75iue—cXTifeĉ Jloir. a<rd rocmt* -î -carrnd w aunurectn.

For ex̂ ||pr̂ aiUilSi/| s .111111 and your statement should produce .11
if NUMBER =3- .

Reciprocal is 1/8" -  .125 and rounded to .13

What Hill be p r in te d  by t h i s  program in  pseudocode u sing  th e  
following d a ta  : -3 ,3 ,1 5 ,1 5 ,2 4 ,3 ,9 9 5  ?

C b) Hake up a  p a ir  o f  v a lues fo r  X and Y th a t  w i l l  cause a  problem 
on o u tp u t in  t h i s  program. Explain how and why.

READ X
WHILE X=999 DO 

READ Y 
IF X=Y 

THEN 
X=X**2 
Y=(X+Y)/2 
2=200 

ELSE 
IF (X Y)

THEN 
Y=Y<**2 
Z=Y-X 

ELSE 
IF (X 0)

THEN
X=X/Y

ENDIF
Z=100

ENDIF
ENDIF
PRINT X,Y,Z 
READ X 

• EXDWHILE

( 'III) .'.rite a program in FORTRAN core using good programing style (as 
much as time permits) to:
'(a)input an array of integer values less than 1000. The maximum size of 

the array is 100 and a value of 1000 will be used to indicate the end 
of input,

(b) search the array and find anc print the value of the largest 
item in the array and its subscript,

(c) find and print the average of all the pasitive items in the array.
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CIS/MAT 1U  FQRTHAN»**MII:THRM_______________ SBring 1982 eg Form B fe££\

Name i
Part I ,
(a)Identify each of the following FORTRAN staements as mill? or invalid.
If it is invalid then rewrite the statement correctly or identify clearly 
what the error(s) is.

(1) CO KITTYwl TO KAT BY LITTER

(2)C THIS IS WRONG -WHY?"

(3) IF(NOT(X<ZERO) THEN TYPE*, X

W ACCEPT*, THE, ENTIRE, ARRAY

(5) FORMAT(IX.THIS IS JACK'S HOUSE")

(6) DATA (SALES(JAX),JAX*3.10.2 )/5,7.0/

(7) A*B“C/D-E

TTT5 C-A*-B/KK

(b)Identify each of the following as valid or invalid FORTRAN variable 
names.

(1) INTERST___________ (2) B.123_________
^  (3) 7UP __________ (U J RISING (MOON)___

j. (5) TEAW __________ (6) SUM-OP _ _ _ _ _

(c )  Id e n tify  each of the  folowing as vald o r  Invalid  FORTRAN numeric 
d a ta  inpu t.

(1) 1231*56? _______ (2) -50000.32 __________
(3)$1.98   (i*) 3.86U __________
(5J-5.301E-55 ________ (6) 1/2

(d ) T ra n s la te  th e  follow ing formula (each s in g le  l e t t e r  rep resen ts  a 
fjA a v a r ia b le )  in to  FORTRAN assignm ent s ta tem en t.

X = A*B*C M+N
TMn)' " SBt
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(E) Evaluate the following FORTRAN statement given the following 
values.

IKK - ((A-B)/(C+D**E)*F)/G [25 | 3 1 2 13 I2 ju 1 2 I __________ ©
(F) Perform the iollowing mixed mode arithmetic and write the 

final value of the expression as it is stored in variable 
named on left.

(1) P=h*(7/2)   '(2) M«2.8*2 ______
(3) Q = FLOAT(*>)+2.90+IFIX(-*>.6/2) _ _ ________ q

(G)Write a one line FORTRAN statement that would round VALUE 
(positive, real) to the nearest thousandth. (Ex. if VALUE=
• 2 3.<>888., it would become 2 3 .U6 9)

(H) If VALUE* 123.*>56 . what would K equal after this FORTRAN 
statement is executed?

K *> MOD (INT(VALUE).10) + MOD(INT(VALUE/10,10)VINT(VALUE)/100 ©
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II J) Exactly what woulc1 be printed by the program below using the following 
' data: 5. a. 10, 10. 15. 5. 999

b)Maie up a pair of data values for X and I that this program will not 
be able to handle. Explain.

READ X
DOWHILE X f  999 

READ Y 
IF(X=Y)

THEN 
X — X**2 
YmCX+Yj / a  

ELSE 
I? (X-C.Y) 

THEN 
Y*Y**2 
XwY-X’ 

ELSE 
IF(X>0) 

THEN 
XaX/Y 

ENDIF 
Y*200 

ENDIF 
ENDIF 
PRINT X.Y

enB^d x '

©
’ ill. Write a program in FORTRAN code using good programming style to:

(A)Input an array of non-zero real values. The array will be of maximum 
size 50. A value of zero will be used to indicate the end of input.
(B)Searoh the array to find and print the value of the smallest item 
and its subscript.
(C)Find the average of all the elements in the array and print it.
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A p p e n d ix  Ns F i n a l  E x a m i n a t i o n s
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HAT/CIS 13b - FORTRAN F in a l sp ring  1982 faw ft E. Grossman

NAME S ection
I .  Determine whether or not *ach of th e  fo llow ing  statem ents are v a lid  

FORTRAN sta tem en ts . I f  v a l id ,  w rite  VALID. I f  in c o rre c t,  w rite  a 
co rrec ted  sta tem ent.___________________ _ _ _

(a) ARRAY ( I .  J)_______ ____________ ___________________________________
( b )  CALL PRTA° °  - ------------------------------------------------------------------------
( C ) ft FAT. SiraopilTTNF EfiPmf A .NTTMt \_________ ________________________
(d) IF(X.0R.(Y-EO.Z )) GP TO S00__________ ________________________
(e) . F Or.;.lAT (IX , a (A 5. 3x ■ "S AY A HELLO V ))

Given the following matrix, BETA, write the type and format statements 
needed t> get the following output"'

BETA
1 2 3 b 5
6 7 8 9 10

11 12 13 lb 15
16 17 18 19 20
21 22 23 2b25

(■f) )WJf&8bm2bl3W7W8

(o') W W *
°  tfblbbi 

bB9M58

(ti) Using a DO loop, write the statements necessary to print out the 
diagnol items of the matrix. BETA.

Tell whether each of the following logical compound expressions are 
TRUE or FALSE based on the values of the variables.

SIGNAL FLAG _G_ _P_ _A_ FIRST LAST
.TRUE. .FALSE. 5-0 9.0 10.0 32. *SAM‘ ’STD'
(£) (G*P/Q.EQ.b. 0).OR. (.NOT. (FIRST.GT.LAST) ) ___________________

(i'.} SIGNAL.AND. (Q.GE.P.OR.FLAG) ___________________

(K) P.GT. 3 .AND. 5. E3.2*G .OR. 3. HE. A/3. AND .SIGNAL

/»\The following statements appear in a FORTRAN procram after opening 
"E-Ja data file:

READ(bb,9 9) IDNO .NAME ,GPA .KLASS 
99 F0RMAT(I2,Ab,Fb.2,l5)

If you were preparing the data file that was to be read by these 
statements, how would you type in the following information to fit the 
format described above?

Identification number(IDNO)- 35 
Class standing(KLASS)- 301
Name(NAME)- SAM
Crade Point Average(GPA)- 2.75
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»S> . ̂ h2ĥ"̂ iSwi?\%:hiu5iî rKisr ̂ s-2'0-1̂ .^
C CALLING MAIN PROGRAM 

COMMON LIST 
INTEGER LIST(200)
N = 1

100 ACCEPT *.LIST(N)
IF(UST(N).EQ.999) CO TO 200 
N = N+1 
GO TO 100 

200 CALL REVERS (N-l)
TIPS*, (LIST (KhK«l. N-l)
STOP
END

SUBROUTINE REVERS (SIZE)
COMMON LIST
INTEGER LIST(200), SIZE 
MIDDLE* SIZE/2 
DO 100 I «I, MIDDLE

100 CONTINUE ^ ^ ^ ( S I Z E v l - I ) ,  
RETURN END

SUBROUTINE SWAF(K.J)
INTEGER K.J.AUX -
AUXr. K
K = J
J = AUX
RETURN
END

(a)What would be printed at the end of the calling program?

(b/Vhy was COMMON not needed in SUBROUTINE S>MP?

(c) tlhat is the relation between LIST in the subroutine REVERS ar.d in the 
calling program?

(d)What is the relation between s in the subroutine SWAP ar.d X in the 
calling program?

(e;what is the relation between the statement 100 in the calling program 
and the statement 100 in subroutine REVERS?

(f) How many times is the subroutine SWAP executed during *hi.-> run.
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Choose (A) OR (B) Write answer on back of test paper or use own
paper- Make sure your name is on every paper you 
hand in.

(A)Represent the cards jof a bridge hand by a pair of integers as done 
in the class problem poker. Use a 4X11 matrix and leave the first
column blank (full) of zeros) and let the ace be the fourteenth column.

(1)real a hand of 13 cards.
(2)compute the number of points in the hand by scoring a 4 for each ace

a 3 for each king
a Z for each queen 
a 1 for each jack.

. Do th is  in  a su b ro u tin e .
(3)In a subprogram function add 3 to the accumulated points for each 

suit not present in the hand. Return the total points to the main 
program where it will be printed.

EX: 24. 4 $ ,  4 f i .  6 ^ .  ? £ > .  l c S > .  8 ^ ,  qA, q C > , x O ,
5 4 ,  AceS?. Face value points - »* . .

Missing suit points -

Total points - 15
t

•Use a minimal of comment statements* We are forced to compromise
. pr.od programming style in order to perform will ia_t,ims and .spare .allnwpj!.

'. Mr. Klaus-Fs~quite busy at this time of the year taking a toy
[W inventory at the North Pole. He has a list of his 5 elf divisions and
' the amount to toys each division produced for tach month thisyear.

,T F ffl A MY .TP ,TY AT s n N T)
F.LF DIVISION i ISO *561 7jJ to \ irS vr? fj/ IM U5
SDF DIVISION z m H2. 4©3 r tr*
Elf DIVISION 1 9H i
JVi./* division u 101 i
Elr division 5 to 1

a)Kelp him by loiding (input. )this matrix - be sure to give specific 
directions on how data is to be typed.

b)Using nested DO loops calculate the average number of toys produced 
each month and put them into an array (1-dimension).

c) Write a subroutine to arrange the average array in descending ordei .
D) In the main program print the number of the month that has the highest 

average - (Next year the elves will all get a vacation during this month)
E) Kow would you modify this program t> find the total number of'toys 

in the inventory?
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HAT/CIS 13** FORTRAN Final- Form B Spring 1982 E. Grossman
Name__________________________________section_________.__________________

I. Determine whether or not each ofthe following statements are valid 
FORTRAN statements. If valid, write VALID. If incorrect, write a 
corrected statement.

(a) FORMAT (IX. 3(A5.3x "IS THE ANSWER"//))
(b) ARRAY (R.C)

0 s  ( c )  CALL PRTERR
(d) IF (X.EQ. 1.0R.2) GO TO 100
(e) INTEGER FUNCTION (LIST.SIZE)

Given the following matrix, BETA, write the type and format statements 
needed to get the following output.

(f) m m
#13bl4

BETA 
1 2 3 4 5
6 7 8 9 10

11 12 13 14 15
16 17 18 19 20

(# ) tfl8W.4»157Wil)S616W)3

(̂ Consider the following instruction:
DATA fALPHA(R.C),C«l,3iR=l ,3/4,5.6,7.8,9/

How would this data be stored? Draw a picture of the matrix with the data" 
stored in it.

! Tell whether each of the following logical compound expressions 
are TRUE or FALSE based on the values of the variables.

 A _B_ C  I___J__K_ PINK RED NAME1 NAME2
1.0 2.0 3. 5 10 0 .TRUE. .FALSE. 'JOE' 'JON' '

(<0 •
(t) (A*B/C.E3.K).0R..N0T.(NAME1.G?.NAME2) __________
(£) PINK,AND.(O.GT.B.OR.RED)

(K) A.CT.B.ASD.B.EQ.2*A.OK.K.NE.J/l0.AND.PINK
The fo llow ing s ta tem en ts appear in  a FORTRAN program a f te r  open!ne n j  a data  f i l e :  r  6

r-x READ(̂ ,99)IDNO,NAKE.GPA.KLASS
99 FORMAT(12, Al .rL.2,15)

I f  you were preparing  th e  data f i l e  th a t  was to  be read -y -hese 
s ta te m en ts , how would you type in  the  follow ing inform ation to  f i t  the 
form at described above?

Id e n t i f ic a t io n  number ('IDNO )- 35 
Class standing(KLASS i- 301
Name (NAME)- . sa,;.!
Grade Point Average(G?A)- 2.75
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'Or
i,b\ o!!i?m*Kthe ValUeS C?min? int0 the LIST array are <*.8.2,0.-1,10.3.995 US) _ Read th e  program and answer the q uestions below. _

C CALLING .MAIN PROGRAM 
COMMON LIST 
INTEGER LIST(200)
N = 1

100 ACCEPT *,LIST(N)
IF (LIST(N ).EQ.9?9) GO TO 200 
N = N+1 
GO TO 100 

200 CALL REVERS (N -l)
TIPS*. (LIST (K ).K -l.N -l)
STOP
END

SUBROUTINE REVERS (SIZE)
COMMON LIST
INTEGER LIST(200), SIZE 
MIDDLE «r SIZE/2 
DO 100 I  « 1 , MIDDLE

CALL SWAP (LIST ( I ) ,L I3T (IIZ E v l-I)) 100 CONTINUE i j i
RETURN END

SUBROUTINE SWAF(K.J)
INTEGER K.J.AUX
AUX=K
K=J
J = AUX
RETURN
END

(a)'What would be p rin te d  a t  th e  end of th e  c a llin g  program?

(b).Vhy was COMMON’Tw ^’needed in  SUBROUTINE SNAP?

(c) V/hat is  the r e la t io n  .between LIST in  the sub rou tine  REVERS and in  the 
c a ll in g  program?

(d)'.Vhat i s  the r e la t io n  between K in  the  subrou tine  SWA? ar.d X in  the  
c a llin g  program?

(e;,vhat is  the r e la t io n  between the statem ent ICO in  the  ca llin g  program 
and the  statem ent 100 in  sub rou tine  REVERS?

(f)Kow many tim es is  the sub rou tine  SWAP executed during th i -  run.
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/
Choose (A) OR (B) Write answer on back of test paper or use own

c paper- Make sure your name is on every paper you
Vjfo) hand in.

(A)Represent the cards jof a bridge hand by a pair of integers as done 
in the class problem poker. Use a 4X14 matrix and leave the first 
column blank (full> of zeros) and let the ace be the fourteenth column.

(1)real a hand of 13 cards.
(2)compute the number of points in the hand by scoring a 4 for each ace

a 3 for each king 
a 2 for each queen 
a 1 for each jack.

.. Do this in a subroutine.
(3)In a subprogram function add 3 to the accumulated points for each 

suit not present in the hand. Return the total points to the main 
program where it will be printed.

EX: 2«. 4$, 4fi, 6 <t, ?5P. loS?, 8 ,̂ j£3. 3$. Q^.K^.
5 G ,  AceS?. Face value points i x  . •

Missing suit points - % fcO «h»*S
Total points - IS

•Use a minimal of comment statements* We are forced to compromise ■
•  ■__good programming Style in o r d e r  t.n ppr-Tnrm W i n  i n  t i m e  a r d  spanp a l l n w o ^ . .

r̂- Klaus is quite busy at this time of tne year taking a toy
Inf inventory at the North Pole. He has a list of his 5 elf divisions and

the amount to toys each division produced for each month thisyear.
,T F M 4 STY iTE .TY AT s 0 N Ti

ELF DIVISION 1 lW 111. iso l£,l 7J tel Til <•1 Hi
ELF DIVISDN 2 f it 3tv 1)2. 4*3 .l*7V
ELF DIVISION 3 9H ... 1
Ei.T"Zn ViaON 4 101 1
ELF DIVISION 5 i t 1

a)Help him by loading (inpiit)this matrix - be sure to give specific 
directions on h o w  data is to be tvoed.

b)Using nested DO loops cloulate the average number of toys produced 
by each elf division and put them into a one-dimensional array.

c)Write a subroutine to arrange the average array in ascending order.
d )in the mam program print the number of the elf division that has the .

highest average . (Next year these elves will ride in the sled ) 
e)Kow would youmodify this program to find the total number of toys in. 

the inventory?
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A p p e n d ix  0 :  P rogram m in g  A s s i g n m e n t s

c i s / m at  1 ^ 4  a s s ig n m e n t  s i

Consider the following program

00100 C YOUR NAME ASSIGNMENT *1
00200 C
00300 C DECLARATION STATEMENT
00400 SEAL HOURS, HATS, TAX, GROSS, NET
00500 C
00600 C FORMAT STATEMENTS
00700 00100 FORMAT (IX,’PLEASE ENTER NUMBER OF HOURS WORKED')
CO800 00200 FORMAT (IX,’PLEASE ENTER PAT RATE’)
00900 C
01000 C DATA INITIALIZATION
01100 DATA TAX/25.00/
01200 C
Cl300 C INPUT DATA 
01400 TYPE 100
01500 ACCEPT •.HOURS
01600 TYPE 200
01700 ACCEPT ‘.HATS
01800 C
01900 C CALCULATE GROSS PAY 
02000 GROSS » KOCHS • RATS
02100 NET ■ GROSS - TAX
02200 C
02300 'C OUTPUT RESULTS 
02400 TYPE •,GROSS
02500 TYPE ®,NET
02600 C
02700 STOP
02800 END

Using the program above, perform the following procedures. Clearly 
indicate each step on your printout. Refer to your notes on terminal 
usage while doing this.

1. LOGIN
2. CREATE a source file for your program.

(use FLLLN.FCR for your filename)
3. Enter your program lines.

; (correct any typing errors using CTRL/U or DEL)
4. EXECUTE your program.
5. EDIT your program.

Make the following changes while in EDIT mode.
(A) Prime line 00700
(3) Print lines 01400 to 0170C
(C) Delete line 02000
(D) Chance line 02100 to

02100 NET • (HOURS • RATE) - TAX 
(use S command)

(S) Replace line 02400 by
02400 TYPE 300

(F) Replace line 02500 bv
02500 TYPE •, HOURS, RATS, NET.

(3) Insert line 00 350
O O e S O  -rfcHMAT (IX,'HOURS',15X,'RATE',loX,' XET PAY')

(H) Save the new file
6. TYPE out your new program.
7. EXECUTE your new program.
8. LOGOUT,
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MAT/CIS l ' i h  
' -.1?8*- 

E. Grossmin
Assignment ,/2 

Check outline for Hue date.

Text page 39/problem ID with some additional requirements:

Write a program,using good programming style, to input 
three data items into variables X,Y, and Z and find and print 
with the proper identifying comments their 
a ) product 
bjsum
cjthe largest of the three values. Hint.- Use an additional 

variable named LARGE which should always contain the 
largest of the data items checked so far.

Test your program with the following data:
(It will be necessary to run-EXECUTE- the program 5 times- once 

for each set of data) ,
(a) 5 (b) 0 (c) U5 (*) I

5 6.7? 6 . 0 5 ^ 3  ' ° 5
5 6 1/3 -a-iEt-s - ,0 0 2

MAT/CIS 13̂ ________________________ASSIGNMENT̂_____________EG

123/ 3H
Write a program to read in a collection of exam scores ranging in 
value from 1 to 100, use an. appropriate sentinel value to indicate 
the end of input, and count and print the total number of scores, 
and the number of outstanding scores (90-100), the number of 
satisfactory scores (60-89) and the number of unsatisfactory 
scores (1-59). Test your program with the data in the text 
and don't forget to use an endcode.
Also calculate and print the average exam score.

This program should employ DOWHILE and IFTHENELSE structures, 
'creaming off the top' procedure and a cumulative sum.
Let's write it in pseudocode now..........
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MAT/CIS 13U  ASSIGNMENT ffk______________ E. Grossman_______
|7? A  l.
Run this program twice - once with the data in text and again with 
the data given below.
Notei For each run be sure to print out a request to read in a value 

indicating how many lines of data there are.
Bmploy library functions and the COUNTIL structure (FORTRAN eode- 
DO loop). Round off to the nearest penny. Make sure to have data in 
neat tabular fora with columns 4 headings of table clearly worded, for 
output.

' Second set of data (fsr second run)i 
Loan in $ Months Rate in t

1,000,000 12 18
7.500  60 11.1
100 120 13.26

MAT/CIS 13** ASSIGNMENT 15_________________E. Grossman_____
Texti Page 231/ 5M

This is a problem that could be broken down into several parts - each
part is ‘attacked* separately and then united when each part is correct.

Part (A) Input 3 arrays using a D0WHILE -(since a sentinel value 
is usedfand output a neat, clearly headed table of 
three columns using a DOUNTII structure. (-If you counted 
the number of households as they came in)

Part (B) Calculate the average household income using D0UNTIL 
and cumulative sum.

Part (C)-Search'the household income array for all that exceed the 
average household income and print them out in neat tabular 
form with proper heading (Entitle the table and then 
have two columns headed - ID NO INCOME etc.)

Part (D) Determine the percentage of households below poverty 
income - search the array testing each income to see if 
it is below the poverty level (using the forgujâ in text) and
theni percentage — # of households of income a poverty „

~ total 4 ofhouseholds ---------- 100
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MAT/CIS n't___________ASSIGNMENT H 6_____________________________
Each person employed by tie Terrific Terminal for Today company is 
t̂ronely enccuraced to meet a minimum level of sales of $10,000 

in . Inal sysic each month. The person who meets this minimum 
levei is paid a base salary each month of $1000 plus a coded percent 
commission on all sales exceeding $1QOOO. If the code for the commission 
is 1 - that salesperson receives commission t if the code is 2
that salesperson receives 5# commission.
Those who do not meet the minimum in sales are paid $300 plus 2£ of 
his/her sales for the month.
The outstanding sales persons who sell more than $15,000 worti of 
terminal systems are paid an additional bonus of 10/S of all their 
sales over $15,000.
The data for each salesperson will consist of a 5-letter name, the 
amount of that month’» sales and a commission code.

Put the names into a NAME array and the corresoponding sales and code 
into a SALES array and CODE array. Compute the monthy salary for each 
salesperson using multiple decislon-alternâ tive structure (IN CASE) and 
logical compound expressions, Put the salaries >nto a corresponding 
SALARY ar»y. Use.* sort routine on the laiariM and put them into 
ascending order (l<**est Don’t forget to move the NAME array
&ALES array and SALARY array in the sort.

output a 3- .column table with the results using proper headings and 
listi.ng_i&s... 5alarifiS_ia.the .tabljs in ascending order.. .. —

SALESPERSON SALES ■ SALARY

Use the following data and make up 5 more names wjth sales and codes

Name SALES CODE

SMITH 14999-99 1
JONES 9000.00. 2
COOP 456.76 2
HAY 23456.76 1
LOVER 11111.11 1

Declare names to be integer mode and limit item to 5 characters.
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MAT/CIS 13** ' PROC. RAMMING ASSIGNMENT. 7_______________ -£2------

A TEAM Program m ing P ro je c t*  Subprogram m ing

Your team should breBk the program below down into modules and 
each member in the .. should take one or more modules to code 
and test.
During this week ( ) code your aoriule(s) and leave a listing
of the code in the terminal room - a copy for each member of your 
group (put their name on their copy). Also pick up the listing 
of code of other modules done by the other team j members (with 
your name written on the copy). Read and crrwquo each listing 
and when the class meets ( ) you can meet with your teem
and exchange ideas and help each other debug each module oeTCre 
you attempt to run them.
During the next week ( ) Put your corrected, coded module(s)
on file in the computer , make up data and test the module. You 
will probably have to add lines to test your module(s) and later ' 
you will have to delete those lines and prehaps arid other lines 
of instruction in order to run the nodule(s) with the actual 
data.
Next time the class meets ( ) bring in the runs of your moriule(s)
with any problems to the teem exchange and critique each. Run 
the entire program during thê next week ( ) linking each
member's module by using the command* EXECUTE PROG1.FOR.PROG2.POR, etc.

Actual data for the update will be on file to be specified later.

ldBTildbS " COLLEGE ENROLLMENT

SESSION
FALL SPRING SUMMER

c DB 357B 3765 1988
A YT 11*56 1768 980

»A YN 1896 2005 11U3
P WP 658 567 333
V PK 1*56 31*5 202
S BX 758 65? 391*

Here is a matrix table displaying how many students are attending 
each campus for each session at . College for the academic year. 
During the year this table needs a constant update as students 
register and staudents drop out.

Program Module**
A) Mein calling program - introduction and description of program 

and all variable names used* organize calls and refersnces to 
subprograms with proper mode and order of arguments.

B) Subroutine- INPUT - the data from enrollment table - include 
instructions on how to type in data,

C) Subroutine - DISPLAY - the matrix table of enrollment.
D) Subroutine - Input HEW data - from a data file and updatr- 

matrix. Include cheek for data errors,
E) Function - Calculste the number of students on esch campus.

Type those values with appropriate identification in the 
subprogram and return to the main program the total number 
of students attending by campus.

P) Function.• Calculate the number of students attending each 
session. Type those values in subprogram with appropriate 
identification and return to the main program the total of 
students attending by session,

G) Main program should print out the total enrollment results from 
(Z) and (F) amd maka sure that they are the same.

I )  After Update la completed (D), display the new matrix.
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A p p e n d ix  P: A t t i t u d e  Tow ard C o m p u te r s  and  C om puter
P ro g r a m m in g  S u r v e y

HAT/CIS 130

COMPUTER ATTITUSE STOREY 

Section_____

Please check the box that most accurately reflects how you feal about 
the statements to the left.

ftmtciyBBAemtlMMSMrmvtMBUNOR
ocMoea

ftKfl STRONStY
MUS.

1. Computer programming is an important skill 
to have for future job opportunities.
2. I try to avoid working on ay computer programs 
until the last minute. They are my least 
favorite assignments.

3. Computers are not vê ruseful because they 
are always breaking down or making mistakes.
0. Computers are fascinating and exciting 
to work with.
5. I become frightened and panicky at the 
thought of having to write a computer program.
6. I will try to avoid working with computers 
in my future job.

7. Computers will help to bring about a better 
way of life for the average person.

8. Computer programming seems to be a fairly 
useless skill.

9. Computers are extremely accurate, efficient 
and reliable.

10.I always look forward to working on my 
computer programming assignments.

11.Computers are important for the efficient 
operation of large and small businesses.
12.1 hestitate working with computers because 
they are strange and anxiety-provoking.
13.1 find that discovering solutions to 
programming problems is a losical process.

10.Every college student should be required 
to take a course in computer programming.
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STfmLYPi wee EE
C1SAGCECHflTHU

AMEC
MR
PBASREE

K*reSTRONGLY* 
A«EE '

1b .  1 view programing as a stimulating and 
challenging activity.

it. 1 find that trying to get my program to 
run on the computer is a frustrating ordeal.

1 7 - It seems to me that a programming class 
motivates students to cheat - they copy other 
people's programs and hand them in.

l*f. O-ie cannot use what is taught in this 
course outside of a programming environment.
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