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A STUDY OF CREATIVITY, INTELLIGENCE, AND DISCOVERY TEACHING 

AS RELATED TO PERFORMANCE IN ELEMENTARY SCHOOL MATHEMATICS

CHAPTER I

INTRODUCTION

Overview

I f  t h e r e  e x i s t s  a  s o c i e t a l  c o n c ep t  common among th e  m asses ,  t h e n  

i t  would  have  to  be t h a t  o u r  s o c i e t y  sh o u ld  be immune t o  decay ; i . e . ,  i t  

sh o u ld  be  an  e v e r - re n e w in g  s o c i e t y  (G ard n e r ,  1963) .  An e v e r - re n e w in g  

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

p o s s i b l e  to d ay  i s  s t a b i l i t y  i n  m o t io n .  Such a s o c i e t y  f o s t e r s  i n n o v a t iv e ,  

v e r s a t i l e ,  and s e l f - r e n e w i n g  men and women and g iv e s  them room to  b r e a t h e .

I m p l i c i t l y  p e rm e a t in g  th e  i d e a  o f  an  e v e r - r e n e w in g  s o c i e t y  i s  t h e  

c o g n iz a n c e  t h a t  th e  s o c i e t y ' s  c a p a c i ty  f o r  renew al  depends  upon th e  

i n d i v i d u a l s  who make i t  up .  I s  t h i s  n o t  m a n i f e s t e d  by o u r  s o c i e t y ,  which 

a c c e p t s  " r e s p e c t  f o r  th e  i n d i v i d u a l "  a s  b e in g  th e  " b a s i c  American v a lu e " ?  

The E d u c a t i o n a l  P o l i c i e s  Commission (1961, p . 1) c o n te n d s  t h a t  t h i s  v a l u e ,  

r e s p e c t  f o r  th e  i n d i v i d u a l ,  h a s  l e d  to  one o f  th e  m a jo r  r e s p o n s i b i l i t i e s  

which A m erican e d u c a t io n  h a s  had  p la c e d  upon i t  by th e  p e o p le ,  th e  

p r o p o s i t i o n  b e in g  " to  f o s t e r  t h a t  developm ent o f  i n d i v i d u a l  c a p a c i t i e s  

w hich w i l l  e n a b le  each  human b e in g  to  become th e  b e s t  p e r s o n  he i s  c a p a b le  

o f  b e c o m in g ."
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Human V a r i a b i l i t y  

C l e a r l y ,  th e n ,  e d u c a t io n  m ust c o n c e rn  i t s e l f  w i th  th e  c o n c ep t  o f  

human v a r i a b i l i t y — i n d i v i d u a l  d i f f e r e n c e s .  I n  a  com prehensive  s e n s e ,  

human v a r i a b i l i t y ,  a s  m ost o t h e r  f l e x i b l e  o r  f l u i d  phenomena, v a r i e s  in  

a  p r e d i c t a b l e  m anner. Namely, human v a r i a b i l i t y  i s  one o f  d e g re e  r a t h e r  

th a n  o f  k i n d ,  human v a r i a b i l i t y  i s  u s u a l l y  r e p r e s e n t a t i v e  o f  a continuum  

from one ex trem e  t o  th e  o t h e r ,  and human v a r i a b i l i t y  i s  u s u a l l y  r e p r e 

s e n t a t i v e  o f  th e  s t a t i s t i c a l  c o n c e p t - -n o rm a l  d i s t r i b u t i o n .

Bloom (1964) i n  d i s c u s s in g  human c h a r a c t e r i s t i c s  h y p o th e s i z e s  

t h a t  we can  d e te rm in e  th e  t h e o r e t i c a l  l i m i t s  on th e  p r e d i c t i o n  o f  a c a 

demic ach ie v e m e n t  w i th  r e f e r e n c e  to  t im e ,  ag e ,  and v e r t i c a l  s t a t u s  in  

s c h o o l .  T h is  d e t e r m i n a t i o n ,  how ever, i s  dependen t upon i d e n t i f i c a t i o n  

o f  c e r t a i n  f a c t o r s  and c o n d i t i o n s  o f  human v a r i a b i l i t y .

A l though  th e  a r r a y  o f  i n d i v i d u a l  d i f f e r e n c e s  i s  d r a m a t i c ,  ed u 

c a t i o n  g iv e s  p r i o r i t y  to  d i f f e r e n c e s  m ost r e l a t e d  to  l e a r n i n g .  Danemark

(1961) l i s t s  s i x  a r e a s  o f  human v a r i a b i l i t y  which have  i m p l i c a t i o n s  f o r  

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

l e v e l s ,  t y p e s  o f  i n t e l l i g e n c e ,  r a t e  o f  deve lopm en t,  s o c i a l  c o n te x t ,  and 

o b j e c t i v e s  f o r  l e a r n in g .

C r e a t i v i t y  and I n t e l l i g e n c e  

One o f  th e  m ost c o n t r o v e r s i a l  a r e a s  o f  human v a r i a b i l i t y  i s  ty p es  

o f  i n t e l l i g e n c e .  P r e v a l e n t  i n  th e  c o n t r o v e r s y  i s  th e  c r e a t i v i t y  v s .  i n 

t e l l i g e n c e  p rob lem . Givens (1963) i d e n t i f i e s  " c r e a t i v e  i n t e l l i g e n c e "  a s  

th e  im p o r ta n t  a s p e c t  o f  th e  human c o g n i t i v e  s t r u c t u r e  w i th  which we sh o u ld  

become b e t t e r  a c q u a in te d .  T h is  c a te g o ry  o f  i n t e l l e c t u a l  b e h a v io r  i s  c h a r 

a c t e r i z e d  by sp o n taneous  e x p r e s s io n  r e s u l t i n g  from s y n t h e s i s ,  o r i g i n a l .
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o r  d i v e r g e n t  t h in k i n g .

On th e  o t h e r  h a n d ,  " a d a p t iv e  i n t e l l i g e n c e , "  r e p r e s e n t a t i v e  o f  o u r  

n o t io n s  o f  i n t e l l i g e n c e  a s  m easured  by IQ t e s t s ,  i s  c h a r a c t e r i z e d  by 

a n a l y t i c a l  and c r i t i c a l  th in k in g .  T h is  ty p e  o f  i n t e l l i g e n c e  i s  c o n s id 

e re d  to  have  been  f o s t e r e d  i n  o u r  e d u c a t io n a l  p r a c t i c e s  and o f t e n  a t  th e  

expense  o f  c r e a t i v e  i n t e l l i g e n c e .

The c o n t r o v e r s y  i s  f u r t h e r  e x e m p l i f i e d  by W allach  and K ogan 's  

(1965, p . 2) a s s e r t i o n  t h a t  th e  p o s s i b i l i t y  o f  a  u n i f i e d  d im ension  o f  

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

a t e l y  l a b e l e d  a s  more o r  l e s s  c r e a t i v e ,  and th e  p o s s i b l e  l i m i t a t i o n s  o f  

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

have  been  th e  f o c i  o f  c r e a t i v i t y  r e s e a r c h  p r o j e c t s ,  sym posia , and r e p o r t s .  

T h e r e f o r e ,  W allach  and Kogan (1965, p . 25) c la im  t h a t  th e  g o a ls  o f  t h e s e  

c r e a t i v i t y  end eav o rs  have been  "slan-ted tow ard  e s ta b l i s h m e n t  o f  th e  id e a  

t h a t  " t h e r e  e x i s t s  a  u n i f i e d  p e r v a s iv e  d im ension  o f  c o g n i t i v e  a c t i v i t y  

which i s  p r o p e r ly  c h a r a c t e r i z a b l e  as  c r e a t i v i t y ,  s ta n d in g  r e l a t i v e l y  i n 

dependen t o f  a n o th e r  p e r v a s iv e  c o g n i t i v e  d im ension  which i s  p r o p e r ly  

c h a r a c t e r i z a b l e  a s  g e n e r a l  i n t e l l i g e n c e . "

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

have  been  c o n s id e re d  from th e  s t a n d p o i n t  o f  p h i lo s o p h y ,  p sy ch o lo g y ,  and 

s o c io lo g y .  P h i lo s o p h i c a l l y ,  Brameld (1965) m a in ta in s  t h a t  e d u c a t io n ,  to  

be a so u rc e  o f  power in  t o d a y 's  w o r ld ,  c a n n o t  a f f o r d  to  m inim ize  o r  sub 

o r d i n a t e  th e  r o l e  o f  c r e a t i v i t y  in  th e  e x p e r ie n c e  o f  l e a r n in g .  On a  c r i t 

i c a l  n o t e ,  he  c la im s  th e  s c h o o ls  a re  i n  a  s t a t e  o f  im balance  away from 

c r e a t i v i t y  toward p a s s i v i t y — t h a t  i s ,  toward s t a n d a r d i z a t i o n .

From psycho logy  comes a  s i m i l a r  n o te  o f  d i s q u i e tu d e .  P au l  T o r ra n c e



(1960) g e n e r a l i z e s :

I n  th e  m ain ,  c u r r e n t  s c h o o l  c u r r i c u l a  a t  a l l  l e v e l s  o f  edu
c a t i o n  a r e  d e s ig n e d  to  d ev e lo p  and make u se  o f  th e  k in d s  o f  
t h in k i n g  a b i l i t i e s  r e f l e c t e d  i n  t r a d i t i o n a l  t e s t s  o f  i n t e l l i 
gence .  No one i s  s u g g e s t in g  t h a t  th e  deve lopm ent o f  t h e s e  
a b i l i t i e s  be  e l i m i n a t e d .  I t  i s  o n ly  s u g g e s te d  t h a t  p a r a l l e l  
t r e a tm e n t  be g iv e n  th e  c r e a t i v e  t h in k in g  a b i l i t i e s .

I n  a s o c i o l o g i c a l  s e n s e ,  C a lv in  T a y lo r  (1 9 6 3 ) ,  a  p s y c h o lo g i s t ,  

s t a t e s ,  " C r e a t iv e  t a l e n t  may w e l l  be th e  human r e s o u r c e  m ost needed  

t o d a y . " He, t o o ,  deems i t  im p o r ta n t  f o r  e d u c a t io n  to  " co n c e rn  i t s e l f  

n o t  j u s t  w i th  th e  k in d  o f  g i f t e d n e s s  and h i g h - l e v e l  t a l e n t  which h as  

been  s in g l e d  o u t  and f a v o re d  to  d a t e ,  b u t  a l s o  w i th  th e  i d e n t i f i c a t i o n  

and c u l t i v a t i o n  o f  a l l  h i g h - l e v e l  human r e s o u r c e s . "

P erhaps  t h i s  co n c e rn  f o r  c r e a t i v i t y  r e c o g n i t i o n ,  a s  w e l l  a s  i n 

t e l l i g e n c e  r e c o g n i t i o n ,  em anates  from a  change i n  e d u c a t io n a l  o b j e c t i v e s  

f o r  th e  s c h o o ls .  T h is  c o n je c tu r e  seems r e a s o n a b le  when one r e f l e c t s  on 

th e  E d u c a t io n a l  P o l i c i e s  Commission (1961, p .  12) p ro c la m a t io n  t h a t  th e  

c e n t r a l  p u rp o se  o f  t h e  s c h o o ls  i s  developm ent o f  th e  a b i l i t y  to  t h in k ,

i . e . ,  to  u se  r a t i o n a l  pow ers; t h a t  t h e s e  r a t i o n a l  powers a r e  c o m p a t ib le  

w i th  G u i l f o r d ' s  (1959) t h r e e  f a c e s  o f  i n t e l l e c t  and B loom 's  (1956) s i x  

c a t e g o r i e s  o f  e d u c a t i o n a l  o b j e c t i v e s  (b o th  c o n t a i n  a s p e c t s  t h a t  have  been  

i d e n t i f i e d  in  t h e  d im ens ion  o f  c r e a t i v e  c o g n i t i o n ) ;  and th e  concensus  

t h a t  i n t e l l i g e n c e  t e s t s - - i n t e l l i g e n c e  b e in g  a c c e p te d  a s  t h a t  w hich i n 

t e l l i g e n c e  t e s t s  m e a s u r e - - a r e  used  to  e s t i m a t e  th e  c a p a c i ty  o f  th e  s t u 

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

T h is  c i r c u m s c r ib in g  th o u g h t ,  co u p led  w i th  th e  p r e v i o u s ly  c i t e d  

c h a rg e  to  th e  s c h o o ls  by th e  American p e o p le ,  p ro b a b ly  i s  i n d i c a t i v e  o f  

a new e r a  i n  th e  developm ent o f  th e  c oncep t  o f  i n t e l l i g e n c e  and i t s  m eas

u rem en t.  The h y p o t h e s i s  seems to  be v e r i f i e d  by McLeish (1963, p. 2 9 ) ,



who o f f e r s  t h i s  h i s t o r i c a l  n o te :

M en ta l  t e s t i n g  c r y s t a l l i z e d  o u t  a s  a  b y - p ro d u c t  o f  s e v e r a l  
u n r e l a t e d  l i n e s  o f  deve lopm en t i n  th e  h i s t o r y  o f  p sy c ho logy .
I n  t h e  h i s t o r i c a l  o r d e r  o f  t h e i r  a p p e a ra n ce  th e s e  w ere :  
t h e o l o g i c a l  s p e c u l a t i o n s  and  p h i l o s o p h i c a l  c r i t i c i s m  o f  th e  
" f a c u l t i e s  o f  th e  s o u l " ;  th e  a t t e m p t  to  i n v e s t i g a t e  th e  r e l a t i o n s  
be tw een  mind and body by F echne r  ( " p s y c h o - p h y s i c s " ) ;  th e  
a n th r o p o m e t r i c  i n v e s t i g a t i o n s  o f  S i r  F r a n c i s  G a l to n ,  i n  which 
he a t t e m p te d  to  m easu re  th e  p h y s i c a l  and m e n ta l  d i f f e r e n c e s  
be tw een  i n d i v i d u a l s  o v e r  a  v e ry  w ide  f i e l d ;  th e  s tu d y  o f  
backw ardness  i n  s c h o o l  c h i l d r e n  by B in e t .  These t r e n d s ,  the  
h i s t o r i c a l  o r d e r  c o r r e s p o n d in g  t o  th e  i n c r e a s i n g  im por tance  
o f  each  f o r  th e  deve lopm en t o f  t e s t s ,  r e p r e s e n t  th e  s t r a n d s  
which have  been  woven t o g e t h e r  by h i s t o r i c a l  c i r c u m s ta n c e s  to  
g iv e  r i s e  to  t h i s  h i g h l y  s o p h i s t i c a t e d  b ran c h  o f  a p p l i e d  
p sy ch o lo g y .

The p r e s e n t  e r a  i s  c h a r a c t e r i z e d  by th e  t r e a tm e n t  o f  i n t e l l i 

gence  a s  a  d e v e lo p m e n ta l  c o n c e p t  t h a t  i s  m o d if ie d  a s  th e  i n d i v i d u a l  

i n t e r a c t s  w i th  h i s  e n v iro n m e n t .  R ecen t s t u d i e s  m a n i f e s t i n g  t h i s  id e a  

p e r t a i n  to  th e  c h i l d ' s  a c q u i s i t i o n  o f  h i s  n a t i v e  language  and h i s  d e v e l 

opment o f  t h in k i n g  p r o c e s s e s .

Hence, th e  c o n c e p t  o f  i n t e l l i g e n c e  i s  b e in g  m o d i f i e d - - t h e  c r e a 

t i v i t y  s t r a n d  b e in g  in te rw o v e n  and a c c e p te d  a s  d e v e lo p m e n ta l— so t h a t  i t  

w i l l  accommodate th e  i d e n t i f i e d  o b j e c t i v e s  o f  th e  s c h o o l .  I n  t h i s  t r a n 

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

th e  i n t e l l e c t u a l  deve lopm en t o f  c h i l d r e n  i n  language  a c q u i s i t i o n  and th e  

p r o c e s s e s  o f  t h in k i n g .  Among th e  p r e v a l e n t  q u e s t i o n s  p rom p ting  p a r t i c 

u l a r  s t u d i e s  a r e :  How much and  w hat do c h i l d r e n  u n d e r s t a n d  a t  p a r t i c u l a r

ag e s?  How much more can  th e y  be  t a u g h t  a t  t h e s e  same ages?  I n  w hat ways 

can  in fo r m a t io n  b e s t  be p r e s e n t e d  to  them? What i s  th e  s i g n i f i c a n c e  o f  

th e  c r e a t i v i t y  s t r a n d ?

I n  r e s p o n s e  to  th e  l a s t  q u e s t i o n ,  A usubel (1963, p . 98) c a p tu r e s  

t h e  m agn itude  and p o t e n t i a l  o f  th e  concep t, ,  a s  w e l l  a s  i m p l i c a t i n g  o b j e c 

t i v e s  and d i r e c t i o n s  f o r  r e s e a r c h  when he  s t a t e s  t h a t  " c r e a t i v i t y  c o n s t i -
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t û t e s  an  i n t r a - p e r s o n a l  v a r i a b l e  which a f f e c t s  i n d i v i d u a l  d i f f e r e n c e s  in  

m e a n in g fu l  l e a r n in g  and r e t e n t i o n ,  problem  s o lv in g ,  and  academ ic a c h ie v e 

m ent. "

S choo l M athem atics

From th e  em phasis  on r e c o g n iz in g  i n d iv i d u a l  d i f f e r e n c e s  i n  term s 

o f  i n t e l l i g e n c e ,  i n c l u d in g  c r e a t i v i t y ,  e d u c a to r s  a r e  s u b s e q u e n t ly  fa c e d  

w i th  s t u d e n t s '  a ch iev em en t  i n  m ost a r e a s  o f  th e  c u r r i c u lu m .  No sm a l l  

amount o f  a t t e n t i o n  ha.s been  a t t r a c t e d  by th e  r e c e n t  e x p e r im e n ta l  p r o 

grams i n  s c h o o l  m a th e m a t ic s .  The a c t i v i t y  and changes i n  t h i s  segment 

o f  th e  c u r r ic u lu m  have b een  l a b e l e d  as  the  " r e v o l u t i o n  i n  s c h o o l  m athe 

m a t i c s . "  K e p p e l 's  (1963, p .  v i i )  s ta te m e n t  t e s t i f i e s  to  th e  scope and 

i n f l u e n c e  o f  th e  r e v o l u t i o n :

I f  one w ere to  lo o k  f o r  th e  most s i g n i f i c a n t  deve lopm ent i n  
e d u c a t io n  o v e r  th e  p a s t  de c ad e ,  i t  would be r e a s o n a b le  to  s i n g l e  
o u t  th e  wave o f  c u r r i c u lu m  re fo rm  which h a s  swept th e  s c h o o l  
system  and a p p e a rs  t o  be m a in ta in in g  i t s  v i g o r  u n d im in is h e d .
B e g inn ing  w i th  m a th e m a tic s  . . .  i t  h a s  sp re a d  in  sc£pe  u n t i l  _  
a lm o s t  e v e ry  d i s c i p l i n e  r e p r e s e n t e d  in  th e  p r im a ry  /^ e le m e n ta ry /  
and se co n d a ry  s c h o o l  c u r r i c u lu m  has  been  i n  some d e g re e  a f f e c t e d .

E x p e r im e n ta l  s c h o o l  m ath e m a tic s  p r o j e c t s  have  b e e n  s t r i v i n g  f o r  

g a in s  w i t h i n  th e  b ro ad  rea lm  o f  m athem atics  e d u c a t io n  i t s e l f ,  b u t  u l t i 

m a te ly  a  h i g h e r  l e v e l  o f  m a th e m a t ic a l  l i t e r a c y  and competency f o r  each  

i n d iv i d u a l  h a s  loomed a s  th e  m a jo r  o b j e c t i v e .  Tha t i s ,  th e  new program s 

i n  m ath e m a tic s  have  n o t  abandoned th e  c l a s s i c  American g o a l  o f  p ro v id in g  

a g e n e r a l  e d u c a t io n  f o r  th e  m a sse s .  In d ee d ,  th ey  have been  c r e a t e d  f o r  

t h i s  v e ry  p u rp o se ,  b u t  t a i l o r e d  to  f i t  modern l i f e  and modern e d u c a t io n a l  

n e e d s .  C h a r a c t e r i s t i c a l l y ,  p r o d u c t s  o f  th e  e x p e r im e n ta l  m a th e m a tic s  

p r o j e c t s - - a n d  e x p e c te d ly  s o — c o rre s p o n d  to  c a u se s  and r e a s o n s  f o r  th e  

r e v o l u t i o n .
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One o f  th e  c a u se s  b e h in d  th e  r e v o l u t i o n  i s  th e  v a s t  amount o f  

m a th e m a tic s  t h a t  h a s  been  c r e a t e d  w i t h i n  th e  p a s t  60 y e a r s ;  h e n c e ,  th e  

new program s i n  s c h o o l  m ath e m a tic s  c o n ta i n  some new c o n te n t .  A second 

cau se  i s  t h e  i n c r e a s i n g  need  o f  our  s o c i e t y  f o r  m a th e m a t ic a l  competence 

due to  ad v an ces  i n  s c i e n t i f i c  and t e c h n o l o g ic a l  knowledge. T h is  need 

h a s  been  an  i n f l u e n t i a l  f o r c e  which th e  p r o j e c t  program s have responded  

to  by t e l e s c o p i n g  ( t e a c h in g  t o p i c s  e a r l i e r )  m a th e m a t ic a l  m a t e r i a l .  The 

i n t e r e s t  o f  m a th e m a t ic ia n s  i n  m athem a tic s  e d u c a t io n  h a s  prom pted th e  

new program s t o  c o n c e n t r a t e  on p r e c i s i o n  o f  v o c a b u la ry ,  a  t h i r d  common 

c h a r a c t e r i s t i c  o f  th e  e x p e r im e n ta l  p r o j e c t s .

T h in k in g  a b o u t  more e f f e c t i v e  m ethods o f  t e a c h in g  and d e v e lo p 

m ents i n  l e a r n i n g  th e o r y  and e d u c a t io n a l  p sycho logy  s e t s  th e  s t a g e  f o r  

a  f o u r t h  c h a r a c t e r i s t i c .  I n  th e  new program s n o t  o n ly  a r e  m eaning and 

u n d e r s t a n d in g  o f  p r im a ry  im portance  b u t  a l s o  em phasis  on s t r u c t u r e ,  

g e n e r a l i z a t i o n ,  r e a s o n in g ,  and d i s c o v e r y .  T h is  i s  c l e a r l y  r e v e a le d  by 

i n s p e c t i o n  o f  An A n a ly s i s  o f  th e  New M athem atics  Programs (NCTM, 1963). 

The p re s e n c e  o f  each  id e a  i s  b a sed  on p s y c h o lo g ic a l  b e l i e f s  ab o u t  how 

s tu d e n t s  l e a r n  m a th e m a tic s .

C l e a r l y ,  th e  d i r e c t i o n  o f  the  r e v o l u t i o n  h as  b een  from th e  p o l a r  

p o s i t i o n  o f  m a th e m a tic s  i n  te rm s o f  s o c i a l  u t i l i t y  to  a  p o s i t i o n  o f  sound 

m a th e m a t ic s .  T h is  i s  n o t  to  say t h a t  th e  r e v o l u t i o n  i s  a  move back  to  

th e  c o n t e n t - c e n t e r e d  s c h o o l ,  s in c e  th e  c o n te n t io n  among r e v o l u t i o n i s t s  

i s  t h a t  m a th e m a tic s  i s  n o t  enough. The C a l i f o r n i a  M athem atics  C ounc il  

(1963) e x e m p l i f i e s  t h i s  when i t  r e c o g n iz e s ,  and em p h as izes ,  t h a t  a  sound 

c u r r ic u lu m  i s  n o t  s u f f i c i e n t .  Sound and m ea n in g fu l  c o n c e p ts  can  be j u s t  

a s  p o o r ly  t a u g h t  a s  unsound c o n c e p ts .  A r e o r i e n t a t i o n  o f  the, m a them a tic s  

program  w hich  em phasizes  s t r u c t u r a l  a s p e c t s  w i l l  be  u n s u c c e s s f u l  u n l e s s



th e  pedagogy i s  s u c c e s s f u l .

. D isc o v e ry  T each ing  

A lth o u g h  v a r i a t i o n  i n  t e a c h e r  e f f e c t i v e n e s s  i s  e v e r  p r e s e n t ,  th e  

g e n e r a l  i n s t r u c t i o n a l  o b j e c t i v e  i s  to  u t i l i z e  th e  d i s c o v e r y  approach  i n  

d e v e lo p in g  m eaning  and u n d e r s t a n d in g  o f  m a th e m a t ic a l  c o n c e p t s .  The 

a ssu m p t io n  i s  t h a t  d i s c o v e r y  t e a c h in g  w i l l  e n a b le  t h e  s t u d e n t  to  l e a r n  

m e a n in g fu l ly  i n  l e s s  t im e  and a l s o  e x te n d  h i s  r e t e n t i o n  t im e ,  a s  compared 

to  th e  r e s u l t s  a t t a i n e d  by e x p o s i t o r y  t e a c h in g .

I n  a p p ly in g  t h i s  t e a c h in g  app ro ach  to  m a th e m a t ic s ,  B r u n e r ' s  (1962) 

s ta t e m e n t  i s  a c c e p te d  t h a t  " e v e ry  s u b j e c t  h a s  a  s t r u c t u r e  . . . .  I t  i s  

t h i s  s t r u c t u r e  t h a t  p r o v id e s  th e  u n d e r ly in g  s i m p l i c i t y  o f  t h i n g s ,  and i t  

i s  by l e a r n i n g  i t s  n a tu r e  t h a t  we come to  a p p r e c i a t e  th e  i n t r i n s i c  mean

ing  o f  a  s u b j e c t . "  Thus, m a th e m a tic s  h a s  a  s t r u c t u r e  and  l e a r n i n g  o f  

t h i s  s t r u c t u r e  makes i t  p o s s i b l e  to  g a in  an u n d e r s t a n d in g  o f  m a th e m a t ic s .

Any m a th e m a t ic a l  t o p ic  s t u d i e d  i s  a  p a r t  o f  t h i s  s t r u c t u r e .  Hence, 

th e  c o n c e rn  w i th  a  g iv e n  to p i c  i s  i t s  n ic h e  i n  th e  t o t a l  s t r u c t u r e  o f  m a th e 

m a t ic s .  How i s  t h i s  prob lem  r e s o lv e d ?  I t  i s  r e s o lv e d  by d e v e lo p in g  w i t h 

i n  th e  s t u d e n t s  an  a t t i t u d e  o f  i n q u i r y ;  t h a t  i s ,  an  a t t i t u d e  t h a t  l e a d s  

to  d i s c o v e r i e s .  S p e c i f i c a l l y ,  s t u d e n t s  a r e  encou raged  t o  a s k  q u e s t io n s  

l i k e  (H ardg rove , 1963):

How do t h e s e  t h in g s  r e l a t e ?

What a r e  th e  e s s e n t i a l  t h in g s  I  know?

What does  i t  a l l  mean?

I f  g e n e r a l i z a t i o n s  a r e  made from th e  r e s p o n s e s  to  t h e s e  q u e s t i o n s ,  

th e n  s t u d e n t s  sh o u ld  be encou raged  to  a sk :

I s  t h i s  g e n e r a l i z a t i o n  a lw ays  t ru e ?

Can I  p ro v e  i t ?
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Where can I  go from h e re ?

The p rem ise  a c c e p te d  i s  t h a t  t h i s  approach  h e lp s  s t u d e n t s  to  

d e v e lo p  an  aw aren ess  and a p p r e c i a t i o n  o f  th e  s t r u c t u r e  o f  m a th e m a tic s  

a s  a  r e s u l t  o f  t h e i r  own th in k i n g .  Not o n ly  does t h i s  app ro ach  a i d  

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

b u t  i t  a l s o  d e v e lo p s  a  way o f  w o rk in g ,  a  way o f  t h in k i n g ,  an  a p p ro a c h  to  

l e a r n i n g  and  prob lem  s o lv i n g .

V a r i a b l e s  o f  T each ing  and L e a rn in g  M athem tics

I n  p e r s p e c t i v e  o f  t im e ,  th e  r e v o l u t i o n  i n  s c h o o l  m a th e m a t ic s  h a s  

e v o lv e d  from a  s t a g e  i n  which m a th e m a t ic a l  c o n te n t  was t h e  f o c a l  p o i n t ,  

to  i t s  p r e s e n t  s t a g e  i n  which th e  l e a r n i n g  o f  m ath e m a tic s  i s  c e n t r a l .

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

c o n f r o n te d  w i th  human v a r i a b i l i t y  and i t s  r o l e  i n  l e a r n in g  m a th e m a t ic s .

To d e te rm in e  th e  v a r i a b l e s  t h a t  a f f e c t  m a th e m a t ic a l  l e a r n i n g ,  

m ost o f  t h e  r e v o l u t i o n i s t s  a r e  o b s e rv in g  p r a c t i c e  and exam in ing  r e s e a r c h  

c o n c lu s i o n s .  O b s e rv a t io n s  y i e l d  r a t h e r  s t a r t l i n g  and d i s q u i e t i n g  r e s u l t s .  

Forem ost i s  t h a t  t e a c h e r s '  aw aren ess  o f  s tu d e n t  v a r i a t i o n  i s  a lm o s t  u n i 

v e r s a l ,  b u t  p r a c t i c e  r e v e a l s  t h a t  many o f  them seem to  b e l i e v e  t h a t  a l l  

c l a s s e s  and s tu d e n t s  m ust be t a u g h t ,  and m ust l e a r n ,  th e  same m a t e r i a l s  

i n  th e  same way and a t  th e  same r a t e .  Suppes (1964, p .  79) d e p i c t s  th e  

s i t u a t i o n  when he  s t a t e s ,  " I n  s p i t e  o f  th e  o b e is a n c e  p a id  to  t h i s  t e n e t  

/ l e a r n i n g  ra te_s/  i n  d i s c u s s i o n s  o f  c u r r i c u lu m  I  c o n s id e r  i t  t h e  m ost im

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

t i c e  o f  s u b j e c t  m a t t e r  t e a c h in g  i n  th e  c la s s r o o m ."

E x a m in a tio n  o f  th e o r y  and r e s e a r c h  i s  p ro d u c in g  some g e n e r a l  

p r i n c i p l e s  o f  human v a r i a b i l i t y  w i th  i m p l i c a t i o n s  f o r  th e  r e v o l u t i o n i s t s  

i n  t h e i r  c o n c e rn  w i th  a ch iev em en t  and grow th  i n  m a th e m a tic s .  Some o f  th e
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g e n e r a l  p r i n c i p l e s  a r e :  i n d iv i d u a l  d i f f e r e n c e s  a r e  r e a l ,  i n e v i t a b l e ,

i n e r a d i c a b l e ,  d e s i r a b l e ,  and e s s e n t i a l  (T y le r  and B ro w n e l l ,  1962); one 

o f  th e  m ost f i r m l y  e s t a b l i s h e d  p s y c h o lo g ic a l  c o n c e p t s  i s  th e  e x i s t e n c e  

o f  s i g n i f i c a n t  d i f f e r e n c e s  in  i n d iv i d u a l  r a t e s  o f  l e a r n i n g  (Suppes, 1964, 

p . 7 9 ) ;  and i n  s e e k in g  to  p ro v id e  i n t e l l i g e n t l y  f o r  t h e s e ,  e d u c a t io n a l  

d i a g n o s i s  o f  and p r e s c r i p t i o n  f o r  th e  i n d iv i d u a l  a r e  e s s e n t i a l  (Goodlad, 

1965, p . 5 7 ) .

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

i s  t h i s  s ta t e m e n t  by T o r ra n c e  (1965d, p .  678):

To me, by f a r  t h e  m ost e x c i t i n g  i n s i g h t  t h a t  h a s  come from 
o u r  r e s e a r c h  i s  t h a t  d i f f e r e n t  k in d s  o f  c h i l d r e n  l e a r n  b e s t  when 
g iv e n  o p p o r t u n i t i e s  t o  l e a r n  in  ways b e s t  s u i t e d  to  t h e i r  m o t i 
v a t i o n s  and a b i l i t i e s .  Whenever t e a c h e r s  change t h e i r  ways o f  
t e a c h in g  i n  s i g n i f i c a n t  ways, a d i f f e r e n t  g roup  o f  l e a r n e r s  
become th e  s t a r s  o r  h ig h  a c h ie v e r s .  T h is  advance  h a s  f a r  
r e a c h in g  i m p l i c a t i o n s  f o r  e d u c a t in g  a  l a r g e r  number o f  p eo p le  
to  a  h i g h e r  l e v e l  o f  d i g n i t y  and m en ta l  h e a l t h  i n  o u r  s o c i e t y  
. . . .  C u r i o s i t y  and  c r e a t i v e  needs a r e  s t r o n g  enough and 
u n i v e r s a l  enough t o  make c r e a t i v e  ways o f  l e a r n i n g  u s e f u l  f o r  
a l l  i n d i v i d u a l s ,  b u t  c r e a t i v e  ways o f  l e a r n i n g  sh o u ld  n o t  be 
an  e x c lu s iv e  way o f  l e a r n in g  f o r  a l l  c h i l d r e n  n o r  f o r  any 
s i n g l e  c h i l d ,  even  though  he may p r e f e r  l e a r n i n g  i n  c r e a t i v e  
ways and l e a r n  l i t t l e  when we i n s i s t  t h a t  h e  l e a r n  e x c lu s i v e l y  
by a u t h o r i t y .

Among th e  i n f e r e n c e s  o f  T o r r a n c e 's  p r e c e d in g  comments d e t e c t e d  

by th e  r e v o l u t i o n i s t s  i s  th e  n o t io n  t h a t  one i n s t r u c t i o n a l  approach  i s  

n o t  s u f f i c i e n t .  B ru n e r  (1966, p . 71) r e i n f o r c e s  t h i s  v iew  when he  d e 

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

an  e n l i g h te n e d  o p p o r tu n ism  i n  th e  m a t e r i a l s  and m ethods o f  i n s t r u c t i o n . "

E x p l i c i t l y ,  T o r ra n c e  f u r t h e r  s u g g e s t s  t h a t  an  i n d i v i d u a l ' s  m o t i 

v a t i o n a l  l e v e l  and a b i l i t i e s  a r e  th e  v a r i a b l e s  w hich  i d e n t i f y  th e  i n 

s t r u c t i o n a l  a p p ro a c h  t h a t  w i l l  p ro v id e  th e  m ost e f f e c t i v e  l e a r n in g  r e 

s u l t s .  A d m it t in g  c o n j e c t u r e  in  p a r t ,  Kagan (1965, p . 561) c la im s  t h a t  

th e  method o f  d i s c o v e r y  i s  m ost a p p r o p r i a t e  f o r  h i g h ly  m o t iv a te d  o l d e r
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c h i l d r e n  and l e a s t  a p p r o p r i a t e  f o r  younger  c h i l d r e n  who do n o t  have  h ig h  

m o t iv a t io n  to  m a s te r  i n t e l l e c t u a l  t a s k s .

T o r ra n c e  (1965b, p . 2 0 1 ) ,  i n  a n sw e r in g  th e  q u e s t io n ,  "Why m easure  

th e  c r e a t i v e  b e h a v io r  i n  c h i l d r e n ? " ,  i s o l a t e s  one o f  th e  a b i l i t i e s  o f  

which th o se  p e r s o n s  concerned  w i th  th e  l e a r n i n g  o f  m athem a tic s  sh o u ld  be 

c o g n iz a n t .  He r e s p o n d s ,  " C h i ld re n  who s c o re  h ig h  on m easu res  o f  c r e a t i v e  

b e h a v io r  . . . p r e f e r  to  l e a r n  i n  c r e a t i v e  ways r a t h e r  th a n  by a u t h o r i t y ,  

by spon taneous  r a t h e r  th a n  d e l i b e r a t e  w ays, by d i s c o v e ry  r a t h e r  t h a n  by 

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

R e v o l u t i o n i s t s  a r e  e l a t e d  w i th  T o r r a n c e 's  r e sp o n se  s in c e  i t  i s  

com p a t ib le  w i th  t h e i r  p o s i t i o n  on d i s c o v e r y  t e a c h in g  as  w e l l  as  p r e s e n t  

e d u c a t io n a l  o b j e c t i v e s  o f  th e  s c h o o l .  L o g i c a l ly ,  one can assume t h a t  

th e  r e v o l u t i o n i s t s  w ould deduce t h a t  a  c r e a t i v i t y  index  m igh t  p o s s i b l y  

be th e  m easure  o f  human v a r i a b i l i t y  t h a t  b e s t  c o r r e l a t e s  w i th  s u c c e s s  i n  

th e  new m a th e m a tic s .

However, i f  T o r ra n c e  i s  adhe red  t o ,  c o n s i d e r a t i o n  o f  o t h e r  a b i l 

i t i e s  i s  i m p e r a t iv e .  Kramer (1966, p . 3 9 3 ) ,  i n  p o i n t i n g  o u t  th e  m easure  

o f  human v a r i a b i l i t y  t h a t  h as  been  h e a v i l y  r e l i e d  on f o r  p r e d i c t i o n  o f  

su c c e s s  i n  m a th e m a t ic s ,  c a u t i o u s l y  c o n c lu d e s ,  "Though an i n t e l l i g e n t  

c h i l d  u s u a l l y  p e rfo rm s  q u i t e  w e l l  i n  m a th e m a t ic s ,  th e  p u p i l ' s  IQ does  n o t  

ap p e a r  to  be an  i n f a l l i b l e  b a s i s  f o r  p r e d i c t i n g  h i s  su c ce s s  in  m athem at

i c a l  co m p u ta tio n  and p roblem  s o l v i n g . "

A n a ly s is  o f  T o r ra n c e ,  Kagan, and K ra m e r 's  th o u g h ts  p ro d u ce s  a  do 

main f o r  s u b seq u e n t  r e s e a r c h  f o r  th o se  r e v o l u t i o n i s t s  d e lv in g  i n t o  th e  

l e a r n in g  o f  m a th e m a t ic s .  R esearch  to  d a t e  h a s  en d o rsed  d i s c o v e r y  t e a c h 

ing  f o r  some s t u d e n t s .  The new m athem a tic s  h a s  b e e n ,  h o p e f u l l y ,  d e s ig n e d  

f o r  a l l  s t u d e n t s .  Hence, th e  q u e s t i o n s :  I s  d i s c o v e r y  t e a c h in g  th e  m ost
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e f f e c t i v e  f o r  a l l  s tu d e n t?  I f  n o t ,  th e n  what a r e  th e  a b i l i t i e s  o f  t h i s  

g roup  and w hat a l t e r n a t i v e  t e a c h in g  a p p ro a c h e s  sh o u ld  be used?

P r e s e n t l y ,  answ ers  to  t h e s e  q u e s t i o n s  a r e  n o n e x i s t e n t ,  b u t  

J a c k s o n  (1962, p . 86) g e n e r a l i z e s  a  s o l u t i o n  t h a t  g e n e r a te s  a  f u r t h e r  

q u e s t i o n .  He s t a t e s ,

A . . . s t e p  toward a  more p r o d u c t iv e  v iew  o f  th e  t e a c h in g  
p r o c e s s  m ig h t  be to  abandon o u r  u n i v a r i a t e  approach  to  i n q u i r y  
i n  f a v o r  o f  a  m u l t i v a r i a t e  one . . . .  P e rhaps  c e r t a i n  t y p e s  
o f  t e a c h e r s  u s in g  c e r t a i n  ty p e s  o f  m ethods ,  work b e s t  w i th  
c e r t a i n  ty p e s  o f  s tu d e n t s  g iv e n  c e r t a i n  ty p e s  o f  e d u c a t io n a l  
g o a l s .

The e x te n d e d  q u e s t i o n  i s ,  "What t y p e s ? "

The Study

In  t h i s  s tu d y ,  c o n s i d e r a t i o n  was g iv e n  to  human v a r i a b i l i t y  in  

th e  a r e a s  o f  i t s  m easurem ent—c r e a t i v i t y  and i n t e l l i g e n c e ;  th e  c u r r i c u 

lum i n  e le m e n ta ry  sc h o o l  m a th e m a tic s ;  and  th e  t e a c h e r  em ploy ing  th e  d i s 

c o v e ry  app ro ach  to  t e a c h in g  m a th e m a t ic s .  The s tu d y  in c lu d e s  f i v e  s e g 

m en ts :  i n t r o d u c t i o n ,  rev ie w  o f  l i t e r a t u r e ,  m ethodology , a n a l y s i s  o f

d a t a ,  and summary. G e n e ra t io n  o f  th e  s tu d y  emanated from a  s y n t h e s i s  o f  

i d e a s  j u s t  p r e s e n t e d ,  t o g e t h e r  w i th  th e  f o l lo w in g  q u e s t i o n s :

1. What i s  th e  r e l a t i o n s h i p  o f  c r e a t i v i t y  to  i n t e l l i g e n c e ?

2. I s  d i s c o v e r y  te a c h in g  more e f f e c t i v e  w i th  th e  more

c r e a t i v e  s tu d e n t s  th a n  w i th  l e s s  c r e a t i v e  s t u d e n t s ,  

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

3. Do th e  b e t t e r  a c h ie v e r s  i n  e le m e n ta ry  sc h o o l  m a th e m a t ic s  

have  a  h i g h e r  c r e a t i v i t y  in d ex  o r  a h i g h e r  i n t e l l i g e n c e  

index?

4. Should  th e  d i s c o v e r y  app roach  be th e  o n ly  app ro ach  u sed

i n  th e  t e a c h in g  o f  e le m e n ta ry  s c h o o l  m athem atics?
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S ta te m e n t  o f  th e  Problem 

How do a  c r e a t i v i t y  in d e x  and p e rfo rm ance  compare w i th  an  i n 

t e l l i g e n c e  in d e x  and p e rfo rm a n c e  i n  an  e le m e n ta ry  s c h o o l  m ath em a tic s  

p rogram  t h a t  i s  t a u g h t  by t e a c h e r s  em ploying th e  d i s c o v e r y  t e a c h in g  

app roach?

S ta te m e n t  o f  th e  Purpose  

The p u rp o se  o f  t h i s  s tu d y  was t o  examine th e  p o s s i b i l i t y  t h a t  

a  d i a g n o s i s  o f  an  i n d i v i d u a l ' s  c r e a t i v i t y  and i n t e l l i g e n c e  in d i c e s  

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

u a l  would  i n c lu d e  a  t e a c h in g  app ro ach  c o m p a t ib le  w i th  h i s  more dom inant 

in d e x .  T h is  i s  an e x t r e m e ly  s e n s i t i v e  e d u c a t io n a l  p rob lem  which h a s  n o t  

b een  r e s o l v e d .  G e n e ra l ly  s p e a k in g ,  p ro p o n e n ts  o f  d i s c o v e r y  t e a c h in g  and 

l e a r n i n g  seem t o  f e e l  t h a t  i t  a p p l i e s  e q u a l l y  w e l l  to  a l l  l e a r n e r s ;  e . g . ,  

B r u n e r ' s  d i s c o u r s e  (1961) on d i s c o v e r y  i s  n o n e x c lu d in g .  C o n v e rse ly ,  

o t h e r  p s y c h o l o g i s t s  i m p l i c i t y  and  e x p l i c i t l y  recommend d i v e r s i f i e d  

a p p ro a c h e s  depend ing  upon th e  c h a r a c t e r i s t i c s  o f  th e  s t u d e n t s ;  e . g . ,  

A usubel (1 9 6 4 ) ,  acknow ledg ing  t h a t  d i s c o v e ry  h a s  a  p l a c e  among th e  r e p e r 

t o i r e  o f  a c c e p te d  t e c h n iq u e s  a v a i l a b l e  to  t e a c h e r s ,  c o n c lu d e s  t h a t ,  " th e  

i s s u e  i s  n o t  w h e th e r  i t  sh o u ld  o r  sh o u ld  n o t  be u se d  i n  t h e  c la s s ro o m , 

b u t  r a t h e r  f o r  what p u rp o se s  and under  w hat c o n d i t i o n s . "

H ypo theses

For p u rp o se s  o f  t h i s  s tu d y  th e  fo l lo w in g  h y p o th e s e s  w i l l  be  t e s t 

ed :

Hq- 1 When a  s u b j e c t i v e  e v a l u a t i o n  o f  p e rfo rm an ce  i n  m a th e m a tic s  

i s  made by t e a c h e r s  t h e r e  i s  no s i g n i f i c a n t  r e l a t i o n s h i p  

be tw een  i n t e l l i g e n c e  and m a th e m a t ic a l  pe rfo rm ance  i n :
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a .  r e a s o n in g

b . n u m era tio n

c . s t r u c t u r a l  a s p e c t s  o f  number system s

d. co m p u ta tio n

e .  g e n e r a l  (com posite  e v a lu a t i o n )

Hq- 2 When a  s u b j e c t i v e  e v a l u a t i o n  o f  pe rfo rm ance  i n  m athem a tic s  

i s  made by t e a c h e r s  t h e r e  i s  no s i g n i f i c a n t  r e l a t i o n s h i p  

betw een c r e a t i v i t y  and m a th e m a t ic a l  perfo rm ance in :

a .  r e a s o n in g

b .  n u m era tio n

c. s t r u c t u r a l  a s p e c t s  o f  number system

d. com pu ta tion

e .  g e n e r a l  (com posite  e v a lu a t i o n )

Hq- 3 When g a in  (grow th) i s  d e te rm in e d  by p r e -  and p o s t - t e s t

m easu res  o f  a  s t a n d a r d iz e d  a r i t h m e t i c  ach ievem ent b a t t e r y  

t h e r e  i s  no s i g n i f i c a n t  r e l a t i o n s h i p  betw een i n t e l l i g e n c e  

and g a in  in :

a .  m a th e m a t ic a l  c o n c e p ts

b . m a th e m a t ic a l  problem  s o lv in g

c . com posite  m a th e m a t ic a l  change

Hq- 4 When g a in  (grow th) i s  d e te rm in e d  by p r e -  and p o s t - t e s t

m easu res  o f  a  s t a n d a r d iz e d  a r i t h m e t i c  ach ievem ent b a t t e r y  

t h e r e  i s  no s i g n i f i c a n t  r e l a t i o n s h i p  betw een c r e a t i v i t y  

and g a in  in :

a .  m a th e m a t ic a l  c o n c ep ts

b . m a th e m a t ic a l  problem  s o lv in g

c .  com pos i te  m a th e m a tic a l  change
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Hq- 5 There  i s  no s i g n i f i c a n t  r e l a t i o n s h i p  betw een a  "combined 

in d ex  o f  ' c r e a t i v i t y  and i n t e l l i g e n c e '  and com pos i te  

p e rfo rm ance  i n  e le m e n ta ry  sc h o o l  m a th e m a t ic s "  when 

pe rfo rm ance  i s  d e te rm in e d  by:

a .  th e  t e a c h e r s '  s u b j e c t i v e  e v a l u a t i o n

b . growth a s  m easured  by a s t a n d a r d i z e d  a r i t h m e t i c  

ach ievem en t  b a t t e r y

S u b je c t s

U n i v e r s i t y  E le m e n ta ry  School i s  a  l a b o r a t o r y  sc h o o l  e n r o l l i n g  up 

to  t w e n ty - f iv e  s tu d e n t s  i n  each  g ra d e ,  k i n d e r g a r t e n  th rough  Grade 6 . The 

s u b j e c t s  o f  t h i s  s tu d y  were th e  s i x t y - n i n e  s tu d e n t s  i n  th e  i n t e r m e d ia t e  

d i v i s i o n  o f  th e  s c h o o l .  Hence, m ost o f  th e  s u b j e c t s  were i n  th e  n i n e - t o -  

e le v e n  age r a n g e ,  a l th o u g h  a few w ere tw e lve  y e a r s  o f  age .  The f o l lo w in g  

d a ta  w ere o b t a in e d  f o r  each  s u b j e c t :  an i n t e l l i g e n c e  q u o t i e n t ,  a c r e a 

t i v i t y  in d ex ,  an  o b j e c t i v e  and  s u b j e c t i v e  m easure  o f  pe rfo rm ance  i n  m ath 

e m a t ic s .

In s t r u m e n ts  and P rocedu re

The in s t r u m e n ts  u sed  were th e  L o rge-T hornd ike  I n t e l l i g e n c e  T e s t

(19 6 2 ) ,  he T o rran ce  T e s t s  o f  C r e a t iv e  T h in k in g  (19 6 6 ) ,  th e  a r i t h m e t i c  

s e c t i o n  o f  th e  Iowa T e s t  o f  B as ic  S k i l l s  ( L in d q u i s t ,  1964), and a  s u b 

j e c t i v e  r a t i n g  o f  each  s u b j e c t s ' s  s u c c e s s  i n  m ath e m a tic s  a s  p e r c e iv e d  by 

h i s  m a th e m a tic s  t e a c h e r .  The i n t e l l i g e n c e  and ach ievem en t  t e s t s  w ere 

a d m in i s t e r e d  a s  p a r t  o f  th e  s c h o o l ' s  r e g u l a r  t e s t i n g  program . C r e a t i v i t y  

t e s t s  were a d m in is t e r e d  by th e  chairm an  ( s u p e r v i s i n g  t e a c h e r )  o f  t h e  i n t e r 

m e d ia te  d i v i s i o n  o f  th e  s c h o o l  i n  a c co rd a n ce  w i th  th e  s u g g e s te d  p ro c e d u r e s  

o u t l i n e d  by T o r ra n c e  and h i s  s t a f f .  The s u b j e c t i v e  r a t i n g  was c a t e g o r i z e d
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a s  m o d e ra te ly  s u c c e s s f u l ,  s u c c e s s f u l ,  and v e ry  s u c c e s s f u l .

S t a t i s t i c s

To t e s t  th e  h y p o th e s e s  raw d a ta  w ere c o n v e r t e d  to  s c o r e s  which 

w ere u s a b le  i n  employment o f  th e  c h i  sq u a re  s t a t i s t i c  f o r  s i g n i f i c a n t  

r e l a t i o n s h i p .  I n  p a r t i c u l a r ,  th e  m edian s c o re  o f  each  in d ex ,  c r e a t i v i t y  

and i n t e l l i g e n c e ,  was u se d  to  check th e  r e l a t i o n s h i p  to  p e rfo rm an ce  i n  

m a th e m a t ic s .

I n d i c e s  o f  p e rfo rm an ce  i n  m athem a tic s  w ere  o f  two ty p e s .  The 

f i r s t ,  t e a c h e r  e v a l u a t i o n ,  was th e  f re q u e n c y  o f  each  ra n k :  m o d e ra te ly

s u c c e s s f u l ,  s u c c e s s f u l ,  o r  v e ry  s u c c e s s f u l  f o r  f i v e  c a t e g o r i e s  o f  m ath 

e m a t ic a l  p e rfo rm a n c e .  Mean g a in  in  m onths f o r  th e  sample i n  each  o f  

t h r e e  pe rfo rm ance  c a t e g o r i e s  was th e  in d ex  u se d  f o r  th e  second  ty p e  as  

d e r iv e d  from a s t a n d a r d i z e d  ach ievem en t t e s t .

D e f i n i t i o n s

I n s t r u c t i o n . One segment o f  p r o f e s s i o n a l  e d u c a t io n .  For p u r 

p o se s  o f  a n a l y s i s  (Gage, 1964 ) ,  i n s t r u c t i o n  i s  c o n s id e r e d  i n  te rm s  o f  

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

o f  th e  l e a r n i n g  p r o c e s s ,  and f a m i l i e s  o f  l e a r n i n g  th e o r y .  When v iew ed 

co m p re h e n s iv e ly ,  i t  i s  s a i d  to  be concerned  w i t h  l i f e ,  s u b s ta n c e ,  and 

p r o c e s s ;  o r  i n  term s o f  know ledge, i n s t r u c t i o n  i s  c o n c e rn e d  w i t h  th e  

n a tu r e  o f  knowledge, th e  knower, and th e  k n o w le d g e -g e t t in g  p r o c e s s .

I n d i v i d u a l i z e d  i n s t r u c t i o n . The s t e p s  t a k e n  to  m eet th e  needs  

o f  p u p i l s ,  each  b e in g  a  u n iq u e  i n d i v i d u a l .  "These s t e p s  (Clymer and 

K earney , 1962, p . 268) . . . in v o lv e  th e  s e l e c t i o n  and  o r g a n i z a t i o n  o f  

c o n te n t  . . . / a n d /  th e  c r e a t i o n  o f  s i t u a t i o n s  i n  w h ich  p u p i l s  w i l l  

work and be c o n s id e r e d  b o th  a s  i n d i v i d u a l s  and a s  members o f  g r o u p s . "
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The a c t  o f  t e a c h i n g . C h a r a c t e r i z e d  by c e r t a i n  a c t i v i t i e s  and com

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

an e d u c a t i o n a l  o b j e c t i v e .  H ence, t e a c h in g  i s  one  segment o f  i n s t r u c t i o n .

D isc o v e ry  th ro u g h  i n q u i r y . One app ro ach  t o  t e a c h in g .  T h is  

app ro ach  (B ru n e r ,  1961) p r o v id e s  a c t i v i t i e s  t h a t  cau se  th e  l e a r n e r  to  

r e a r r a n g e  o r  t r a n s fo r m  e v id e n c e  i n  such a  way t h a t  one i s  e n a b le d  to  go 

beyond th e  e v id e n c e  so r e a s s e m b le d  to  new i n s i g h t s .

R e c e p t io n  v i a  e x p o s i t i o n . One app roach  to  t e a c h in g ,  o f t e n  i d e n t i 

f i e d  a s  l e a r n i n g  by a u t h o r i t y .  T h is  approach  (A usube l,  1963, p . 16) i s  

u sed  when a  t e a c h e r  p r e s e n t s  to  th e  l e a r n e r ,  i n  f i n a l  form, th e  e n t i r e  

c o n te n t  o f  vhat i s  to  be l e a r n e d .

I n t e l l i g e n c e . Thought o f  a s  th e  a b i l i t y  to  work w i th  i d e a s  and 

th e  r e l a t i o n s h i p s  among id e a s  (Lorge and T h o rn d ik e ,  1962, p. 2 ) .

C r e a t iv e  t h i n k i n g — c r e a t i v i t y . Takes p l a c e  i n  th e  p r o c e s s  o f  

s e n s in g  d i f f i c u l t i e s ,  p ro b le m s ,  gaps i n  i n f o r m a t io n ,  m is s in g  e le m e n ts ,  

making g u e s s e s  o r  f o r m u la t in g  h y p o th e s e s  a b o u t  t h e s e  d e f i c i e n c i e s ;  t e s t 

in g  t h e s e  g u e s se s  and p o s s i b l y  r e v i s i n g  and r e t e s t i n g  them; and f i n a l l y  

in  com m unicating th e  r e s u l t s  (T o r ra n c e ,  1965c, p . 8 ) .

E lem en ta ry  s c h o o l  m a th e m a t ic s .  A program  c h a r a c t e r i z e d  by new 

c o n te n t  a s  w e l l  a s  c o n te n t  from  t r a d i t i o n a l  p rogram s i n  a r i t h m e t i c ,  a 

t e a c h in g  app ro ach  i d e n t i f i e d  a s  d i s c o v e r y  th ro u g h  i n q u i r y ,  u t i l i z a t i o n  

o f  m a th e m a t ic a l ly  p r e c i s e  v o c a b u la ry ;  th e  t e l e s c o p i n g  (moving t o p i c s  down

ward) o f  m a t e r i a l ;  and t h i n k i n g  o f  th e  program  a s  segm ents o f  d i f f e r e n t  

m a th e m a t ic a l  system s w i th  em phasis  on th e  s t r u c t u r a l  a s p e c t s  o f  th e  s y s 

tems.
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A ssum ptions

F o r  th e  p u rp o se s  o f  t h i s  s tu d y  th e  fo l lo w in g  a ssu m p tio n s  have 

been a p p l i e d :

1. That th e  g a in s  a t t a i n e d  i n  th e  Iowa T e s t  o f  B as ic  

S k i l l s  ( L in d q u i s t ,  1964) a r i t h m e t i c  s e c t i o n  a r e  an  

o b j e c t i v e  m easure  o f  th e  s t u d e n t ' s  s u c c e s s  i n  

m a th e m a tic s .

2 .  T ha t  th e  t e a c h e r ' s  e v a lu a t i o n  o f  each  s tu d e n t  i s  a 

s u b j e c t i v e  in d e x  o f  th e  s t u d e n t ' s  pe rfo rm ance  in  

m a th e m a tic s .

3 . Tha t th e  L o rge -T ho rnd ike  I n t e l l i g e n c e  T e s t  (1962) 

m easu res  i n t e l l i g e n c e  a c c o rd in g  to  th e  d e f i n i t i o n  

used  i n  t h i s  s tu d y .

4 . T ha t th e  T o rran ce  T e s t s  o f  C r e a t iv e  T h ink ing  (1966a) 

p r o v id e s  a c r e a t i v i t y  index  c o m p a t ib le  w i th  the  

a c c e p te d  d e f i n i t i o n  o f  c r e a t i v i t y .

5. T ha t th e  t e a c h e r s  in v o lv e d  i n  t h i s  s tu d y  a r e  com petent 

i n  e le m e n ta ry  sc h o o l  m athem atics  a s  d e f in e d  and a r e  

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

6. Tha t th e  c o n te n t  t a u g h t  i s  r e p r e s e n t a t i v e  o f  the  

c o n te n t  used  i n  th e  e x p e r im e n ta l  m a th em a tic s  program .

7. T ha t th e  s u b j e c t s  o f  th e  sample a r e  w e l l  o r i e n t e d  i n  

th e  s tu d y  o f  t h e  "new m a th e m a t ic s . "

J u s t i f i c a t i o n

The r e s u l t s  o f  t h i s  s tu d y  may p o s s ib l y  s u g g e s t  c lu e s  f o r  i n c r e a s 

ing  i n d i v i d u a l i z e d  i n s t r u c t i o n  in  th e  s c h o o ls .  T ha t i s ,  the  f a c t o r  o f
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a  t e a c h in g  app roach  c o m p a t ib le  w i th  a  s t u d e n t ' s  c r e a t i v i t y  o r  i n t e l l i 

gence h a s  s i g n i f i c a n c e  f o r  th e  e d u c a t io n a l  " d i a g n o s i s  o f  and p r e s c r i p t i o n  

f o r "  th e  i n d i v i d u a l .

R ecen t  i n f e r e n c e  t h a t  th e  " r e v o l u t i o n  i n  s c h o o l  m a th e m a t ic s "  h a s  

p r o g re s s e d  from  a s t a g e  in  which c o n te n t  r e c e i v e d  th e  p r i o r i t y  to  th e  

c u r r e n t  s e t t i n g  i n  w hich c o n te n t  i s  c o n s id e r e d  tan ta m o u n t  to  and s im u l 

tan eo u s  w i th  how s t u d e n t s  l e a r n  m a th e m a t ic s ,  i s  p e r t i n e n t  to  th e  j u s t i f i 

c a t i o n  o f  t h i s  s tu d y .  There  i s  a l s o  p o s s i b l e  i l l u m i n a t i o n  on th e  v a 

l i d i t y  o f  th e  r e v o l u t i o n ' s  a l l e g i a n c e  to  d i s c o v e r y  t e a c h in g ,  o r  th e  l a c k  

o f  v a l i d i t y  s in c e  s k e p t i c s  such  a s  A usubel (1963, p . 17) co n te n d  t h a t  

" d i s c o v e ry  t e c h n i c s  h a r d l y  c o n s t i t u t e  an  e f f i c i e n t  p r im ary  means o f  

t r a n s m i t t i n g  th e  c o n te n t  o f  an  academ ic d i s c i p l i n e . "

F u r t h e r ,  th e  s tu d y  may p ro v id e  r e s e a r c h  in f o r m a t io n  t h a t  shows 

a  r e l a t i o n s h i p  among and be tw een  th e  phenomena o f  i n t e l l i g e n c e ,  c r e a 

t i v i t y ,  a ch iev em en t  i n  m a th e m a t ic s ,  and d i s c o v e r y  t e a c h in g .  The v a lu e  

o f  such d a ta  i s  n o te d  by  Xumsdaine (1964, p . 3 9 3 ) ,  who s t a t e s :

I n  v iew  o f  th e  c o m p le x i ty  o f  human l e a r n i n g  and th e  d i v e r s i t y  
o f  human l e a r n in g  t a s k s ,  we can e x p e c t  to  f i n d  r e l a t i v e l y  few 
g e n e r a l i z a t i o n s  t h a t  h o ld  f o r  a l l  c l a s s e s  o f  i n s t r u c t i o n a l  ob
j e c t i v e s ,  a l l  c l a s s e s  o f  l e a r n e r s ,  and a l l  c o n d i t i o n s  o f  i n s t r u c 
t i o n .  R a th e r ,  what i s  l i k e l y  to  be m ost needed  i s  a  s e r i e s  o f  
c o n t i n g e n t  g e n e r a l i z a t i o n s  t h a t  ta k e  a c c o u n t  o f  th e  i n t e r a c t i o n  , 
o f  v a r i a b l e s .  E x p e r im e n ta l ly ,  t h i s  p o s i t i o n  a rg u e s  f o r  f a c t o r i a l  
e x p e r im e n ts  in  which two o r  more v a r i a b l e s  a r e  s tu d i e d  in  combi
n a t i o n ,  so t h a t  q u a l i f i c a t i o n s  on a  g e n e r a l i z a t i o n  can  be d e 
te rm in e d .

F i n a l l y ,  th e  d a t a  c o l l e c t e d  i n  t h i s  s tu d y  may have i m p l i c a t i o n s  

f o r  B r u n e r 's  (1966) work on i n s t r u c t i o n a l  th e o r y .  S p e c i f i c a l l y ,  th e  

r e s u l t s  co u ld  show t h a t  th e  need i s  f o r  t h e o r i e s ,  r a t h e r  th a n  a  th e o r y ,  

o f  i n s t r u c t i o n  c o m p a t ib le  w i th  th e  d i f f e r e n t  t h e o r i e s  o f  l e a r n i n g .  On 

th e  o t h e r  hand , by c o n s id e r in g  a  th e o ry  o f  i n s t r u c t i o n  from th e  u n i t y
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v ie w p o in t ,  t h e  s tu d y  may have  s u g g e s t io n s  f o r  t h e  r a t i o  o f  d i s c o v e r y  to  

r e c e p t i o n  t e a c h in g  a s  G e t z e l s  and Jack so n  (1962, pp. 130-131) s u g g e s t ;

We need to  d i s t i n g u i s h  . . . be tw een  u s i n g  r e p e t i t i o n  o r  _  
d i s c o v e r y  a s  th e  i n s t r u c t i o n a l  method . . . /_The d i s t i n c t i o n  i s /  
m e re ly  to  s e t  ex trem e  p o i n t s  a lo n g  which i n d i v i d u a l  c h a r a c t e r i s t i c s  
and e d u c a t io n a l  p r a c t i c e s  ten d  to  be d i s t r i b u t e d .  The i s s u e  i s  
n o t  " e i t h e r / o r "  b u t  "how f a r  toward one/how f a r  tow ard th e  o t h e r . "



CHAPTER I I  

REVIEW OF LITERATURE 

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

T h is  and th e  two f o l lo w in g  c h a p te r s  c o n t a i n  i d e a s  and in fo r m a t io n  

o b t a i n e d  from re v ie w in g  th e  l i t e r a t u r e - - r e s e a r c h  and t h e o r e t i c a l - - r e l e -  

v a n t  t o  th e  s tu d y .  S p e c i f i c a l l y ,  th e  a r e a  o f  d i s c o v e r y  and m athem a tic s  

e d u c a t io n  i s  c o n s id e r e d  h i s t o r i c a l l y  i n  te rm s o f  p h i l o s o p h i c a l ,  p sycho 

l o g i c a l ,  and p e d a g o g ic a l  v iew s and  p r a c t i c e s .  F u r t h e r  c o n c e rn  w i th  d i s 

c o v e ry  i s  r e p o r t e d  by e x a m in a t io n  o f  r e s e a r c h  d e a l i n g  w i th  t h e  phenom

enon d u r in g  t h i s  c e n tu r y .

C r e a t i v i t y  and i n t e l l i g e n c e ,  th e  second segm ent, i s  couched in  

th e  c o n c e p t  o f  human v a r i a b i l i t y .  P i a g e t ' s  v iew s o f  d ev e lo p m en ta l  

p sy c h o lo g y  were s e l e c t e d  a s  a  b a s i s  f o r  th e  d i s c u s s i o n  o f  i n t e l l i g e n c e .

The v iew s o f  o t h e r  p s y c h o l o g i s t s  cou ld  have  a s  r e a d i l y  been  u t i l i z e d ,  

b u t  P i a g e t ' s  seemed more r e l e v a n t  to  t h i s  s tu d y .  Em anating from t h i s  i s  

a d i s c u s s i o n  o f  i n t e l l e c t u a l  f u n c t i o n in g  i n  w hich  G u i l f o r d  i s  r e l i e d  on 

f o r  th e  t h e o r e t i c a l  s t r u c t u r e  t h a t  c o n ta in s  th e  domain o f  a c t i v i t y  named 

c r e a t i v i t y .

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

t h i r d  s e g m e n t- -C h a p te r  4 . These r e p o r t s  a r e  c o n c e rn e d  w i th  th e  v a r i a b l e s  

o f  c r e a t i v i t y ,  i n t e l l i g e n c e ,  and a ch iev em en t— i n  g e n e r a l  and i n  m a th e m a tic s .  

P e rhaps  i t  sh o u ld  be n o te d  t h a t  no e v id e n c e  was found t h a t  c r e a t i v i t y ,  i n -
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t e l l l g e n c e ,  ach iev em en t ,  and d i s c o v e ry  had  e v e r  been  s tu d i e d  c o l l e c t i v e l y .

D isc o v e ry  and M athem atics  E d u c a t io n

To th e  n o v ice  In  e d u c a t io n ,  d i s c o v e ry  I s  a  term  t h a t  I s  u se d  as  

r e a d i l y  t o  m odify  " l e a r n i n g "  a s  to  m odify " t e a c h i n g . "  He a l s o  t e n d s  to  

b e l i e v e  t h a t  th e  c o n c ep t  o f  d i s c o v e r y  I s  a  new and un ique  e d u c a t io n a l  

Id e a  I n t r o d u c e d  by c u r r e n t  c u r r i c u l a r  re fo rm . C e r t a i n l y ,  d i s c o v e r y  I s  

a common component o f  con tem pora ry  e x p e r im e n ta l  p rogram s, b u t  I t  h a s  a 

r a t h e r  n a t u r a l  e v o lu t io n a r y  h i s t o r y ,  r a t h e r  th a n  b e in g  a  g ran d  and I n 

s i g h t f u l  In n o v a t io n .

I n  m athem atics  e d u c a t io n  (e le m e n ta ry  s c h o o l ) , th e  e v o l u t i o n  I s  

a p p a r e n t  by n o t in g  th e  s h i f t s  from one em phasis  to  a n o th e r  d u r in g  th e  

tw e n t i e t h  c e n tu r y .  P h i l o s o p h i c a l l y ,  t h e r e  was e v id e n c e ,  e a r l y  In  th e  

c e n tu r y ,  t h a t  th e  J u s t i f i c a t i o n  o f  a r i t h m e t i c  In  th e  c u r r ic u lu m  was 

s h i f t i n g  from the  th e o ry  o f  m e n ta l  d i s c i p l i n e  to  th e  th e o ry  o f  s o c i a l  

u t i l i t y  ( q u i t e  I n d i c a t i v e  o f  th e  em erging " P ro g r e s s iv e  E d u c a t io n  E ra "  

a s s u m p t io n ) . The fo rm er assumed t h a t  th e  c e n t r a l  pu rpose  o f  th e  s c h o o l  

was to  t r a i n  and d ev e lo p  th e  m ind, w hereas  the  s o c i a l  u t i l i t y  th e o r y  

I d e n t i f i e d  th e  c h i e f  p u rp o se  o f  th e  s c h o o l  to  be e q u ip p in g  th e  c h i l d  f o r  

l i f e  (W ilson , 1948).

D uring  World War I ,  S tone  (1918, p . 12) d e s c r ib e d  th e  p r e v a i l i n g  

n o t io n s  I n  m athem atics  e d u c a t io n :

The em phasis In  a r i t h m e t i c  I s  now p la c e d  upon th e  p r a c t i c a l  
v a lu e s  o f  th e  s u b j e c t .  T h a t  does n o t  mean t h a t  a l l  th e  o l d e r  
a lm s , a s  d i s c i p l i n e ,  p l e a s u r e ,  c u l t u r e ,  and  p r e p a r a to r y  v a l u e s ,  
a r e  now w h o lly  Ig n o re d ;  b u t  I t  does mean t h a t  th e  em phasis  h a s  
s h i f t e d  from th e s e  to  th e  p r a c t i c a l  In  th e  b ro ad  sense  o f  t h a t  
te rm . But In  sq d o in g ,  w h a te v e r  c la im s  o f  r e c o g n i t i o n  any o f  
th e  o l d e r  v a lu e s  h a v e ,  may be tak e n  c a re  o f  vdien te a c h in g  th e  
s u b j e c t  from th e  p r a c t i c a l  s t a n d p o in t .

R esea rch  f i n d i n g s  In  p sycho logy  and developm ents  In  l e a r n i n g
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t h e o r y  accom panied  th e  p h i l o s o p h i c a l  e v o l u t i o n  from  m en ta l  d i s c i p l i n e  to  

s o c i a l  u t i l i t y .  Seldom w ere p h i lo s o p h i c a l  and p s y c h o lo g ic a l  p o s i t i o n s  

c o r r e l a t e d ,  a l th o u g h  a n a l y s i s  r e v e a l s  t h a t  c o r r e s p o n d in g  e x tre m e s  were 

c o m p a t ib le .  I n  a r i t h m e t i c  th e  p s y c h o lo g ic a l  l i m i t s  were known a s  t h e  

d r i l l  t h e o r y  and m eaning t h e o r y ,  th e  d r i l l  t h e o r y  em anating  from th e  

c o n n e c t i o n i s t  v iew  o f  l e a r n i n g  t h a t  p a r a l l e l e d  th e  p h i lo s o p h ic  m e n ta l  

d i s c i p l i n e  theory^-

D r i l l  th e o r y  p o s s e s s e d  th e s e  c h a r a c t e r i s t i c s  (NCTM, 1935):  (1)

A r i th m e t i c  was a n a ly z e d  i n t o  many s e p a r a t e l y  c o n c e iv e d  u n i t s  o r  e le m e n ts  

o f  s k i l l .  (2-)-These e le m e n ts  w ere to  be m a s te r e d  by th e  s tu d e n t  a s  

r e l a t i v e l y  in d ep e n d e n t  a c t s  o f  s k i l l  which d id  n o t  need to  be u n d e rs to o d .  

(3) The m a s te r e d  c o n te n t  was i n  a  form t h a t  c o u ld  be used  e f f e c t i v e l y  

and e f f i c i e n t l y  by th e  a d u l t .  (4) The p r im a ry  means o f  m a s te ry  was fo rm a l  

r e p e t i t i o n .

From f i e l d  (o r  G e s t a l t )  v iew s emerged th e  n o t io n  o f  m eaning  th e o r y .  

I n  a r i t h m e t i c ,  meaning th e o r y  had  th e s e  c h a r a c t e r i s t i c s :  (1) A r i th m e t i c

was v iew ed a s  a  c l o s e l y  k n i t  sys tem  o f  i d e a s ,  p r i n c i p l e s ,  and p r o c e s s e s .

(2) T h is  sys tem  had  an o r g a n iz e d ,  l o g i c a l  s t r u c t u r e  which c o u ld  be u n d e r 

s to o d  by th e  s tu d e n t .  (3) A r i th m e t i c  l e a r n i n g  c o n s i s t e d  o f  u n d e r s t a n d in g  

number r e l a t i o n s  and th e  m a th e m a t ic a l  s i g n i f i c a n c e  o f  q u a n t i t a t i v e  s i t u a -  , 

t i o n s .  (4) R e p e t i t i o n  was v a lu a b l e  f o r  d e v e lo p in g  s k i l l s  a f t e r  u n d e r 

s t a n d in g  had  been  a c h ie v e d  o r  g e n e r a l i z a t i o n s  made.

N a t u r a l  c o r o l l a r i e s  to  d r i l l  and m eaning i n  l e a r n in g  th e o r y  were 

th e  r e s p e c t i v e  i n f e r e n c e s  f o r  i n s t r u c t i o n a l  p r o c e d u r e .  C o n n e c t io n i s t  

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

p r o c e d u r e s :  (1) a n a l y s i s  o f  a r i t h m e t i c  i n t o  i t s  c o n s t i t u e n t  e le m e n ts ,

(2) p r e s e n t a t i o n  o f  each  e le m en t  to  th e  l e a r n e r  a s  a  s p e c i f i c  s i t u a t i o n .
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and (3) f i x i n g  re s p o n s e  to  each  s i t u a t i o n  th ro u g h  a c c e p t a b l e  d r i l l .

S i m i l a r l y  th e  a p p l i c a t i o n  o f  f i e l d  th e o r y  t o  a r i t h m e t i c  p ro v id e d  

t h r e e  p r i n c i p l e s :  (1) u se  o f  th e  number sy s tem  a s  a  sys tem , (2) d i s c o v 

e r y  o f  r e l a t i o n s  and f o r m u la t io n  o f  g e n e r a l i z a t i o n s  c o n c e rn in g  t h i s  

sy s tem  th ro u g h  e x p e r ie n c e  w i th  i t ,  and (3) t e s t i n g  and f i x i n g  t h e s e  

g e n e r a l i z a t i o n s  th ro u g h  r e p e a te d  a p p l i c a t i o n .

S in c e  i t s  c o n c e p t io n ,  m eaning th e o r y  i n  a r i t h m e t i c  h a s  b e e n  a 

c o n t r o v e r s i a l  i s s u e .  However, i t  h a s  sepved  a s  a c a t a l y s t  f o r  change 

and s u b s e q u e n t  improvement i n  m ath em a tic s  e d u c a t io n .  C o n t r o v e r s i a l l y ,  

i t  h a s  been  compared t o  th e  p h i l o s o p h i c a l  t h e o r i e s  o f  m en ta l  d i s c i p l i n e  

o r  s o c i a l  u t i l i t y  i n  a r i t h m e t i c .  W ilson  (1948, p. 333) s t a t e s :

O bv ious ly  t h e r e  i s  no "meaning t h e o r y . " A l l  good t e a c h in g ,  
r e g a r d l e s s  o f  ty p e  o f  m a t e r i a l ,  i s  b a sed  upon c l e a r  u n d e r s t a n d in g .
No good t e a c h e r  d r i l l s  o r  c a r r i e s  on any ty p e  o f  t e a c h in g  when 
m eaning  i s  a b s e n t .  M eaning i s  n o t  a  t h e o r y ,  b u t  i t  i s  a  c o n d i t i o n  
f o r  any e f f e c t i v e  t e a c h in g  o r  l e a r n in g .

P ro p o n e n ts  o f  m eaning th e o ry  were s e c o n d a r i l y  concerned  w i th  

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

s p o n s ib l e  f o r  th e  emergence o f  a d u a l  p u rp o se  i n  e le m e n ta ry  s c h o o l  a r i t h 

m e t i c .  Dawson and R u d d e l l  (1955, p . 393) c a p tu r e  t h i s  id e a  when a s s e r t i n g  

t h a t :

I t  i s  now g e n e r a l l y  a g re e d  t h a t  t h e r e  a r e  two m ajo r  m u tu a l ly  
r e l a t e d  and in t e r d e p e n d e n t  p u rp o se s  f o r  a r i t h m e t i c  i n s t r u c t i o n :  
a  s o c i a l  p u rp o se  and  a  m a th e m a t ic a l  p u rp o s e .  The s o c i a l  aim  h a s  
t o  do w i th  t h e  a p p l i c a t i o n  o f  a r i t h m e t i c  to  th e  p r a c t i c a l  a f f a i r s  
o f  d a i l y  l i f e  . . . .  The m a th e m a t ic a l  aim  g iv e s  a r i t h m e t i c  i t s  
p r i n c i p a l  c o n te n t :  i d e a s ,  c o n c e p ts ,  r e l a t i o n s h i p s ,  p r i n c i p l e s ,
g e n e r a l i z a t i o n s ,  and th e  l i k e - - a l l  t h i s ,  i n  a d d i t i o n  to  th e  com
p u t a t i o n  s k i l l s  w hich  have  a lw ays been  t a u g h t .

C o n c u r re n t ly  "m eaning" n o t io n s  were making in ro a d s  i n t o  t h e  ped 

agogy o f  m ath e m a tic s  e d u c a t io n  a s  i l l u s t r a t e d  i n  th e  r e p o r t  o f  a  Los 

A nge le s  s tu d y  by M i l l e r  (1957 ):
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A lthough  l e a r n i n g  i n  a r i t h m e t i c  can be f a c i l i t a t e d  i n  many 
ways, two p redom inan t  m ethods a r e  used  c u r r e n t l y .  The f i r s t ,  th e  
r u l e  m ethod , i s  a  t e c h n iq u e  i n  which an  i n s t r u c t o r  s o lv e s  a  
p rob lem  and d e s c r i b e s  t h e  s p e c i f i c  r u l e s  to  be l e a r n e d  to  o b t a i n  
th e  s o l u t i o n  to  th e  p rob lem  . . . .  I n  th e  second , th e  m eaning 
m ethod, th e  i n s t r u c t o r  e x p l a i n s  a  p roblem  by r e f e r e n c e  to  con
c r e t e  exam ples ,  making u se  o f  d e f i n i t i o n s  and  p r i n c i p l e s  o f  
a r i t h m e t i c  . . . th e  fo rm er  p l a c e s  em phasis  upon th e  r u l e ,  th e  
l a t t e r  upon m eaning and u n d e r s t a n d in g .

These comments and c i t a t i o n s  a r e  i n d i c a t i v e  o f  th e  e v o lu t io n  

and f i n a l  s t a g e  o f  m a th e m a tic s  e d u c a t io n  i n  th e  t w e n t i e th  c e n tu ry  p r i o r  

t o  S p u tn ik  and th e  r e v o l u t i o n  i n  s c h o o l  m a th e m a tic s .  T o d a y 's  e le m e n ta ry  

s c h o o l  m a th e m a tic s  program s a r e  c h a r a c t e r i z e d  (H ardgrove , 1963, p. 32) by 

a  body o f  c o n te n t  which d i f f e r s  s i g n i f i c a n t l y  from p r e - r e v o l u t i o n  p rogram s.

B a s ic  t o p i c s  a r e  number sy s te m s ,  geom etry , m easurem ent, and p ro b 

lem s o lv i n g  which u t i l i z e  o t h e r  m a th e m a t ic a l  s t r a n d s  i n  t h e i r  d e v e lo p 

m ent. The o t h e r  s t r a n d s  a r e  l a b e l e d  a s  s e t s ,  l o g i c ,  f u n c t i o n s ,  and 

m a th e m a t ic a l  s e n te n c e s .  M a th em atic s  e d u c a to r s  ( C a l i f o r n i a ,  1963) con

te n d  t h e s e  l a t t e r  s t r a n d s  c o n t r i b u t e  to  c l a r i t y ,  p r e c i s i o n ,  and economy 

i n  l e a r n i n g  and t e a c h in g  m a th e m a t ic s .

Emphasis on s t r u c t u r e  (p .  7) i s  p ro b a b ly  th e  m ost n ove l  c h a r a c 

t e r i s t i c  o f  th e  new p rog ram s. Such an em phasis  c r e a t e s  an  im p l ie d  man

d a te  f o r  m eaning and u n d e r s t a n d in g .  To a t t a i n  t h i s  g o a l ,  r e v o l u t i o n i s t s ,  

a f t e r  r e v ie w in g  th e  sh o r tc o m in g s  o f  m en ta l  d i s c i p l i n e  i m p l i c a t i o n s  f o r  

t e a c h in g  a r i t h m e t i c  and th e  a p p a r e n t  s u c c e s s  o f  m eaning n o t io n s  i n  a r i t h 

m e t ic  t e a c h in g ,  h a v e ,  w i t h  l i t t l e  o r  no r e s e r v a t i o n ,  a d o p te d  d i s c o v e r y  

(pp. 7 , 8) a s  th e  a p p r o p r i a t e  t e a c h in g  mode. T h e r e f o r e ,  i t  i s  a s i g n i f i 

c a n t  program  c h a r a c t e r i s t i c .

From a  t h e o r e t i c a l  p o i n t  d i s c o v e r y  t e a c h in g  h a s  been  a d v o c a te d  

th ro u g h o u t  th e  c e n tu r y  ( i f  in d e e d  i t  canno t  be t r a c e d  t o  S o c r a t e s ) .

B ag ley  (1905, p . 262) and Young (1906, p . 70) show t h i s  i n  t h e i r  r e s p e c 
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t i v e  s t a t e m e n ts .

The p u p i l  i s  n o t  to  be  t o l d  b u t  l e d  to  see  . . . .  W hatever 
th e  p u p i l  g a in s ,  w h a te v e r  th o u g h t  c o n n e c t io n s  h e  works o u t ,  must 
be g a in e d  w i th  th e  c o n s c io u s n e s s  t h a t  h e ,  th e  p u p i l ,  i s  the  
a c t i v e  a g e n t — t h a t  he i s ,  i n  a sense  a t  l e a s t ,  t h e  d i s c o v e r e r .

The p u p i l  i s  e x p e c te d  in  a se n se  to  r e d i s c o v e r  th e  s u b j e c t ,  
though n o t  w i th o u t  p r o f i t  from th e  f a c t  t h a t  th e  r a c e  had  a l r e a d y  
d i s c o v e r e d  i t  . . .  . I t  i s  th e  f u n c t io n  o f  t h e  t e a c h e r  and th e  
t e x t  so to  p r e s e n t  th e  t h in g s  to  be done, so to  p ro p o se  th e  
p rob lem s to  be s o lv e d  t h a t  th ey  r e q u i r e  r e a l  d i s c o v e r y  on th e  
p a r t  o f  th e  p u p i l ;  t h a t  a t  th e  same tim e th e  s t e p s  a r e  w i t h i n  
h i s  power, and t h a t  he  a t t a i n s  i n  th e  end a good v iew  o f  th e  
whole  s u b je c t .

I f  d i s c o v e ry  h as  been  t h e o r e t i c a l l y  sound, why h a s  i t  n o t  become 

more commonly p r a c t i c e d  i n  th e  sc h o o ls?  Johnson  (1966) c o n je c tu r e s  t h a t  

t e a c h e r s  (b e fo re  th e  r e v o l u t io n )  have  n o t  r e a l l y  been  enco u rag ed  to  use  

i t  and fu r th e rm o re  to  g e t  s t u d e n t s  to  d i s c o v e r ,  i n q u i r e ,  and g e n e r a l i z e  

i s  n o t  e a sy .  Too, r e s e a r c h  e n d o rs in g  th e  approach  i s  r e l a t i v e l y  s p a r s e  

a s  Mayor (1966, p . 351) c la im s :

A v e ry  g r e a t  d e a l  i s  h e a rd  th e se  days a b o u t  l e a r n i n g  r e s e a r c h  
i n  m a th e m a t ic s ,  b u t  s p e c i f i c  in fo rm a t io n  i s  h a r d  t o  come by , even 
though th e  term  i s  u sed  l o o s e l y .  P a r t  o f  th e  d i f f i c u l t y  i n  
com m unication r e s u l t s  from th e  f a c t  t h a t  s t u d i e s  in  l e a r n i n g  a r e  
u s u a l l y  couched i n  th e  t e c h n i c a l  v o c a b u la ry  o f  th e  p s y c h o lo g i s t ,  
which th e  m athem atics  t e a c h e r  . . .  i s  n o t  p r e p a r e d  to  i n t e r p r e t ,  
l e t  a lo n e  t r a n s l a t e  i n t o  c la ss ro o m  a c t i o n .

, Cronbach (1965b) a f t e r  e v a lu a t i n g  th e  r e s e a r c h  on d i s c o v e r y  con

c lu d e s  t h a t  th e  d a ta  on i n d u c t iv e  te a c h in g  h a s  n o t  begun to  g iv e  th e  

answ ers  n e c e s s a ry  f o r  f i rm  recommendations to  th e  s c h o o l s .  From a  more 

c r i t i c a l  s ta n c e  Ausubel (1961, p. 47) s t a t e s  t h a t  " a c t u a l  e x a m in a t io n  o f  

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

r e v e a l s  t h a t  v a l i d  e v id e n c e  o f  t h i s  n a tu r e  i s  v i r t u a l l y  n o n e x i s t e n t . "

To document th e s e  v iew s o f  r e s e a rc h  one m ust f i r s t  be  aware of, 

w hat p ro p o n e n ts  o f  d i s c o v e ry  p u r p o r t  the  r e s u l t s  o f  t h i s  t e a c h in g  mode 

to  b e .  A lthough  v a r i a t i o n  e x i s t s  m ost a d v o c a te s  have  a g re e d  t h a t  when a
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s tu d e n t  l e a r n s  by d i s c o v e r y  h e  (1) u n d e r s t a n d s  what h e  l e a r n s ,  (2) h as  

a c q u i r e d  a  l e a r n i n g  s e t ,  and (3) d e v e lo p s  an  i n t e r e s t  i n  w hat he  l e a r n e d  

(K ersh , 1965, p .  4 1 4 ) .

I n  h i s  r e s e a r c h  d e s ig n  M cConnell (1934) s e t  up two e q u i v a l e n t  

g ro u p s ,  A and  B. Group A was t a u g h t  by th e  pedagogy o f  a u t h o r i t y ,  o f  

m e c h a n ic a l  r e p e t i t i o n ,  and o f  r e l a t i v e l y  d i s c r e t e  c o n n e c t io n - f o rm in g .  

Group B was t a u g h t  by a  pedagogy o f  d i s c o v e r y  and v e r i f i c a t i o n ,  o f  

m ean ing , and o f  r e l a t i o n a l  l e a r n i n g .  R e s u l t s  i n d i c a t e d  t h a t  th e  method 

o f  s h e e r  r e p e t i t i o n  was s u p e r i o r  when th e  t e a c h e r  was i n t e r e s t e d  i n  

im m edia te  and  a u to m a t ic  r e s p o n s e  t o  th e  number f a c t s .  However, i f  th e  

t e a c h e r  d e s i r e d  to  g iv e  th e  p u p i l  w h a te v e r  s a t i s f a c t i o n  m ig h t  a c c r u e  to  

him th ro u g h  a  knowledge o f  th e  m eaning  and t r u t h  o f  th e  number f a c t s  and 

to  d e v e lo p  a  d e l i b e r a t e  and m e d i t a t i v e  a t t a c k  upon them , th e n  method B 

was s u p e r i o r .  T here  was a l s o  some e v id e n c e  t h a t  B r e s u l t e d  i n  g r e a t e r  

t r a n s f e r  p o t e n t i a l  and f a c i l i t y  i n  m a n ip u la t io n  o f  number f a c t s .

A nderson  (1949 ),  i n  a t t e m p t in g  to  d e te rm in e  th e  d i f f e r e n t i a l  

e f f e c t  o f  two i n s t r u c t i o n a l  p r o c e d u r e s  upon a r i t h m e t i c  a c h ie v e m e n t ,  com

p a re d  r e s u l t s  o f  t e n  c l a s s e s  t a u g h t  by th e  d r i l l  method w i t h  e i g h t  t a u g h t  

by th e  m eaning m ethod, i n v o lv in g  575 f o u r t h - y e a r  p u p i l s .  T e a c h e rs  o f  th e  

d r i l l  c l a s s e s  s p e n t  on th e  a v e ra g e  a b o u t  e le v e n  m in u te s  p e r  day on i n 

s t r u c t i o n  and  tw e n ty - f o u r  on d r i l l ,  w h i le  th e  meaning c l a s s e s  r e c e iv e d  

a p p ro x im a te ly  tw e n ty - s e v e n  m in u te s  a  day on i n s t r u c t i o n  and e ig h t e e n  

m in u te s  on d r i l l .

The e v id e n c e  i s  f a r  from c o n c lu s iv e  t h a t  th e  i n s t r u c t i o n a l  p r o 

c e d u re s  r e s u l t e d  i n  s i g n i f i c a n t  d i f f e r e n c e s  i n  th e  p e rfo rm a n c e  o f  p u p i l s  

on t e s t s  t h a t  p u r p o r te d  to  m easu re  c o m p u ta t io n a l  s k i l l .  D i f f e r e n c e s  

found i n d i c a t e d  th e  d r i l l  method te n d e d  to  be s u p e r i o r  f o r  p u p i l s  \ ^ o



28

s c o re d  low on th e  a b i l i t y  t e s t  b u t  h ig h  on th e  a r i t h m e t i c  p r e - t e s t .  The 

meaning m ethod ten d e d  to  be s u p e r i o r  f o r  p u p i l s  h ig h  on th e  a b i l i t y  t e s t  

b u t  low on th e  a r i t h m e t i c  p r e - t e s t .

D i f f e r e n c e s  were l i k e w i s e  i n s i g n i f i c a n t  be tw een th e  two g roups  

in  u n d e r s t a n d in g  o f  s o c i a l  c o n c e p t s  i n  a r i t h m e t i c  and v o c a b u la ry .  How

e v e r ,  t h e r e  was s u b s t a n t i a l  e v id e n c e  t h a t  th e  two m ethods r e s u l t e d  i n  a 

d i f f e r e n t i a l  e f f e c t  upon a b i l i t y  to  t h in k  m a th e m a t ic a l ly .  G e n e r a l ly ,  

s t u d e n t s  r a n k in g  below a v e ra g e  i n  s c h o o l  a b i l i t y  and above a v e ra g e  in  

a r i t h m e t i c  ach ievem en t  w ere more s u c c e s s f u l  w i th  d r i l l  p ro c e d u r e ,  w hereas  

m eaning m ethod was more p r o f i t a b l e  f o r  s tu d e n t s  who ranked  above a v e ra g e  

in  s c h o o l  a b i l i t y ,  e s p e c i a l l y  i f  th e y  were below  a v e ra g e  in  a r i t h m e t i c  

ac h ie v e m e n t .

Swenson (1949) i n v e s t i g a t e d  l e a r n in g  o f  th e  a d d i t i o n  f a c t s  by 

se c o n d -y e a r  s tu d e n t s  t a u g h t  by one o f  t h r e e  i n s t r u c t i o n a l  m e th o d s - - 

g e n e r a l i z a t i o n ,  d r i l l ,  o r  d r i l l - p l u s .  She so u g h t  to  answ er (among o t h e r s )  

th e  q u e s t i o n ,  "Which o f  th e  t h r e e  methods seems to  be th e  m ost e f f i c i e n t  

in  p rom o ting  l e a r n i n g  o f  t h e  a d d i t i o n  f a c t s ? "

The r e s u l t s  showed th e  g e n e r a l i z a t i o n  group to  be s i g n i f i c a n t l y  

s u p e r i o r  to  b o th  o f  th e  o t h e r  g ro u p s  on th e  n e t  t o t a l  ach iev em en t ;  i . e . ,  

th e  t o t a l  n e t  e f f e c t  o f  i n s t r u c t i o n  on th e  a d d i t i o n  f a c t s  seemed to  be 

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

c a n t  a d v a n ta g e  b e in g  a s s o c i a t e d  w i th  a  method t h a t  s t r e s s e d  o r g a n i z a t i o n  

o f  number f a c t s  a round  p u p i l - d i s c o v e r e d  g e n e r a l i z a t i o n s .

K ersh  i n  two d i f f e r e n t  e x p e r im e n ts  (1958 and 1962) on l e a r n in g  by 

d i s c o v e r y  d e r i v e s  c o n c lu s io n s  t h a t  he co n ten d s  a r e  com plem entary . The 

same two n o v e l  a d d i t i o n  t a s k s  u n d e r  t h r e e  d i f f e r e n t  m ethods were t a u g h t  

to  a  c o l l e g e  sample and t o  a  h ig h  s c h o o l  sample. W ith th e  fo rm er  h i s
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r e s u l t s  im p l ie d  a d e f i n i t e  s u p e r i o r i t y  o f  th e  d i s c o v e r y  m ethod, by d e v e l 

o p in g  a  u n iq u e  m o t i v a t i o n  r a t h e r  t h a n  by in c r e a s e d  meaning ( u n d e r s ta n d 

in g )  . The d a t a  o f  th e  l a t t e r  s u g g e s te d  t h a t  under  c e r t a i n  c o n d i t io n s  o f  

l e a r n i n g ,  h i g h l y  f o rm a l iz e d  te c h n iq u e s  p roduced  b e t t e r  r e s u l t s  th an  t e c h 

n iq u e s  which a t t e m p t  to  d e v e lo p  u n d e rs t a n d in g .

H is  f i n a l  c o n c lu s io n s  from th e  e x p e r im e n t  a r e  tw o fo ld .  F i r s t ,  

l e a r n i n g  by s e l f - d i s c o v e r y  i s  s u p e r i o r  to  l e a r n in g  w i th  e x ten d ed  d i r e c 

t i o n  o n ly  i n s o f a r  a s  i t  i n c r e a s e s  s tu d e n t  m o t iv a t io n  to  p u rsu e  th e  l e a r n 

in g  t a s k .  A ls o ,  t h i s  m o t i v a t i o n  power o s t e n s i b l y  does n o t  a p p e a r  s t r o n g 

l y  u n l e s s  th e  s tu d e n t  i s  r e q u i r e d  to  l e a r n  a lm o s t  c o m p le te ly  w i th o u t  

h e lp  and expends i n t e n s i v e  e f f o r t  ove r  a  p e r io d  o f  a t  l e a s t  f i f t e e n  

m in u te s .  Second , i f  i t  i s  im p o r ta n t  o n ly  t h a t  th e  t a s k  be u n d e rs to o d ,  

th e  e s s e n t i a l  r e l a t i o n s h i p s  may be le a r n e d  m ost e c o n o m ic a l ly  when ta u g h t  

by a  p r o c e s s  o t h e r  th a n  s e l f - d i s c o v e r y .

L a t e r  (1964) K ersh  s u g g e s t s  s p e c i f i c  t e a c h in g  o b j e c t i v e s  shou ld  

r e g u l a t e  th e  t e a c h in g  ap p ro a c h  u s e d .  He c o n t in u e s  by lo o k in g  a t  t e c h 

n iq u e s  o f  d i s c o v e r y  p e r  se  a s  an  o b j e c t i v e .  The pu rpose  o f  such a  l e a r n 

ing  e x p e r ie n c e  would be to  e x e r c i s e  and r e i n f o r c e  th e  " s e a r c h in g  b eh a 

v i o r " — s t r a t e g i e s  o f  prob lem  s o lv i n g ,  d i v e r g e n t  a s  opposed to  co n v e rg e n t  

t h in k i n g ,  f l e x i b i l i t y  i n  t h i n k i n g - - i n  e s s e n c e ,  th e  c h a r a c t e r i s t i c s  o f  a 

" c r e a t i v e  i n d i v i d u a l . "  W ith  such o b j e c t i v e s ,  d i s c o v e r y  te c h n iq u e s  a r e  

m ost a p p r o p r i a t e .

Suchman (1961) a s s e r t s  t h a t  a  c h i e f  o b j e c t i v e  o f  " I n q u i r y  T r a in 

in g "  i s  to  s h i f t  th e  fram e o f  r e f e r e n c e  f o r  c a u s a l i t y  from th e  l i n e a r  to  

th e  m u l t id im e n s io n a l  form ; i . e . ,  t h e  a t te m p t  sh o u ld  be made to  e x p la in  

th e  c a u s a l i t y  o f  a  s in g l e  i n s t a n c e  in  te rm s  o f  b road  u n i v e r s a l  p r i n c i p l e s  

and g e n e r a l i z a t i o n s .  T h is  i s  t h e  u n i f i c a t i o n  o f  c o n c e p ts  f o r  which th e
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s c i e n t i s t  s t r i v e s .

I n  h i s  s tu d y  o f  f i f t y  h i g h ly  i n t e l l i g e n t  f i f t h - y e a r  s tu d e n t s  to  

e s t a b l i s h  th e  need f o r  i n q u i r y  t r a i n i n g  he found a  marked l a c k  o f  a u t o 

nomy and p r o d u c t i v i t y ,  stemming ( c o n j e c t u r e ! )  from c h i l d r e n ' s  dependence 

upon a u t h o r i t i e s ,  t e a c h e r s ,  p a r e n t s ,  and books, to  shape  t h e i r  c o n c e p ts .  

Accustomed to  h a v in g  c o n c e p ts  e x p la in e d  to  them in  d i s c u s s i o n s ,  p i c t u r e s ,  

f i l m s ,  and te x tb o o k s ,  th e  s u b j e c t s  were u n w i l l i n g  o r  u n a b le  to  p l a n  and 

i n i t i a t e  a c t i o n  w ith  th e  p u rp o se  o f  d i s c o v e r in g  new c o n c e p ts  f o r  them

s e l v e s .

To h e lp  s u b j e c t s  a t t a i n  th e  a c c e p te d  o b j e c t i v e s ,  Suchman and h i s  

s t a f f  d e s ig n e d  a  schema c o n s i s t i n g  o f  t h r e e  s t a g e s ,  each  h a v in g  i t s  own 

g o a l s .  The c h i l d  m ust a d o p t  a  sequence  o f  g o a ls  such  t h a t  g r a s p  o f  th e  

f i r s t  p r o v id e s  fo u n d a t io n  f o r  th e  p u r s u i t  o f  th e  se co n d ,  and so f o r t h ;

i . e . ,  th e  g o a l  f o r  each  s t a g e  i s  d i s c o v e r y  a t  a  h i g h e r  o r d e r  o f  a b s t r a c 

t i o n  and g e n e r a l i t y .

S ta g e  I ,  E p isode  A n a l y s i s ,  h a s  a s  i t s  g o a l  v e r i f i c a t i o n  o f  f a c t s .  

D e te rm in a t io n  o f  R e lev an ce ,  S ta g e  I I ,  i s  th e  i s o l a t i o n  o f  th e  r e l e v a n t  

v a r i a b l e s  and n e c e s s a ry  c o n d i t i o n s .  S tage  I I I ,  I n d u c t i o n  o f  R e l a t i o n a l  

C o n s t r u c t s ,  h a s  th e  f u n c t i o n  o f  d i s c o v e r in g  why a l l  t h e s e  c o n d i t io n s  a r e  

n e c e s s a ry .

I n  summary, Suchman b e l i e v e s  t h a t  th e  a b i l i t y  to  i n q u i r e  and d i s 

cove r  c o n c e p ts  au tonom ously  i s  more b a s i c  th an  th e  a t t a in m e n t  o f  con

c e p t s .  I n q u i r y  t r a i n i n g  i s  n o t  p roposed  a s  a  new way t o  t e a c h ,  b u t  a s  a 

way o f  t e a c h in g  b a s ic  c o g n i t i v e  s k i l l s .  He b e l i e v e s  t h a t  i t  b e lo n g s  i n  

ev e ry  c u r r i c u lu m  a r e a  t h a t  r e q u i r e s  th e  pe rfo rm ance  o f  e m p i r i c a l  o p e ra 

t i o n s ,  i n d u c t iv e  and d e d u c t iv e  r e a s o n in g ,  and th e  f o r m u la t io n  and t e s t i n g  

o f  h y p o th e s e s .  However, i t  i s  a s  u n r e a l i s t i c  to  t e a c h  in q u i r y  s e p a r a t e
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from c o n t e n t  a s  to  t e a c h  r e a d in g  a p a r t  from l i t e r a t u r e ,  "The autonomous 

a t t a i n m e n t  o f  new meaning and c o m prehens ion— th e  u n i f i c a t i o n  o f  d i v e r s e  

e x p e r i e n c e s  th ro u g h  th e  d i s c o v e r y  o f  p r i n c i p l e s  and g e n e r a l i z a t i o n s — t h i s  

i s  w hat i n q u i r y  h o ld s  f o r  th o s e  who l e a r n  t o  use  i t  p r o d u c t i v e l y . "

Ray (1961) d e s ig n e d  a  s tu d y  which c o n s id e r e d  t h e  e f f i c a c y  o f  

p u p i l  d i s c o v e r y  v e r s u s  t e a c h e r  dom ina ted  d i r e c t  i n s t r u c t i o n  w i th  t h r e e  

l e v e l s  o f  i n t e l l i g e n c e .  An in d e x  was t a k e n  upon i n i t i a l  l e a r n i n g ,  one 

week l a t e r ,  and s i x  weeks l a t e r .  The s u b j e c t s  were random ly  s e l e c t e d  

n i n t h - g r a d e  s tu d e n t s  who w ere  p l a c e d  i n  a  f o r t y - s e v e n - m in u t e  t e a c h in g -  

l e a r n i n g  s e s s i o n  o f  m ic ro m e te r  p r i n c i p l e s  and s k i l l s .

He c onc luded  t h a t  (1) d i d a c t i c  and d i s c o v e r y  m ethods o f  t e a c h in g  

a r e  e q u a l l y  e f f e c t i v e  w i th  r e g a r d  to  i n i t i a l  l e a r n i n g  and r e t e n t i o n  a f t e r  

one week; (2) th e  d i s c o v e r y  a p p ro a c h  was more e f f e c t i v e  i n  r e t e n t i o n  a f t e r  

s i x  weeks and i n  a p p l i c a t i o n  o f  m a t e r i a l  l e a r n e d ;  and (3) t h e r e  i s  no 

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

An i n v e s t i g a t i o n  (Anklam, 1962) o f  i n s t r u c t i o n a l  d i f f e r e n c e s  

which had  a s  one o f  i t s  h y p o th e s e s  " t h a t  t h e r e  would be more e v id e n c e  o f  

g r e a t e r  m o t i v a t i o n  i n  c la s s ro o m s  w i th  d e m o c ra t ic  i n s t r u c t i o n a l  methods 

th a n  w i th  a u t o c r a t i c  m ethods"  c o n c lu d e d  t h a t  a ch iev em en t  and m o t iv a t io n  

were n o t  a f f e c t e d  by th e s e  d icho tom ous m ethods. I n f e r e n t i a l l y  th e  s tu d y  

im p l ie d  t h a t  d i f f e r e n c e s  i n  m ethodology  sh o u ld  be r e s p e c t e d  and  e n c o u r 

aged , and c o n t r i v i n g  a g e n e r a l  mold o f  t e a c h e r  a c c e p t a b i l i t y  i n t o  which 

a l l  t e a c h e r s  m ust l e a r n  to  sq u e ez e  th em se lv e s  i s  a  m is t a k e .

W olfe  (1963),  e x p e r im e n t in g  w i th  an  a b r u p t  change from  d i s c o v e r y  

to  an  e x p o s i t o r y  t e a c h in g  a p p ro a c h  w i th  seco n d a ry  s t u d e n t s ,  conc luded  

t h a t  such  a  change d id  n o t  s e r i o u s l y  i n t e r f e r e  w i th  t h e i r  l e a r n i n g  o f  

m a th e m a t ic s .



32

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

t e a c h in g  a d d i t i o n  and s u b t r a c t i o n  o f  f r a c t i o n s ,  S h u s te r  and P igge  (1965) 

found t h a t  f i f t h - y e a r  s tu d e n t s  l e a r n e d  th e  s k i l l s  b e t t e r  by sp e n d in g  

l e s s  t im e on d r i l l  and more tim e on d e v e lo p m en ta l  a c t i v i t i e s .

P a te  (1 9 6 6 ) ,  in  h i s  s tu d y  o f  d i f f e r e n c e s  o f  t e a c h e r - p u p i l  i n t e r 

a c t i o n  p a t t e r n s  i n  "modern" v s .  " t r a d i t i o n a l "  e le m e n ta ry  sc h o o l  m athe 

m a t ic s  p ro g ra m s,  found t h a t  a l th o u g h  t e a c h e r s  u s in g  th e  modern p rogram  

ask e d  more r e c a l l  and d e m o n s t ra t io n  o f  s k i l l  q u e s t i o n s  th a n  o t h e r  

q u e s t i o n  t y p e s ,  more modern t e a c h e r s  th a n  t r a d i t i o n a l  t e a c h e r s  u t i l i z e d  

a n a l y s i s  and  com prehension  q u e s t i o n s .

A lth o u g h  t e a c h e r s  in  th e  modern program s e v id e n c e d  aw a ren e ss  o f  

th e  p r o c e s s e s  o f  d i s c o v e r y  th ro u g h  i n q u i r y ,  th ey  d id  n o t  im plem ent them, 

a s  shown by  t h e i r  l im i t e d  use  o f  s y n t h e s i s  and o p in io n  q u e s t i o n s ,  s u b s e 

q u e n t ly  p r e v e n t in g  th e  s tu d e n t s  from h a v in g  th e  o p p o r tu n i ty  to  d e v e lo p  

i n f e r e n c e s  from a v a i l a b l e  e v id e n c e .

S tudy  o f  th e  f o re g o in g  r e s e a r c h  c r e a t e s  i m p l i c a t i o n s  a s  w e l l  a s  

q u e s t i o n s .  Seem ingly  an  assumed a c t i v i t y  o f  d i s c o v e r y  i s  t h a t  o f  con

f r o n t i n g  t h e  l e a r n e r  w i th  a p r o b le m a t ic  s i t u a t i o n  i n  which he  must d e v is e  

a s o l u t i o n ,  d i s c o v e r  a  p r i n c i p l e ,  o r  e x p la i n  some phenomenon; i . e . ,  d i s 

co v e ry  t a s k s  a r e  u sed  to  t r a i n  c h i l d r e n  i n  some o f  th e  s k i l l s  o f  s c i e n 

t i f i c  i n q u i r y .

Em anating  from such s tu d y  i s  th e  q u e s t i o n ,  " I s  d i s c o v e r y  th e  m ain  

g o a l  o f  i n s t r u c t i o n  i n  a r i t h m e t i c ? "  H ar tung  (1959) concedes  t h a t  i f  s o ,  

th e n  c o n s i d e r a b l e  tim e  can  be s p e n t  i n  p r o v id in g  the  e x p e r i e n c e .  However, 

he  m a i n t a i n s  t h a t  d i s c o v e r y  i s  o n ly  a  means to  more im p o r ta n t  e n d s .  Hence, 

th e  p l a c e s  w here d i s c o v e r y  by t h e  s t u d e n t s  i s  to  be u sed  m ust be c a r e f u l l y  

s e l e c t e d .
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Mussen  (1965) e n d o rs e s  H a r tu n g ' s  p o s i t i o n  by a s s e r t i n g  t h a t  "one 

e d u c a t io n a l  t e c h n iq u e ,  o r  sequence  o f  m ethods ,  may be m ost e f f e c t i v e  a t  

c e r t a i n  p o i n t s  i n  th e  p r o c e s s  o f  m a th e m a t ic a l  c o n c e p ts  and s k i l l s ,  w h i le  

a n o th e r  te c h n iq u e  may b e  more e f f i c i e n t  under  o t h e r  c i r c u m s ta n c e s . "

Cronbach (1965a) h y p o th e s i z e s  t h a t  "a  r i c h  m ix tu re  o f  d i s c o v e r y -  

t o - p r e s e n t a t i o n  i s  b e s t  to  g e t  th e  l e a r n e r  s t a r t e d ,  b u t  t h a t  a f t e r  he  i s  

w e l l  on th e  ro a d ,  a l e a n e r  m ix tu re  w i l l  make f o r  f a s t e r  p r o g r e s s  and 

g r e a t e r  economy."

On a n o te  o f  i n d i v i d u a l i z i n g  e d u c a t io n ,  Mussen (1965) s e e s  t h a t  

i t  i s  t h e o r e t i c a l l y  p o s s i b l e  t h a t  th e  m ost e f f i c i e n t  t e a c h in g  methods 

a r e  th o s e  co n g ru en t  w i th  th e  l e a r n e r s '  c o g n i t i v e  s t y l e s .  Thus p e r s o n 

a l i t y  f a c t o r s  known to  i n f l u e n c e  l e a r n i n g  m ig h t  be ta k e n  i n t o  a c c o u n t  

i n  d e v e lo p in g  more h i g h l y  i n d i v i d u a l i z e d  p rogram s. T h e re fo re ,  i f  th e  

d i s c o v e r y  were made t h a t  an  i n t e g r a l  p a r t  o f  th e  v a r i a n c e  i n  r a t e  o r  

d e g re e  o f  l e a r n i n g  i s  a c c o u n te d  f o r  by p e r s o n a l i t y  o r  c o g n i t i v e  s t y l e  

v a r i a b l e s ,  i t  m igh t  be c o n c lu d e d  t h a t  d i f f e r e n t  te a c h in g  t e c h n iq u e s  

sh o u ld  be  used  w i th  s t u d e n t s  o f  d i f f e r e n t  p e r s o n a l i t y ,  c o g n i t i v e  s t y l e ,  

o r  m o t i v a t i o n a l  c h a r a c t e r i s t i c s .  T ha t i s ,  u se  m igh t  be made o f  such 

m easu res  as  th e  G u i l f o r d  m easu res  o f  c r e a t i v i t y  to  d e te rm in e  who m igh t 

b e s t  p r o f i t  from one ty p e  o f  t e a c h in g  and who m igh t  b e s t  p r o f i t  from 

a n o th e r  ty p e .

The fo l lo w in g  p a ra g ra p h  by McDonald (1964, p . 539) i d e n t i f i e s  

th e  p ro b a b le  p ro b le m s,  s t a t u s ,  and a n x ie t y  e x i s t e n t  in  c u r r e n t  r e s e a r c h  

on d i s c o v e r y .

D iscovery  l e a r n in g  and c r e a t i v i t y  may be e x p lo re d  a t  a more 
p ra g m a tic  l e v e l .  Only lo n g  work w i th  a  p roblem  can a s s u r e  t h a t  
a  r e p r e s e n t a t i v e  ran g e  o f  p o t e n t i a l l y  r e l e v a n t  v a r i a b l e s  h as  been 
sam pled. The c o n t r i b u t i o n  o f  th e  many s t u d i e s  t h a t  r e p r e s e n t  th e  
b e g in n in g  o f  a  c o u rs e  o f  i n v e s t i g a t i o n  i s  d i f f i c u l t  to  e v a lu a t e .
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I n q u i r y  t r a i n i n g  i s  a c a se  i n  p o i n t .  The sample o f  t a s k s  to  
which th e  method i s  r e l e v a n t  h as  h a r d l y  b e e n  t e s t e d .  S i m i l a r l y ,  
th e  ran g e  o f  s p e c i f i c  p ro c e d u re s  i s  l i m i t e d .



CHAPTER I I I

REVIEW OF LITERATURE

I n t e l l i g e n c e  and C r e a t i v i t y  

To b e g in  a  d i s c u s s i o n  o f  t h e s e  phenomena, one a s k s ,  "What a r e  

t h e y ? "  and "How a r e  th ey  r e l a t e d  to  o t h e r  s i m i l a r  phenomena?" T hat i s ,  

w hat a r e  th e y  i n  r e l a t i o n  to  man and o t h e r  human c h a r a c t e r i s t i c s ?

One p r o l i f i c  e x p e r im e n te r  i n  t h e  f i e l d ,  J e a n  P i a g e t ,  c o n te n d s  

t h a t  i n t e l l i g e n c e  can be c o n s id e r e d  m e a n in g f u l ly  o n ly  a s  an  e x t e n s i o n  o f  

c e r t a i n  fu n d am e n ta l  b i o l o g i c a l  c h a r a c t e r i s t i c s ,  fundam en ta l  i n  th e  s e n s e  

t h a t  th e y  o b t a i n  w h erev er  l i f e  o b t a i n s  ( F l a v e l l ,  1963). T h a t  i s ,  i n 

t e l l e c t u a l  f u n c t i o n in g  i s  a  s p e c i a l  form o f  b i o l o g i c a l  a c t i v i t y  and , a s  

su ch , p o s s e s s e s  im p o r ta n t  a t t r i b u t e s  i n  common w i th  th e  p a r e n t  a c t i v i t i e s  

from w hich  i t  d e r i v e s .

For  P i a g e t ,  i n t e l l i g e n c e  i s  a l l i e d  to  b io lo g y  i n  t h e  se n se  t h a t  

i n h e r i t e d  b i o l o g i c a l  s t r u c t u r e s  c o n d i t i o n  w ha t  we may d i r e c t l y  p e r c e iv e .  

However, o u r  b i o l o g i c a l  endowment c o n s i s t s  o f  a  second  component, a  mode 

o f  i n t e l l e c t u a l  f u n c t i o n in g  (a  s p e c i f i c  m anner i n  w hich we t r a n s a c t  

b u s in e s s  w i th  t h e  env iro n m en t)  which p e r m i t s  t r a n s c e n d e n c e  o f  th e  p e r c e p 

t u a l  s t r u c t u r e s .  T h is  modus o p e ra n d i  i s  a lw ays  and everyw here  th e  same. 

T h e r e f o r e ,  th e  p r o p e r t i e s  f o r  i t  a r e  r e f e r r e d  to  a s  f u n c t i o n a l  i n v a r i a n t s .  

F u r th e rm o re ,  P i a g e t  ( F l a v e l l ,  1963, p .  43) b e l i e v e s :  "These i n v a r i a n t

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

t i c s  w hich h o ld  f o r  b i o l o g i c a l  f u n c t i o n in g  i n  g e n e r a l . "

I n f e r e n t i a l l y  P i a g e t  h as  assumed t h a t  a l l  human b e in g s  a r e  

s e n t i e n t  o rg an ism s  and t h e r e f o r e  p o s s e s s  i n t e l l i g e n c e .  H is  b i o l o g i c a l  

b a s i s  does  n o t  im ply  t h a t  h e r e d i t y  i s  th e  o n ly  r e l e v a n t  f a c t o r  i n  i n 

t e l l i g e n c e .  In d ee d  he  b e l i e v e s  t h a t  i n t e l l i g e n c e  i s  d e v e lo p m en ta l  and 

h a s  ex p e r im e n ted  m a in ly  w i th  s u b j e c t s  from b i r t h  to  f i f t e e n  y e a r s .

The components o f  i n t e l l i g e n c e  i n  P i a g e t ' s  schema a r e  (1) fu n c 

t i o n -  -conce rnm en t  w i th  th e  p r o c e s s  an  o rgan ism  employs i n  making cog

n i t i v e  p r o g r e s s ,  (2) c o n te n t  (p ro d u c t )  — th e  e x t e r n a l  b e h a v io r  which 

t e l l s  us  t h a t  i n t e l l e c t u a l  f u n c t i o n in g  h a s  o c c u r r e d ,  and (3) s t r u c t u r e - -  

th e  i n f e r r e d  o r g a n i z a t i o n a l  p r o p e r t i e s  which e x p la i n  why t h i s  c o n te n t  

r a t h e r  th a n  some o t h e r  c o n te n t  h a s  emerged.

D e v e lo p m e n ts l ly  P i a g e t  e s t a b l i s h e s  t h r e e  p e r i o d s  from  b i r t h  

to  m a t u r i t y  to  d e s ig n a t e  th e  m a jo r  epochs o f  i n t e l l e c t u a l  p e rfo rm a n c e .  

The p e r i o d  o f  s e n so ry -m o to r  i n t e l l i g e n c e  (0-2  y e a r s )  w i t n e s s e s  th e  i n 

f a n t  move from a  n e o n a t a l ,  r e f l e x  l e v e l  o f  com ple te  s e l f - w o r l d  i n d i f 

f e r e n t i a t i o n  _to a  r e l a t i v e l y  c o h e re n t  o r g a n i z a t i o n  o f  s e n so ry -m o to r  

a c t i o n s  v i s - a - v i s  h i s  im m ediate  env iro n m en t.  Note t h a t  t h e  o r g a n i z a t i o n  

in v o lv e s  o n ly  s im p le  p e r c e p tu a l  and m o to r  a d ju s tm e n ts  to  t h i n g s  r a t h e r  

th a n  sym bolic  m a n ip u la t io n s  o f  them.

The p e r i o d  o f  p r e p a r a t i o n  f o r  and  o r g a n i z a t i o n  o f  c o n c r e te  o p e r 

a t i o n s  (2 -11  y e a r s )  b e g in s  w i th  th e  f i r s t  c ru d e  s y m b o l iz a t io n  l a t e  i n  

th e  s e n so ry -m o to r  p e r i o d  and c o n c lu d e s  w i th  th e  b e g in n in g  o f  fo rm a l  

th o u g h t  i n  e a r l y  a d o le s c e n c e .  P r e o p e r a t i o n a l  r e p r e s e n t a t i o n s  (2 -7  y e a r s )  

i s  a  s u b p e r io d  o f  th e  above i n  which th e  i n d i v i d u a l  makes h i s  f i r s t  

a t t e m p t s  to  m a s te r  th e  w or ld  o f  sym bols . C onc re te  o p e r a t i o n s ,  a  second
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s u b p e r io d ,  s e e s  th e  i n d i v i d u a l  e s t a b l i s h  a  f a i r l y  s t a b l e  and o r d e r l y  

c o n c e p tu a l  framework which he  s y s t e m a t i c a l l y  b r in g s  to  b e a r  on the  

w o r ld  o f  o b j e c t s  a round  him.

The p e r i o d  o f  fo rm a l  o p e r a t i o n s  (11-15  y e a r s )  o b s e rv e s  th e  ado

l e s c e n t  d e a l  e f f e c t i v e l y  n o t  o n ly  w i th  r e a l i t y  b e fo r e  him b u t  a l s o  w i th

th e  w o r ld  o f  p u re  p o s s i b i l i t y .

- Two f a c t o r s  i n  P i a g e t ' s  work sh o u ld  be n o ted  a t  t h i s  p o i n t .

F i r s t ,  he  h a s  h y p o th e s iz e d  and h a s  e x p e r i m e n t a l l y  s a t i s f i e d  h im s e l f  

t h a t  th e  f u n c t i o n a l  i n v a r i a n t s ,  o r g a n i z a t i o n  and a d a p t a t i o n - - w i t h  

a d a p t a t i o n  segm ented i n t o  a s s i m i l a t i o n  and acco m m o d a t io n - -o p e ra te  th e  

same i n  each  o f  th e  above p e r i o d s ,  th e  d i f f e r e n c e s  b e in g  i n  c o n te n t  and 

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

S e c o n d ly ,  P ia g e t  has  concerned  h i m s e l f  p r i m a r i l y  w i th  th e  t h e o 

r e t i c a l  and e x p e r im e n ta l  i n v e s t i g a t i o n  o f  th e  q u a l i t a t i v e  developm ent

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

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

th e  f u n c t i o n  and c o n te n t  o f  i n t e l l i g e n c e .

P i a g e t ' s  i n f l u e n c e  on e x p e r im e n ta t io n  i n  the  s tu d y  o f  i n t e l l i g e n c e  

i s  a p p a re n t  by an  a r t i c l e  on g e n e r a l  m e n ta l  a b i l i t y  i n  a r e c e n t  i s s u e  o f  

Review o f  E d u c a t io n a l  R esea rch  (M illman, 1965). Here i s  s t a t e d  t h a t  an 

em erging  c o n c e p t  o f  i n t e l l i g e n c e  p u r p o r t s  t h a t  the  phenomenon i s  d e v e lo p 

m e n ta l  i n  n a t u r e .

I n c o r p o r a t i n g  th e  work o f  Bloom (1964) on th e  growth o f  i n t e l l i 

gence and W echs le r  (1944) on th e  d e c l i n e  o f  i n t e l l i g e n c e ,  H i c k l i n ,  R e i ta n ,  

and Rahmlow (1965) have d e r iv e d  a  t h e o r e t i c a l  cu rve  f o r  t h e  growth and 

d e c l i n e  o f  i n t e l l i g e n c e .  The cu rv e  i s  b a sed  on th e  a s su m p tio n  t h a t  a  

s t a t e  o f  dynamic e q u i l i b r i u m  e x i s t s  be tw een th e  i n d iv i d u a l  and th e
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env ironm en t.

T h is  e q u i l i b r i u m  s t a t e  p o s s e s s e s  sh ad es  o f  P i a g e t ' s  f u n c t i o n a l  

i n v a r i a n t  com ponents—a s s i m i l a t i o n  and accommodation a s  w e l l  a s  c o n c u r r 

in g  t h a t  i n t e l l i g e n c e  i s  d e v e lo p m en ta l  i n  n a t u r e .  However, i t  goes  an  

im p o r ta n t  s t e p  beyond in  c o n s id e r in g  th e  deve lopm ent beyond a d o le s c e n c e .

A lthough  th e  cu rv e  i s  f l e x i b l e ,  i t  i n d i c a t e s  t h e r e  a r e  f o u r  norms 

which a r e  a c c e p te d  a s  a  b a s i c  s t r u c t u r e  o f  th e  sys tem .

1. By age  fo u r  50 p e r  c e n t  o f  i n t e l l e c t u a l  grow th  i s  a t t a i n e d .

2. Over 99 p e r  c e n t  o f  th e  growth h a s  o c c u r r e d  by age tw e n ty .

3. The maximum grow th  i s  r e a c h e d  by age t w e n t y - f i v e .

4 .  By age  f i f t y - f i v e  th e  i n t e l l e c t u a l  l e v e l  h a s  r e v e r t e d  to  

th e  l e v e l  h e ld  a t  age t h i r t e e n .

I m p l i c a t i o n s  o f  th e  t h e o r e t i c a l  c u rv e ,  how ever, would p e r m i t  two 

i n d i v i d u a l s  to  re a c h  th e  same peak  l e v e l  o f  i n t e l l e c t u a l  deve lopm en t b u t  

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

th e o r y  i s  t h a t  sometim es th e  i n d i v i d u a l  who rem ains  i n  a  s t a n d a r d  e n v i r o n 

ment w i l l  e v e n t u a l l y  rea c h  a  p o i n t  where th e  r a t e  o f  a c q u i s i t i o n  i s  j u s t  

b a la n c e d  by th e  r a t e  o f  l o s s .

In  a  l e s s  g lo b a l  sco p e , t h a t  i s ,  w i t h i n  th e  i n d i v i d u a l  r a t h e r  

th a n  th e  i n d i v i d u a l  w i t h i n  h i s  e n v iro n m en t ,  G u i l f o r d  h a s  f o r  more t h a n  

a  decade been  co n cern ed  w i th  th e  s t r u c t u r e  o f  i n t e l l e c t .  He h a s  sy s te m 

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

v a l i d i t y .  S p e c i f i c a l l y ,  h i s  u n i f i e d  th e o ry  o f  human i n t e l l e c t  o r g a n iz e s  

th e  known, u n iq u e ,  o r  p r im a ry  i n t e l l e c t u a l  a b i l i t i e s  i n t o  a  s i n g l e  system  

c a l l e d  th e  " s t r u c t u r e  o f  i n t e l l e c t . "

G u i l f o r d ' s  s t r u c t u r e  o f  i n t e l l e c t  (S I)  was i n t r o d u c e d  i n  th e  

f i f t i e s  u n d e r  th e  t i t l e  "The T hree  F aces  o f  I n t e l l e c t "  ( G u i l f o r d ,  1959).
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The model u se d  to  d e p i c t  t h i s  was a  r e c t a n g u l a r  p r i s m  composed o f  one 

h un d red  tw en ty  c e l l s ,  each  c e l l  c o n ta i n in g  a  known o r  h y p o th e s iz e d  m e n ta l  

a b i l i t y .  The d im en s io n s  o f  th e  model w ere " f o u r  by f i v e  by s i x . "  One 

d im e n s io n ,  th e  c o n te n t  ( m a t e r i a l  to  be a c t e d  upon) o f  i n t e l l e c t u a l  

a c t i v i t y ,  p o s s e s s e d  f o u r  com ponents: f i g u r a i ,  s e m a n t ic ,  sy m b o l ic ,  and

b e h a v i o r a l .  A n o th e r  d im e n s io n ,  th e  o p e r a t i o n s  o f  m e n ta l  f u n c t i o n in g  con

s i s t e d  o f  f i v e  com ponents: c o g n i t i o n ,  memory, d i v e r g e n t  p r o d u c t i o n ,  con

v e r g e n t  p r o d u c t i o n ,  and e v a l u a t i o n .  F i n a l l y ,  th e  t h i r d  d im en s io n ,  p r o 

d u c t s  ( c a t e g o r i z e d  r e s u l t s  o f  i n t e l l e c t u a l  f u n c t i o n s )  were s i x  i n  number: 

u n i t s ,  c l a s s e s ,  r e l a t i o n s ,  sy s te m s ,  t r a n s f o r m a t i o n s ,  and i m p l i c a t i o n s .

The model i s  d e p i c t e d  i n  I l l u s t r a t i o n  1 ( G u i l f o r d ,  1966, p . 2 1 ) .

OPERATIONS

C o g n i t io n
Memory
D iv e rg e n t  P r o d u c t io n  
C onvergen t P r o d u c t io n  
E v a lu a t io n _____________

PRODUCTS

U n i t s
C la s s e s
R e l a t i o n s
Svstems
T ra n s fo rm a t io n s
I m p l i c a t i o n s

CONTENTS

F i g u r a i
Symbolic
Sem antic
B e h a v io ra l

I l l u s t r a t i o n  1 . —Model o f  th e  s t r u c t u r e  o f  i n t e l l e c t
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To d a te  s e v e n t y - f i v e  o f  th e  one hund red  tw en ty  h y p o th e s iz e d  

m e n ta l  a b i l i t i e s  have  been  i d e n t i f i e d  and p l a c e d  w i t h i n  th e  model. I n  

summary, a l l  tw e n ty - f o u r  c o g n i t i v e ,  tw elve  memory, s i x t e e n  d iv e r g e n t  

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

o c c u p ie d .

The s t r u c t u r e - o f - i n t e l l e c t  model h a s  g e n e r a t e d  numerous e x p e r i 

m e n ta l  s t u d i e s  and h a s  p roduced  s u b s t a n t i a l  e v id e n c e  t h a t  i n t e l l i g e n c e  

i s  d e v e lo p m en ta l  i n  n a t u r e .  D iv e rg e n t  p r o d u c t io n  h a s  been  an a r e a  r e 

c e iv in g  much i n t e r e s t ,  c o n s i d e r a t i o n ,  and a c t i v i t y .  A lthough n o t  synony

mous w i th  c r e a t i v i t y ,  i t  i s  th e  " o p e r a t i o n ” from which many b e l i e f s  and 

c o n c e p ts  o f  c r e a t i v i t y  h av e  been  d e r iv e d .

E d u c a to r s  and p s y c h o l o g i s t s  u l t i m a t e l y  c o n c e rn e d  w ith  i n d i v i d u a l  

d i f f e r e n c e s  have  u sed  G u i l f o r d ' s  model o f t e n  a s  a  p o i n t  o f  d e p a r tu r e  i n  

s tu d y in g  c r e a t i v i t y .  I n  t h i s  c o n te x t  t e s t s  were d e s ig n e d  to  m easure  

d i v e r g e n t  p r o d u c t i o n .  C o n c u r re n t ly  i t  was h y p o th e s i z e d  and g e n e r a l l y  

a c c e p te d ,  f o r  e x p e r im e n ta l  p u rp o se s ,  t h a t  th e  more c r e a t i v e  i n d i v i d u a l  

would be e x p e c te d  t o  t h i n k  w i th  g r e a t e r  f lu e n c y ,  w i th  more f l e x i b i l i t y ,  

and w i th  g r e a t e r  o r i g i n a l i t y  ( G u i l f o rd ,  1962). A f o u r t h  f a c t o r  o f t e n  

c o n s id e r e d  was e l a b o r a t i o n .

I n  t h e  v e in  o f  i n d i v i d u a l  d i f f e r e n c e s ,  r e s e a r c h  h as  shown c r e a 

t i v i t y  to  b e  im p o r ta n t  i n  m e n ta l  h e a l t h ,  e d u c a t io n a l  ach ie v e m e n t ,  and 

v o c a t i o n a l  s u c c e s s  a s  w e l l  a s  o t h e r  a r e a s  in  l i f e .  T h is  r e s e a r c h  h a s  con

s id e r e d  c r e a t i v i t y  a s  p e r s o n ,  p r o d u c t ,  p r o c e s s ,  o r  p r e s s .  Hence, one o f  

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

T o r ra n c e ,  f o r  exam ple, i n  h i s  s t u d i e s  o f  c r e a t i v i t y  h as  u t i l i z e d  

a  p r o c e s s  d e f i n i t i o n  (p . 1 7 ) .  He s t a t e s  (1965c, p . 8 ) ,  " i f  we d e f i n e  

c r e a t i v i t y  a s  a  p r o c e s s ,  we can  th en  a sk  w hat k i n d  o f  p e r s o n  one m ust be
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i n  o r d e r  to  engage m ost s u c c e s s f u l l y  i n  th e  p r o c e s s ,  w hat k in d s  o f  en 

v i ro n m e n t  he needs  i n  o r d e r  to  f u n c t i o n  m ost s u c c e s s f u l l y ,  and w hat k in d s  

o f  p r o d u c t s  r e s u l t  from th e  p r o c e s s . "

S in c e  1958 T o r ra n c e ,  a s  d i r e c t o r  ( th ro u g h  A u g u s t ,  1966) o f  th e  

Bureau o f  E d u c a t io n a l  R esea rch  a t  th e  U n i v e r s i ty  o f  M in n e s o ta ,  and h i s  

s t a f f  have  b een  engaged i n  a  c o n t in u in g  program  o f  deve lopm ent and r e 

s e a r c h  r e l a t e d  to  th e  i d e n t i f i c a t i o n ,  deve lopm ent, and u t i l i z a t i o n  o f  

c r e a t i v e  t a l e n t .  They have  been  a t t e m p t in g  th e  deve lopm ent o f  i n s t r u 

m ents  f o r  a s s e s s i n g  th e  c r e a t i v e  t h in k in g  a b i l i t i e s  a t  a l l  l e v e l s  o f  

e d u c a t io n ,  k i n d e r g a r t e n  th ro u g h  g r a d u a te  s c h o o l ;  p l o t t i n g  o f  t h e  d e v e lo p 

m e n ta l  n a t u r e  o f  th e  c r e a t i v e  t h in k i n g  a b i l i t i e s ,  i n c l u d in g  c r o s s -  

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

c lu d in g  b o th  f a c t o r s  t h a t  can be m a n ip u la te d  i n  th e  c la s s ro o m  and l a b o 

r a t o r y  and f a c t o r s  t h a t  o r i g i n a t e  i n  n a tu r e  and s o c i e t y .

I n  a n sw e rin g  th e  q u e s t i o n ,  "Why m easure  th e  c r e a t i v e  b e h a v io r  i n  

c h i l d r e n ? " ,  T o r r a n c e 's  (1965b) com prehensive  re s p o n s e  im p l ie s  h i s  p h i l o 

s o p h i c a l ,  p s y c h o lo g i c a l ,  s o c i o l o g i c a l ,  and p e d a g o g ic a l  p o s i t i o n s  on th e  

s i g n i f i c a n c e  o f  c r e a t i v i t y  i n  r e l a t i o n  to  t h e  t o t a l  o f  human a c t i v i t y .

H is  r e a s o n s  f o r  w a n t in g  t o  m easure  th e  c r e a t i v e  b e h a v io r  o f  c h i l d r e n  a r e  

(1) t h a t  such m easurem ent i s  a  means f o r  o b t a i n in g  a  more com ple te  u n d e r 

s t a n d in g  o f  th e  human mind and p e r s o n a l i t y  and t h e i r  f u n c t i o n i n g ,  (2) 

t h a t  i t  i s  a  p o s s i b l e  b a s i s  f o r  i n d i v i d u a l i z i n g  i n s t r u c t i o n ,  (3) t h a t  such 

m easurem ent i s  p a r t  o f  t h e  p r o c e s s  o f  g u id in g  m en ta l  g row th , an  i n d i c a t o r  

o f  m e n ta l  h e a l t h  s t a t u s ,  and a  so u rc e  o f  c lu e s  f o r  r e m e d ia l  o r  p sycho 

t h e r a p e u t i c  p rogram s, (4) t h a t  i t  o f f e r s  means o f  a s s e s s i n g  th e  d i f f e r e n 

t i a l  e f f e c t s  o f  v a r i o u s  k in d s  o f  e x p e r im e n ta l  p rog ram s, new c u r r i c u l a r  

a r ra n g e m e n ts  o r  m a t e r i a l s ,  o r g a n i z a t i o n a l  a r ra n g e m e n ts ,  t e a c h in g  p ro c e -
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d u re s  and th e  l i k e ,  and (5) t h a t  i t  may be u se d  a s  an  i n d i c a t o r  o f  growth 

p o t e n t i a l  and f u t u r e  g u idance  n eed s .

The M in n e so ta  g roup , in  d e v e lo p in g  th e  now c o p y r ig h te d  and commer

c i a l l y  p u b l i s h e d  in s t r u m e n t ,  T o r ra n c e  T e s t s  o f  C r e a t i v e  T h in k in g ,  h a s  

a ccu m u la te d  p e r t i n e n t  r e s e a r c h  d a ta  i n  r e g a r d  t o  c o n s t r u c t i o n  o f  such  an 

in s t r u m e n t .  These  d a ta  in c lu d e  i n f o r m a t io n  c o n c e rn in g  p rob lem s o f  t a s k  

deve lopm en t,  p rob lem s o f  t e s t  a d m i n i s t r a t i o n ,  s c o r i n g  p ro b le m s,  and  p ro b 

lems o f  t e s t  r e l i a b i l i t y  and v a l i d i t y .

I n t e r e s t  in  and s tu d y  o f  th e  d e v e lo p m en ta l  n a t u r e  o f  c r e a t i v i t y  

i n  c h i l d r e n  h a s  prom pted  t h i s  s t a t e m e n t  from T o r ra n c e  (1965a, p . 2 7 4 ) :

One o f  th e  m ost p e r s i s t e n t  and  r e c u r r e n t  f i n d i n g s  i n  c r e a t i v i t y  
r e s e a r c h  w i th  c h i l d r e n  i s  t h a t  t h e r e  a r e  d i s c o n t i n u i t i e s  in  c r e a t i v e  
deve lopm en t i n  m ost s o c i e t i e s ,  a p p a r e n t l y  accom panied  by  l o s s  o f  
i n t e r e s t  i n  l e a r n i n g ,  i n c r e a s e  i n  b e h a v i o r a l  p ro b le m s,  and i n c r e a s e  
i n  e m o t io n a l  d i s t u r b a n c e  . . .  i n  A nglo-A m erican c u l t u r e s  t h e s e  
d i s c o n t i n u i t i e s  seem to  a p p e a r  a t  a b o u t  th e  k i n d e r g a r t e n ,  f o u r t h -  
g r a d e ,  and s e v e n th - g ra d e  l e v e l s .

On th e  b a s i s  o f  co m p ara t iv e  s t u d i e s  i n  c u l t u r e s  o u t s i d e  t h e  U ni

t e d  S t a t e s  T o r ra n c e  h a s  conc luded  t h a t  t h e s e  d i s c o n t i n u i t i e s  i n  c r e a t i v e  

deve lopm ent a r e  man-made and a r e  p r i m a r i l y  t h e  r e s u l t  o f  d i s c o n t i n u i t i e s  

i n  o u r  c u l t u r e  and i n  o u r  e d u c a t io n a l  program .

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

c u l t u r e s ,  and l a r g e r  c u l t u r e s  p l a y  r o l e s  o f  v a ry in g  im p o r ta n c e  i n  d e t e r 

m ining  c o n t i n u i t y  o f  c r e a t i v e  deve lopm en t.  E x p e r im e n ta l ly  T o r ra n c e  and 

h i s  a s s o c i a t e s  have  v e r i f i e d  t h i s  by d e m o n s t ra t in g  t h a t  th e  c o n c e p t  o f  

g u id e d ,  p la n n e d  e x p e r ie n c e s  i n  c r e a t i v e  t h in k i n g  can  e l i m i n a t e  f o r  m ost 

c h i l d r e n  th e  f o u r t h - g r a d e  slump i n  c r e a t i v i t y  (T o rra n c e  and G upta , 1964).

T h re e  b e l i e f s  a r e  e x p re s s e d  by T o r ra n c e  r e g a r d in g  th e  im p o r ta n c e  

o f  th e  d e v e lo p m e n ta l  n a tu r e  o f  c r e a t i v i t y  i n  c h i l d r e n .  F i r s t ,  c h i l d r e n  

can  and w i l l  l e a r n  more i f  a  h i g h e r  d e g re e  o f  c o n t i n u i t y  i n  c r e a t i v e



43

deve lopm en t i s  m a in ta in e d .  Second, c o n t i n u i t y  o f  c r e a t i v e  developm ent 

i s  h e a l t h y  and norm al. T h i r d ,  c o n t i n u i t y  can  be a c h ie v e d  by g r a f t i n g  

o n to  th e  l e a r n i n g  s k i l l s  t h a t  a  c h i l d  b r in g s  w i th  him when he f i r s t  comes 

to  s c h o o l .

The t h i r d  b ro ad  domain o f  c r e a t i v i t y  s t u d i e s  by th e  T o r ra n c e  

g roup , c o n d i t i o n s  a f f e c t i n g  c r e a t i v e  g row th , i s  more d i v e r s i f i e d  i n  scope 

th an  e i t h e r  th e  domain o f  m easurem ent o r  c o n t i n u i t y .  "What can we do?" 

i s  t h e  q u e s t i o n  which g e n e r a te d  many o f  th e  s t u d i e s  i n  t h i s  domain.

T o r ra n c e  (1965c, p . 75) an sw ers  t h i s  q u e s t i o n  w i t h  two sweeping 

g e n e r a l i z a t i o n s ;  (1) by p r o v id i n g  a  c u r r i c u lu m  t h a t  g iv e s  o p p o r t u n i t i e s  

f o r  c r e a t i v e  w ays, and (2) by r e w a rd in g  c r e a t i v e  b e h a v io r .  O s te n s ib ly  

t h e s e  s h o u ld  o c c u r  s im u l ta n e o u s ly  ( a t  l e a s t  c o n t i g u o u s l y ) , b u t  t h e  f i r s t  

i s  im p o s s ib le  w i th o u t  th e  second . T h e r e f o r e ,  T o r ra n c e  c o n s id e r s  th e  p ro b 

lem s, t h e  knowns, and th e  a c c e p te d  p r i n c i p l e s  o f  r e w a rd in g  c r e a t i v e  behav

i o r .

For  T o r ra n c e  th e  knowns a r e  g e n e ra l  and p a r t i c u l a r .  The g e n e r a l  

known i s  b a s e d  on r e p e a te d  r e s e a r c h  c o n c lu s io n s  t h a t  show t h a t  i n d i v i d u a l s  

t e n d  to  d e v e lo p  a lo n g  w h a te v e r  l i n e s  they  f i n d  r e w a rd in g .  I n  p a r t i c u l a r ,  

e x p e r im e n ts  have  shown t h a t  c r e a t i v e  t h in k i n g  rew arded  i s  th e  c r e a t i v e  

t h in k i n g  o b t a i n e d ;  e . g . ,  i f  o r i g i n a l i t y  i s  rew arded , r e s p o n s e s  w i l l  be 

more o r i g i n a l ;  a  l a r g e r  number o f  i d e a s  w i l l  be  p roduced  when f lu e n c y  i s  

rew arded ;  and i f  e l a b o r a t i o n  i s  rew ard ed ,  more d e t a i l e d  and more e l a b o r a t e  

p r o d u c t s  w i l l  r e s u l t .

The p rob lem s o f  v a lu i n g  c r e a t i v e  a c t i v i t i e s  a r e :  d i f f i c u l t y  o f

r e c o g n i z i n g  and a p p r e c i a t i n g  t h e  s t u d e n t ' s  c r e a t i v e  p r o d u c t i o n  and ou r  

ten d en cy  t o  o v e r r a t e  th e  f i n i s h e d  p r o d u c t - - t h e  com ple ted  poem, th e  m a s t e r 

p i e c e  o f  m usic  o r  a r t ,  t h e  o r g a n iz e d  b e h a v io r  o f  th e  cham pionsh ip  team.
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On th e  b a s i s  o f  e a r l y  e x p lo r a to r y  r e s e a r c h  and r a t i o n a l  c o n s id 

e r a t i o n  by t e a c h e r s  and e x p e r im e n te r s  f i v e  p r i n c i p l e s . f o r  r e w a rd in g  c r e a 

t i v e  b e h a v io r  have  been  w id e ly  a c c e p te d .  These  a r e :

1. R espec t  f o r  s t u d e n t ' s  u nusua l  q u e s t i o n s

2. R espec t  f o r  s t u d e n t ' s  im a g in a t iv e  and u n u s u a l  id e a s

3 . D evelop ing  s t u d e n t ' s  aw areness  t h a t  th e  t e a c h e r  c o n s id e r s  h i s  

i d e a s  to  be o f  v a lu e

4 . P e r m i t t in g  s t u d e n t s  to  do som eth ing  o c c a s i o n a l l y  w i t h o u t  th e  

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

5. U n i t in g  e v a l u a t i o n  w i th  cau ses  and  consequences

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

opment have  view ed th e  r o l e  o f  e v a lu a t i o n  i n  term s o f  s o c i e t y ' s  ( o r  

im m ediate  env ironm en t)  v a lu e s  o f  c r e a t i v e  b e h a v io r ;  e v a l u a t i v e  b e h a v io r  

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

o f  h i s  own c r e a t i v e  b e h a v io r  (T o rra n c e ,  1965c, p .  15).

I n  c o n c lu d in g  th e  rev ie w  o f  T o r r a n c e 's  work i n  c r e a t i v i t y  a  d e 

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

th o se  who a r e  a b le  to  p roduce  a l a r g e  number o f  i d e a s ,  e x h i b i t  a  h ig h  d e 

g re e  o f  f l e x i b i l i t y  i n  t h e i r  r e s p o n s e s ,  p roduce  id e a s  t h a t  a r e  u n u s u a l  

o r  o f f  th e  b e a te n  t r a c k ,  o r  a r e  a b le  to  d ev e lo p  th e s e  id e a s  i n  d e t a i l .

T ha t  i s ,  th e y  p o s s e s s  th e  q u a l i t i e s  o f  f lu e n c y ,  f l e x i b i l i t y ,  o r i g i n a l i t y ,  

and e l a b o r a t i o n .

W allach  and Kogan (1965) i n  r e v ie w in g  th e  l i t e r a t u r e  o f  c r e a t i v i t y  

r e s e a r c h  deve loped  a  r e s e r v a t i o n  r e g a r d in g  th e  tendency  to  c o n s id e r  c r e a 

t i v i t y  a s  somewhat d ep en d en t  o r  c l o s e l y  r e l a t e d  to  i n t e l l i g e n c e .  P r e c i s e l y ,  

th e y  to o k  i s s u e  w i th  much o f  th e  work em ana ting  from the  G u i l f o r d - o r i e n t e d  

s t u d i e s .
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C o n se q u e n tly ,  t h e i r  work h a s  been  fo c u s e d  on e s ta b l i s h m e n t  o f  th e  

two d im ens ions  r e l a t i v e l y  in d e p e n d e n t  o f  each  o t h e r .  Using 151 f i f t h -  

g ra d e  s tu d e n t s  a s  s u b j e c t s ,  th e y  chose  to  d e f i n e  c r e a t i v i t y  a s  " th e  a b i l 

i t y  t o  g e n e r a te  o r  p ro d u c e ,  w i t h i n  some c r i t e r i o n  o f  r e l e v a n c e ,  many cog 

n i t i v e  a s s o c i a t e s ,  and many t h a t  a r e  u n i q u e . "  A c o r o l l a r y  to  th e  d e f i 

n i t i o n  assum es t h a t  i f  c r e a t i v i t y  i s  t o  r e v e a l  i t s e l f  m ost c l e a r l y ,  i t  

r e q u i r e s  a fram e o f  r e f e r e n c e  which i s  r e l a t i v e l y  f r e e  from th e  c o e r c io n  

o f  t im e l i m i t s  and th e  s t r e s s  o f  knowing t h a t  o n e ' s  b e h a v io r  i s  under  

c l o s e  e v a lu a t i o n .

Ten i n t e l l i g e n c e  i n d i c e s  i n c lu d in g  t h r e e  s u b t e s t s  o f  th e  W echs le r  

I n t e l l i g e n c e  S ca le  f o r  C h i ld re n  (WISC), v e r b a l  and  q u a n t i t a t i v e  t e s t s  o f  

th e  School and C o l le g e  A b i l i t y  T e s t s  (SCAT) and f i v e  t e s t s  from  th e  S e

q u e n t i a l  T e s t s  o f  E d u c a t io n a l  P r o g re s s  (STEP), w ere  o b t a in e d .

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

ran g e d  from .51  to  .9 3 .  The range  o f  i n t e r c o r r e l a t i o n s  was from  .0 8  to  

.74  on th e  c r e a t i v i t y  m ea su res  and from .12 to  .80  on th e  i n t e l l i g e n c e  

m e a su re s .  F i n a l l y  th e  i n t e r c o r r e l a t i o n s  be tw een  th e  t e n  c r e a t i v i t y  and 

t e n  i n t e l l i g e n c e  m easu res  ranged  from .13 to  .2 3 .

These r e s u l t s  l e d  th e  r e s e a r c h e r s  to  c o n c lu d e  t h a t  t h e r e  i s  a 

u n i f i e d  d im ension  o f  c r e a t i v i t y  which e x i s t s  a p a r t  from a  u n i f i e d  dim en

s io n  o f  i n t e l l i g e n c e .  S in c e  th e  a v e ra g e  i n t e r c o r r e l a t i o n  among c r e a t i v 

i t y  m easu res  was .41  and among i n t e l l i g e n c e  m easu res  was .51 and b e 

tween c r e a t i v i t y  and i n t e l l i g e n c e  m easu res  .0 9 ,  th e  c o n c lu s io n  seems 

w a r ra n te d .

U sing  th e  m edian  a s  th e  p o i n t  o f  d i s c r i m i n a t i o n ,  W allach  and Kogan 

d e f in e d  f o u r  groups o f  c h i l d r e n - - c r e a t i v e  and i n t e l l i g e n t ,  c r e a t i v e  b u t  

n o t  i n t e l l i g e n t ,  i n t e l l i g e n t  b u t  n o t  c r e a t i v e ,  and  n e i t h e r  c r e a t i v e  n o r
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i n t e l l i g e n t .  A second o b j e c t i v e ,  to  advance  u n d e r s t a n d in g  o f  th e  p sy ch o 

l o g i c a l  d i f f e r e n c e s  among th e s e  f o u r  ty p e s  o f  c h i l d r e n ,  was p u rsu e d .  The 

s t u d i e s  w ere  concerned  w i th  th e  c h i l d ' s  c r e a t i v i t y - i n t e l l i g e n c e  i n d i c e s  

i n  r e l a t i o n  to  th e  domains o f  c o g n i t i o n ,  a f f e c t a t i o n ,  p e r c e p t i o n ,  and 

o v e r t  b e h a v io r .

W allach  and Kogan conc luded  t h a t  knowledge o f  a c h i l d ' s  c r e a t i v 

i t y  and i n t e l l i g e n c e  s t a t u s  p e r m i t s  th e  making o f  a  v a r i e t y  o f  p r o b a b l i s -  

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

s tu d i e d .  They (W allach and Kogan, 1965, p . 317) s t a t e :

I n  th e  c o g n i t i v e  domain, we have  l e a r n e d  how th e  f o u r  ty p e s  
o f  c h i l d r e n  d i f f e r  i n  t h e i r  c a t e g o r i z a t i o n s  and c o n c e p t u a l i z a t i o n s  
o f  s im p le  e n v iro n m e n ta l  s t i m u l i .  I n fo r m a t io n  h a s  a l s o  been 
o b t a i n e d  w i th  r e g a r d  to  t h e  c h i l d ' s  aw aren ess  o f  th e  p h y s io g 
nom ic, e x p r e s s iv e  a s p e c t s  o f  h i s  p e r c e p t u a l  w o r ld .  T u rn ing  
to  a f f e c t  and m o t i v a t i o n ,  th e  f o u r  ty p e s  o f  c h i l d r e n  u n d e r  
c o n s i d e r a t i o n  have  b een  shown to  v a ry  i n  t h e i r  p a t t e r n  o f  
psychodynam ics  a s  r e v e a le d  by r e l a t i v e  s t a n d in g  on d im ensions  
o f  a n x i e t y  and d e f e n s i v e n e s s .  F i n a l l y ,  th e  c h i l d ' s  o v e r t  
b e h a v io r  i n  t h e  c la s s ro o m  a p p e a r s  to  v a r y  a s  a  f u n c t i o n  o f  
h i s  c r e a t i v i t y  and i n t e l l i g e n c e  s t a t u s .

R e se a rc h  i n  c r e a t i v i t y  h a s  n o t  been  l i m i t e d  t o  e d u c a t io n  and 

c r e a t i v i t y .  T h is  i s  d i r e c t l y  r e f l e c t e d  i n  th e  r e p o r t s  and p r e s e n t a t i o n s  

o f  th e  n a t i o n a l  i n v i t a t i o n a l  r e s e a r c h  c o n fe r e n c e s  sp o n so re d  by th e  

U n i v e r s i t y  o f  U tah un d e r  t h e  d i r e c t i o n  o f  C a lv in  W. T a y lo r  and h i s  a s s o 

c i a t e s .  T here  have  been  s i x  o f  t h e s e  c o n f e r e n c e s ,  e a ch  c o n c e n t r a t i n g  on 

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

e d u c a t io n ,  te c h n o lo g y ,  s c i e n c e ,  a r t ,  and o t h e r  a r e a s .

The I n s t i t u t e  o f  P e r s o n a l i t y  A ssessm ent and R e se a rc h  a t  th e  U n i

v e r s i t y  o f  C a l i f o r n i a  u n d e r  th e  d i r e c t o r s h i p  o f  Donald  MacKinnon h as  

c o n c e n t r a t e d  on c r e a t i v i t y  r e s e a r c h  i n  h i g h e r  e d u c a t io n  r a t h e r  th a n  e l e 

m en ta ry  o r  s e co n d a ry .  W ith  a s s o c i a t e s  F rank  B arro n  and H a r r i s o n  Gough 

he  h a s  s t u d i e d  c r e a t i v i t y  i n  p r o f e s s i o n a l  p e o p le  who have been  l a b e l e d
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a s  c r e a t i v e  and e f f e c t i v e  i n  t h e i r  work.

C r e a t i v i t y  f o r  t h i s  g roup (MacKinnon, 1962) i s  a p r o c e s s  e x te n d e d  

i n  t im e  and c h a r a c t e r i z e d  by o r i g i n a l i t y ,  a d a p t i v e n e s s ,  and r e a l i z a t i o n ;  

t h a t  i s ,  i t  i n v o lv e s  a  r e s p o n s e  o r  id e a  t h a t  i s  n o v e l ,  a  r e s p o n s e  a d a p t iv e  

to  r e a l i t y - - s e r v e  to  s o lv e  p ro b le m s,  and a  s u s t a i n i n g  o f  th e  o r i g i n a l  i n 

s i g h t ,  an  e v a l u a t i o n  and  e l a b o r a t i o n  o f  i t .

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

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

ac h ie v e m e n t  h a s  been  o v e r e s t im a te d  i n  o u r  e d u c a t io n a l  system . Second, 

n o n i n t e l l e c t i v e  f a c t o r s  w i l l  d e te rm in e  w h e th e r  an  i n d iv i d u a l  w i th  s u f f i -  

c i e n t  a b i l i t y  to  m a s te r  a  f i e l d  o f  knowledge w i l l  p e rfo rm  c r e a t i v e l y  o r  

b a n a l l y  i n  t h a t  f i e l d .

I n  h i g h e r  e d u c a t io n  th e  U n i v e r s i t y  o f  B u f f a lo  h a s  ex p e r im e n ted  

i n  c r e a t i v i t y  by th e  t e s t i n g  o f  p r i n c i p l e s  o f  " b r a i n s t o r m i n g . "  T h is  work 

h a s  been  conduc ted  u n d e r  th e  a u s p ic e s  o f  th e  C r e a t i v e  E d u c a t io n  F o u n d a t io n ,  

founded  and  u n t i l  r e c e n t l y  d i r e c t e d  by A lex F. Osborn. H e lp in g  e d u c a t io n  

do more t o  d ev e lo p  c r e a t i v e  a b i l i t y  i s  th e  c i r c u m s c r ib in g  o b j e c t i v e  o r  

p u rp o se  o f  th e  F o u n d a t io n .

A c t i v i t i e s  o f  t h e  F o u n d a t io n  in c lu d e  r e s e a r c h ,  t e a c h in g ,  p u b l i 

c a t i o n ,  and  d i s t r i b u t i o n  o f  i n f o r m a t io n  r e g a r d in g  th e  n a tu r e  and n u r t u r e  

o f  c r e a t i v i t y .  A c u r r e n t l y  r e a c h e d  m i l e s to n e  was th e  f i r s t  i s s u e  o f  a 

q u a r t e r l y  p u b l i c a t i o n .  The J o u r n a l  o f  C r e a t iv e  B e h a v io r . The e x p re s s e d  

p u rp o se  o f  th e  j o u r n a l  i s  to  p r o v id e  a  focus  f o r  th e  r a p i d l y  i n c r e a s i n g  

i n t e r e s t  i n  l i t e r a t u r e  i n  c r e a t i v i t y ,  i n t e l l i g e n c e ,  and p r o b le m -s o lv in g .

I n  summary, r e s e a r c h  and th e o r y  p ro v id e  s e v e r a l  g e n e r a l i z a t i o n s  

r e g a r d in g  c r e a t i v i t y ,  i n t e l l i g e n c e ,  o r  c r e a t i v i t y  and i n t e l l i g e n c e .  F i r s t ,  

a  s t i l l  p e r p l e x in g  p rob lem , "What i s  c r e a t i v i t y ? "  Golann (1963) c i t e s
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fo u r  v iew s o f  c r e a t i v i t y  u se d  f o r  r e s e a r c h  and c o n te n d s  each  view  i s  

j u s t i f i e d  i f  i t  makes a  c o n t r i b u t i o n .  The v iew s a r e :  c r e a t i v i t y  a s  a

n o rm a l ly  d i s t r i b u t e d  t r a i t ,  c r e a t i v i t y  a s  th e  outcome o f  a  complex o f  

a p t i t u d e  t r a i t s ,  c r e a t i v i t y  a s  a p r o c e s s  c u lm in a t in g  i n  a  new th o u g h t  

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

Second, t h e o r e t i c a l  e x p la n a t i o n s  o f  c r e a t i v i t y  (M achler and 

S h o n tz ,  1965) a r e  found t o  be in c o n c lu s iv e  and in c o m p le te .  There  a r e  

a s s o c i a t i o n i s t i c ,  t r a i t ,  and  p s y c h o a n a ly t i c  t h e o r i s t s  who see  c r e a t i v i t y  

a s  na rrow  i n  scope and m e c h a n i s t i c a l l y  o r i e n t e d  o r  i n  g e n e r a l  ig n o re  th e  

p e r s o n a l  a s p e c t  o f  c r e a t i n g .  Opposing t h i s  group i s  th e  group w hich  i s  

h u m a n i s t i c a l l y  i n c l i n e d  b u t  vague and p o e t i c  w i th  l i t t l e  a t t e n t i o n  d i 

r e c t e d  t o  s c i e n t i f i c  o r  o p e r a t i o n a l  p rob lem s. Among t h i s  group a r e  th e  

G e s t a l t i s t s ,  E x i s t e n t i a l i s t s ,  and th e  I n t e r p e r s o n a l i s t s ,  t h a t  i s ,  th e  

group w i th  a  b ro ad  t h e o r e t i c a l  b a se  r a t h e r  th a n  a  more s p e c i f i c  one.

G a ie r  and W hite (1 9 6 5 ) ,  i n  d i s c u s s in g  t r e n d s  i n  t h e  m easurement 

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

g e n e r a l i z a t i o n ,  conc luded  t h a t  b i o g r a p h i c a l  i te m s  and m easu res  o f  p o s t 

a ch iev em en t  a p p e a r  to  be th e  m ost v a l i d  and e f f i c i e n t  p r e d i c t o r s  o f  

c r e a t i v i t y ,  fo l lo w e d  by s e l f - r a t i n g  and d i r e c t  e x p r e s s io n s  o f  g o a ls  and 

a s p i r a t i o n s .  O r i g i n a l i t y  and p e r s o n a l i t y  i n v e n t o r i e s  w ere t h i r d ,  and 

t r a d i t i o n a l  a p t i t u d e  and g e n e r a l  i n t e l l i g e n c e  m easu res  ranked  below t h e s e .  

The c r e a t i v e  p e r s o n ,  from i n f e r e n c e s  o f  c u r r e n t  d a t a ,  i s  s im u l ta n e o u s ly  

tough-m inded  and f l e x i b l e  enough to  cope w i th  e n v iro n m e n ta l  s t i m u l i  i n  

a  n ove l  y e t  a c c e p ta b l e  f a s h io n .

The f o u r t h  g e n e r a l i z a t i o n  comes from M ilim an and G lo c k 's  (1965) 

r e v ie w  o f  t r e n d s  in  m easurem ent o f  g e n e r a l  m e n ta l  a b i l i t y .  In  summary, 

th e y  c i t e  em phasis  on th e  n a t u r e  and d e te rm in a n ts  o f  i n t e l l i g e n c e  a s
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b e in g  t h e  f o c a l  p o i n t  d u r in g  th e  l a s t  s e v e r a l  y e a r s .  From t h i s  em phasis  

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

a r e  p a r t i a l l y  d e v e lo p m en ta l  and a r e  c h a r a c t e r i z e d  by g e n e r a l  s t r a t e g i e s  

f o r  p r o c e s s in g  in f o r m a t io n .  Hence, en v iro n m en t i s  a  v i t a l  but. n o t  th e  

s o l e  f a c t o r  o f  th e  i n t e l l i g e n c e  phenomenon.

Yamamoto's (1965) work i s  r e p r e s e n t a t i v e  o f  o u r  f i f t h  g e n e r a l i 

z a t i o n .  From h i s  e a r l y  work i n  c r e a t i v i t y  h e  a c c e p te d  r e s e a r c h  co n 

c l u s i o n s  t h a t  th e  c o r r e l a t i o n  be tw een  c r e a t i v i t y  and i n t e l l i g e n c e  ranged  

from .20  to  .40  i n  th e  g e n e r a l  p o p u la t io n  and was p r a c t i c a l l y  z e ro  i n  

s e l e c t e d  p o p u l a t i o n s .  However, from a  s tu d y  o f  1288 f i f t h - g r a d e  s t u 

d e n ts  u s in g  th e  T o r ra n c e  T e s t s  o f  C r e a t iv e  T h in k in g  and th e  L o rg e -T h o rn -  

d ik e  I n t e l l i g e n c e  T e s t ,  h e  found a  l i n e a r  c o r r e l a t i o n  betw een i n t e l l i 

gence and  c r e a t i v i t y  s c o re s  t o  be beyond .50  u s in g  a  p o s i t i v e  c o r r e c t e d  

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

He a l s o  found t h e r e  was a c o n s i s t e n t  d e c re a s e  i n  c o r r e l a t i o n  s i z e  

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

yond a  c e r t a i n  minimum l e v e l  o f  i n t e l l i g e n c e ,  b e in g  more i n t e l l i g e n t  does

n o t  g u a ra n te e  a  c o r r e s p o n d in g  i n c r e a s e  i n  c r e a t i v i t y .  Hence, th e  r e s u l t s  

do n o t  s u p p o r t  th e  v iew  t h a t  c r e a t i v i t y  i s  an  e n t i t y  in d ep e n d e n t  o f  o t h e r

f a c e t s  o f  human i n t e l l i g e n c e .  I n  c o n c lu s io n ,  Yamamoto c o n te n d s  t h a t  c r e a 

t i v i t y  t e s t s  sh o u ld  be r e g a rd e d  a s  com plem entary  components i n  new and 

more i n c l u s i v e  m easu res  o f  human i n t e l l e c t u a l  b e h a v io r ,  and n o t  a s  a 

m easure  w h o l ly  in d e p e n d e n t  and e x c lu s i v e  o f  th e  g e n e r a l  f a c t o r  o f  i n t e l l i 

gence .

Our f i n a l  g e n e r a l i z a t i o n  em anates  from th e  q u e s t i o n  g e n e r a t e d  by 

Yamamoto's c o n c lu s io n ,  "Why d ich o to m iz e  c r e a t i v i t y  and i n t e l l i g e n c e ? "  

Ja c k s o n  and M e s s i c k 's  (1964) r e s p o n s e  i s :  "A lthough t h e r e  a r e  many ways
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t o  d e s c r i b e  m a n 's  m e n ta l  c o m p le x i ty —and p a r t i c u l a r l y  to  d e p i c t  h i s  cog

n i t i v e  s t r e n g t h s — th e  two te rm s ' i n t e l l i g e n c e '  and  ' c r e a t i v i t y '  seem to  

have  th e  g r e a t e s t  summary power. I t  i s  t h i s  c o n c e n t r a t i o n  o f  m eaning t h a t  

e x p la i n s  th e  endu rance  o f  t h e s e  two words i n  th e  la y m a n 's  language  and 

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



CHAPTER IV 

REVIEW OF LITERATURE

V a r i a b l e s  o f  th e  S tudy and Achivem ent

T h is  s e c t i o n  i n c l u d e s  a  c o l l e c t i o n  o f  r e s e a r c h  r e s u l t s  and con

c l u s i o n s  on c r e a t i v i t y  and i n t e l l i g e n c e  and th e  r e l a t i o n  o f  each  to  

e d u c a t io n a l  a c h ie v e m e n t .  An i n t e r e s t i n g  o b s e r v a t i o n  to  be made from 

exam in ing  t h i s  r e s e a r c h  i s  t h a t  th e  G e tz e l s - J a c k s o n  s tu d y  seems t o  s e t  

th e  s t a g e  f o r  more th a n  h a l f  o f  th e  o t h e r  s t u d i e s  r e p o r t e d .  The r e s u l t s  

o f  th e  s t u d i e s  ( i f  c o r r e l a t i o n s  were d e r iv e d )  a r e  p r e s e n te d  i n  t a b u l a r  

form.

I n  a s e v e n -y e a r  r e s e a r c h  p r o j e c t  c o n c e rn e d  w i th  u n d e r s t a n d in g  

th e  complex o f  f a c t o r s  a s s o c i a t e d  w i th  p a t t e r n s  o f  academic ach ievem en t  

i n  c h i l d r e n ,  D 'H eu rle  s t u d i e d  s e v e n t y - s i x  s t u d e n t s  from Grades 3 -9  a t  

th e  U n i v e r s i t y  o f  C hicago L a b o ra to ry  S choo l .  Among fo u r  b ro ad  q u e s t i o n s  

a sk ed  w as ,  "What p e r s o n a l i t y  c h a r a c t e r i s t i c s  a r e  a s s o c i a t e d  w i th  a  h ig h  

l e v e l  o f  g e n e r a l  academ ic ach ievem en t  and , more s p e c i f i c a l l y ,  w i th  

ac h ie v e m e n t ,  r e a d in g ,  and  s p e l l i n g  i n  young c h i l d r e n ? "

C om para t ive ly  i t  was found t h a t  (D 'H e u r le ,  1959, pp. 1 2 -1 5 ) :

The h ig h  a r i t h m e t i c  a c h i e v e r s  t e n d  to  be more a t  peace  w i th  
th e  w o r ld  and w i th  th e m s e lv e s .  I n  t h e i r  r e l a t i o n s  w i th  t h e i r  
p a r e n t s  and o t h e r  a u t h o r i t y  f i g u r e s  th e y  show l e s s  s t r a i n  th a n  
th e  h ig h  g e n e r a l  a c h i e v e r s  and th e  h ig h  r e a d in g  a c h ie v e r s  and 
g r e a t e r  independence  th a n  th e  s p e l l i n g  a c h i e v e r s .  They show th e  
g r e a t e s t  d eg ree  o f  ego i n t e g r a t i o n  a s  w e l l  a s  g r e a t e r  m a t u r i t y  i n  
d e a l i n g  w i th  t h e  o u t s i d e  w o r ld  o f  p e o p le  and t h i n g s .  They a r e
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d e a l i n g  w i th  th e  o u t s i d e  w o r ld  o f  peop le  and t h i n g s .  They a r e  
a b l e  to  e x p re s s  t h e i r  f e e l i n g s  f r e e l y  b u t  a t  th e  same t im e th e y  
a r e  e m o t io n a l ly  c o n t r o l l e d  and f l e x i b l e .  T h e i r  i n t e l l e c t u a l  
p r o c e s s e s  a l s o  te n d  to  be spon taneous  and c r e a t i v e ,  and th e y  a r e  
th e  m ost s k i l l e d  i n  th e  m a n ip u la t io n  o f  a b s t r a c t  symbols.

U s ing  s u b j e c t s  whose IQ in d ex  was e q u a l  to  o r  g r e a t e r  t | i a n  95, 

Schmadel (1960) found t h a t  c r e a t i v e  t h in k in g  a b i l i t y  c o n t r i b u t e d  in d e p e n 

d e n t ly  b u t  m eage rly  to  ach ievem en t .  S p e c i f i c a l l y  th e  c r e a t i v e  t h in k in g  

t a s k s  c a l l i n g  f o r  e v a lu a t i o n ,  w hereas  t r a d i t i o n a l  f a c t o r s  o f  i n t e l l i g e n c e  

m e a su re s ,  ach ievem en t  t e s t s ,  and t e a c h e r  r a t i n g s  w ere a l s o  h ig h  on 

c r e a t i v i t y .  I n  p a r t i c u l a r  he  found a  .66 c o r r e l a t i o n  betw een c r e a t i v i t y  

and a r i t h m e t i c  ach ievem ent and t h a t  s tu d e n t s  w i th  a  h i g h e r  a r i t h m e t i c  

ach ievem en t  in d ex  te n d  to  have  a h i g h e r  c r e a t i v i t y  in d ex .

G i l b e r t  (1961) found a  .29  c o r r e l a t i o n  be tw een  c r e a t i v i t y  and 

t e a c h e r  m arks i n  s o c i a l  s t u d i e s ,  a  .44  betw een c r e a t i v i t y  and s t a n d a r d 

iz e d  ach ievem en t  index  in  s o c i a l  s t u d i e s ,  a .88  betw een th e  School and 

C o l leg e  A p t i tu d e  Text (^CAT) and th e  Iowa T e s t  o f  E d u c a t io n a l  Development 

(ITED), and .51  betw een th e  SCAT and c r e a t i v i t y .

Through th e  use  o f  s p e c i a l l y  d e s ig n e d  m easu res  o f  c r e a t i v i t y  and

c o n v e n t io n a l  i n t e l l i g e n c e  t e s t s  G e tz e l s  and Ja c k s o n  (1962) s e l e c t e d  two 

e x p e r im e n ta l  groups f o r  t h e i r  s tu d y .

One g roup , th e  h ig h  IQ g roup , was composed o f  t h o s e  s tu d e n t s  who 

sc o re d  i n  th e  to p  20 p e r  c e n t  o f  th e  449 s tu d e n t s  on IQ m easures  b u t  who 

were n o t  i n  th e  top  20 p e r  c e n t  on m easures  o f  c r e a t i v i t y .  The o t h e r  

group in c lu d e d  th o s e  who ranked  i n  th e  top  q u i n t i l e  i n  c r e a t i v i t y  b u t  

n o t  i n  IQ. The two groups had  a mean d i f f e r e n c e  o f  23 IQ p o i n t s .  Both

groups w ere e q u a l l y  s u p e r i o r  to  th e  g e n e ra l  p o p u la t io n  on s t a n d a r d iz e d

v e r b a l  and m a th e m a t ic a l  ach ievem en t t e s t s .

F in d in g s  in c lu d e d  d i f f e r e n c e s  in  s e l f - c h a r a c t e r i s t i c s ,  t e a c h e r s '
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p r e f e r e n c e s  f o r  t e a c h in g  th e  h ig h - IQ  g roup , and th e  s t r i k i n g  e q u a l i t y  o f  

academ ic  s u c c e s s  betw een t h e  two g ro u p s .  The a u th o r s  s u g g e s t  t h a t  u n l e s s  

c o n v e n t io n a l  i d e n t i f i c a t i o n  p ro c e d u re s  a r e  supp lem en ted  by m easu res  o f  

c r e a t i v i t y ,  t r u l y  g i f t e d  s t u d e n t s  a b le  to  p roduce  n o v e l  i d e a s  a s  w e l l  a s  

memory c o n s e r v a t i o n  o f  c o u r s e  c o n te n t  w i l l  be b y -p a s s e d .

T o r ra n c e  (1962) u s in g  e i g h t  groups r e p l i c a t e d  th e  G e tz e l s - J a c k s o n  

s tu d y .  Of th e  e i g h t ,  s i x  r e t u r n e d  r e s u l t s  b a s i c a l l y  c o n f i rm in g  th e  fo rm er  

s tu d y .  More s p e c i f i c a l l y ,  by u s e  o f  p a r t i a l  c o r r e l a t i o n  (IQ h e l d  c o n s t a n t )  

he  found  a  .2 8  c o r r e l a t i o n  be tw een  a r i t h m e t i c  a ch iev em en t  and c r e a t i v i t y .

I n  a  s tu d y  o f  e d u c a t i o n a l  ach ievem en t A hrens (1962) found th e  

e x t e n t  t o  which c r e a t i v e  t h i n k i n g  a b i l i t i e s  a c c o u n te d  f o r  d i f f e r e n c e s  i n  

ac h ie v e m e n t  im p o s s ib le  to  d e te r m in e .  S p e c i f i c a l l y  she  found a c h ie v e m e n t  

to  be  h i g h e r  i n  h ig h  c r e a t i v i t y  g ro u p s ;  th e  i n f l u e n c e  o f  IQ on ac h ie v e m e n t  

low er  i n  low c r e a t i v i t y  g r o u p s ;  a  c o r r e l a t i o n  ran g e  be tw een  c r e a t i v e  t h i n k 

ing  a b i l i t y  and ach ievem en t  i n  r e a d in g ,  m a th e m a t ic s ,  s c i e n c e ,  and s o c i a l  

s t u d i e s  from  .10  t o  .3 8 ;  a  c o r r e l a t i o n  range  be tw een  IQ and ach ievem en t  

from .4 4  to  .7 6 ;  and a c o r r e l a t i o n  betw een IQ and c r e a t i v i t y  i n d i c e s  from 

.11 to  .4 3 .

F l e s c h e r  (1963) found  t h a t  IQ made a  s i g n i f i c a n t  d i f f e r e n c e  i n  

a l l  a r e a s  o f  academ ic p e rfo rm a n c e  w h i le  c r e a t i v i t y  i n d i c e s  made no d i f f 

e re n c e  on any o f  them; n e i t h e r  was th e  i n t e r a c t i o n  o f  IQ and c r e a t i v i t y  

s i g n i f i c a n t  f o r  ach ievem en t  i n  any sc h o o l  s u b j e c t .

C o r r e l a t i o n s  d e r iv e d  in c lu d e d  a  .74  c o r r e l a t i o n  betw een a r i t h m e t i c  

c o m p u ta t io n  and IQ and .0 4  b e tw een  a r i t h m e t i c  c o m p u ta t io n  and c r e a t i v i t y ,  

and .7 6  be tw een  problem  s o lv i n g  and IQ and .09 be tw een  c r e a t i v i t y  and 

p rob lem  s o lv i n g .  F i n a l l y ,  a  .0 4  c o r r e l a t i o n  was found  be tw een  th e  c r e a 

t i v i t y  and  IQ i n d i c e s .
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F l e s c h e r  ( 1 9 6 3 , .p . 267) c o n c lu d e s  by p ro p o s in g  t h a t ,  " j u s t  a s  IQ 

i s  r e l a t e d  to  c o n v e rg e n t  a c h ie v e m e n t ,  an  an a lo g o u s  r e l a t i o n s h i p  e x i s t s  

be tw een  CQ ( c r e a t i v i t y  q u o t i e n t )  and d i v e r g e n t  a c h ie v e m e n t ."

D eB oer 's  (1964) s tu d y  o f  th e  r e l a t i o n s h i p  o f  c r e a t i v i t y  t o  I n t e l l i 

gence  and ach ievem en t  y i e l d e d  t h e s e  c o r r e l a t i o n s :  I n t e l l i g e n c e  and c r e a 

t i v i t y ,  .5 5 ;  I n t e l l i g e n c e  and a c h ie v e m e n t ,  .6 5 ;  and c r e a t i v i t y  and a c h le v -  

m e n t , .7 1 .

C la rk  (1965) I n v e s t i g a t e d  th e  n a tu r e  o f  d i v e r g e n t  t h in k i n g  as  

d i s t i n c t  from c o n v e rg e n t  t h in k i n g  th ro u g h  th e  s tu d y  o f  t h e  r e l a t i o n s h i p s  

be tw een  m ea su res  o f  t h e s e  two p u r p o r t e d ly  s e p a r a t e  a b i l i t i e s  and p e r f o r 

mance on v e r b a l  f a c i l i t y  m ea su res  (word f lu e n c y  and r e a d i n g  a c h ie v e m e n t) .

He found a  .04  c o r r e l a t i o n  be tw een  th e  two and c o n c lu d e d  t h a t  d iv e r g e n t  

t h in k i n g  a b i l i t y  I s  a d im en s io n  o f  c o g n i t i v e  a c t i v i t y  s e p a r a t e  and d i s 

t i n c t  from  c o n v e rg e n t  t h in k i n g .  O the r  f i n d i n g s  showed s u b j e c t s  c l a s s i 

f i e d  a s  h i g h  on th e  d i v e r g e n t  t h in k i n g  v a r i a b l e  had s i g n i f i c a n t l y  h ig h e r  

word f l u e n c y  and r e a d in g  s c o r e s  th a n  d id  s u b j e c t s  c l a s s i f i e d  a s  low.

C l c l r e l l l  (1965) s t u d i e d  th e  n a tu r e  o f  th e  r e l a t i o n s h i p  betw een

IQ, c r e a t i v i t y ,  and academ ic a c h ie v e m e n t .  Only one o f  tw e lv e  c o m b in a tio n s  

o f  t h e s e  t h r e e  v a r i a b l e s  p o s s e s s e d  a  s i g n i f i c a n t  I n t e r a c t i o n .  The ex cep 

t i n g  c o m b in a t io n  was c r e a t i v i t y  (n o n v e rb a l  f l u e n c y - f l e x l b l l l t y - o r l g l n a l l t y ) , 

IQ, and a r i t h m e t i c  ach ie v e m e n t .  He a l s o  f a i l e d  to  f i n d  t h r e s h o l d s  f o r  

e i t h e r  IQ o r  c r e a t i v i t y  a t  which p o i n t  each  would r e s p e c t i v e l y  have  th e  

g r e a t e r  I n f l u e n c e  on a c h ie v e m e n t .

On fo u r  m easu res  o f  c r e a t i v i t y  c o r r e l a t e d  w i th  a r i t h m e t i c  a c h ie v e 

m ent th e  f o l lo w in g  r e s u l t s  were o b t a in e d :

1. c r e a t i v i t y - v e r b a l  ( f l u e n c y ,  f l e x i b i l i t y ,  o r i g i n a l i t y )  and

a r i t h m e t i c  a c h ie v e m e n t ,  .26
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2 . c r e a t i v i t y - v e r b a l  ( e l a b o r a t i o n )  and a r i t h m e t i c  ach ie v e m e n t ,

.25

3 . c r e a t i v i t y - n o n v e r b a l  ( f l u e n c y ,  f l e x i b i l i t y ,  o r i g i n a l i t y )  and 

a r i t h m e t i c  a c h ie v e m e n t ,  .11

4 .  c r e a t i v i t y - n o n v e r b a l  ( e l a b o r a t i o n )  and a r i t h m e t i c  ach iev em en t ,  

.16

P a r t i a l  c o r r e l a t i o n s —e f f e c t  o f  IQ e l i m i n a t e d —betw een th e  m easu res  

o f  c r e a t i v i t y  and a r i t h m e t i c  ach ievem en t  were .1 4 ,  .1 4 ,  .0 7 ,  and .04  

r e s p e c t i v e l y .  j

C i c i r e l l i  conc luded  t h a t  w h i l e  th e  r e l a t i o n s h i p  o f  c r e a t i v i t y  

and a ch iev em en t  was a weak o n e ,  th e  form o f  t h e  r e l a t i o n s h i p  was such  

t h a t  IQ and c r e a t i v i t y  were a d d i t i v e  and l i n e a r  i n  t h e i r  e f f e c t  on 

academ ic ach ie v e m e n t .  F a i l u r e  to  document th e  h y p o th e s iz e d  th r e s h o ld  

c o n c e p t  r e g a r d in g  academ ic a ch iev em en t  prom pted C i c i r e l l i  to  p ropose  

t h a t  th e  e f f e c t  o f  t e a c h in g  m ethods upon c r e a t i v i t y  and ach ievem en t  

m ig h t  p r o f i t a b l y  be i n v e s t i g a t e d .

From th e  Human T a l e n t  P r o j e c t  a t  th e  U n i v e r s i t y  o f  T exas , a s  

r e p o r t e d  by G oldberg  (19 6 5 ) ,  new i n s i g h t s  i n t o  th e  c h a r a c t e r i s t i c s  o f  

h ig h  a c h i e v e r s  w ere i s o l a t e d .  I n  a  s tu d y  o f  e f f e c t i v e  a c h ie v e r s  t h r e e  

a b i l i t i e s  which c o n s i s t e n t l y  a p p e a re d  were c o n v e rg e n t  and  d iv e r g e n t  

th in k in g  and symbol a p t i t u d e .  Seven o t h e r  f a c t o r s  were a l s o  i d e n t i f i e d ,  

t h r e e  o f  which w ere c o n je c tu r e d  to  be th e  v e ry  c h a r a c t e r i s t i c s  which 

d i s t i n g u i s h  th e  h ig h  a c h i e v e r ,  a s  m easured  by sc hoo l  g r a d e s ,  from th e  

c r e a t i v e l y  g i f t e d  i n d iv i d u a l  who may n o t  make a s  good a  showing b u t  who 

p ro d u ce s  n o v e l  i d e a s  and u n iq u e  p a t t e r n s  o f  p e r fo rm a n c e .  These w ere th e  

f a c t o r s  o f  p e e r  a c c e p ta n c e ,  an  a n t i - a c a d e m ic  a t t i t u d e ,  and a  q y i e t  depen

dence .



56

W illiam s  (1966) found e v id en ce  to  s u p p o r t  th e  c o n c lu s io n  t h a t  

c o r r e l a t i o n s  betw een i n t e l l i g e n c e  and c r e a t i v i t y  ran g e  from .20  to  .40  

i n  a  g e n e r a l  u n s e l e c t e d  p o p u la t io n  o f  s t u d e n t s .  He a l s o  found th e  f o l l o w 

in g  c o r r e l a t i o n s  betw een o r i g i n a l i t y  and g ra d e  a v e ra g e  from m a th e m a t ic s ,  

s c i e n c e ,  and s o c i a l  s t u d i e s ,  .3 8 ;  o r i g i n a l i t y  and g rad e  a v e ra g e  from 

language  a r t s ,  m usic ,  and a r t ,  .3 8 ;  and co m p o s i te  g rad e  e q u iv a l e n t  on an  

a ch iev em en t  b a t t e r y  and o r i g i n a l i t y ,  .31 .

I n  c o n s id e r in g  c r e a t i v i t y  in  e d u c a t io n  he  s u s p e c t s  t h a t  know

le d g e  o f  s u b je c t  m a t t e r  i s  th e  key f a c t o r  f o r  c r e a t i v e  b e h a v io r .  The 

f i n d i n g s  e n d o rse  th e  s u s p i c i o n  i n  term s o f  th e  c r e a t i v e  c h i l d ' s  c h a r 

a c t e r i s t i c s :  th e  c r e a t i v e  c h i l d  i s  l i k e l y  to  have  h i g h e r  th a n  a v e ra g e

g r a d e s ,  to  be b e t t e r  in fo rm ed ,  to  d i s p l a y  b e t t e r  c i t i z e n s h i p ,  and t o  know 

how to  s tu d y  b e t t e r  th a n  h i s  l e s s  c r e a t i v e  p e e r .

Owens (1966) u se d  i n d i c e s  o f  i n t e l l i g e n c e ,  c r e a t i v i t y ,  and a c h ie v -  

ment i n  s tu d y in g  u n d e r -  and overach ievem en t  o f  s e v en ty - tw o  i n t e r m e d ia t e  

g ra d e  s t u d e n t s .  He found a  .58 c o r r e l a t i o n  be tw een  ach ievem en t and IQ. 

From th e s e  r e s u l t s  he conc luded  t h a t  i n t e l l i g e n c e  and c r e a t i v i t y  a r e  

s e p a r a t e  i n t e l l e c t u a l  com ponents, c r e a t i v i t y  and  ach ievem en t seem to  be 

l i t t l e  more c l o s e l y  r e l a t e d  th an  i n t e l l i g e n c e  and c r e a t i v i t y ,  and t h a t  

n e i t h e r  h ig h  i n t e l l i g e n c e  no r  h ig h  c r e a t i v i t y  a s s u r e s  good a c h ie v e m e n t .

B e n t le y  (1966) i n  a  s tu d y  u n d e r ta k e n  to  e x p lo r e  th e  r e l a t i o n s h i p  

be tw een  c r e a t i v e  a b i l i t y  and d i f f e r e n t  k in d s  o f  academ ic a ch ievem en t  h y 

p o th e s i z e d  t h a t  c e r t a i n  c r e a t i v e  t h in k in g  a b i l i t i e s  m igh t  c o n t r i b u t e  to  

c e r t a i n  k in d s  o f  ach ie v e m e n t .  From weekly t e s t s  a d m in is t e r e d  to  s e v e n ty -  

f i v e  s u b j e c t s  he a ccu m u la ted  d a ta  on each  s u b j e c t s '  i n t e l l e c t u a l  o p e r a 

t i o n s  o f  c o g n i t io n  ( m u l t i p l e - c h o i c e ) ,  memory ( f i l l - i n - t h e  b l a n k s ) ,  d i v e r 

g e n t  t h in k in g  ( e x t e n s io n  from g iv en  f a c t s ) ,  and e v a l u a t i o n  ( d e c i s i o n -
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making s i t u a t i o n s ) .

The fo l lo w in g  c o r r e l a t i o n s  were th e n  found  be tw een  c r e a t i v i t y  and 

each  o p e r a t i o n  and be tw een  th e  i n d i v i d u a l ' s  M i l l e r ' s  Analogy in d e x  and 

each  o p e r a t i o n .

C r e a t i v i t y M i l l e r ' s

C o g n i t io n .03 .47

Memory .11 .41

D iv e rg e n t  t h i n k i n g .53 .37

E v a lu a t io n .38 .27

T o t a l  ac h ie v e m e n t .34 .36

A c o r r e l a t i o n  o f  .12 was d e r i v e d  betw een c r e a t i v i t y  and M i l l e r ' s  A nalogy.

K la u sm e ie r  and Wiersma (1965) d e s ig n e d  a  s tu d y  to  d e te rm in e  th e  

e f f e c t  o f  IQ upon p e rfo rm a n c e  on d i v e r g e n t  t h i n k i n g  t e s t s .  On a l l  t e s t s  

o f  d i v e r g e n t  and c o n v e rg e n t  t h i n k i n g  a d m i n i s t e r e d ,  th e  low IQ group (71 -  

95) p e rfo rm e d  l e s s  w e l l  t h a n  th e  a v e ra g e  IQ g roup  (9 6 -1 1 4 ) ,  and th e  a v 

e ra g e  IQ group pe rfo rm ed  l e s s  w e l l  th a n  th e  h ig h  IQ g roups  (1 1 5 -1 4 1 ) .

S c o t t  (1963) i n  an  e x p e r im e n t  to  d e te rm in e  th e  r e l a t i o n s h i p  b e 

tween IQ s c o r e s  and m e a su re s  o f  g a in  i n  a r i t h m e t i c  r e a s o n in g ,  s o c i a l  

s t u d i e s ,  and s c ie n c e  a c h ie v e m e n t ,  and betw een r e a d i n g  g a in s  and t h e s e  

t h r e e  a r e a s ,  found t h a t  t h e  h i g h e s t  c o r r e l a t i o n  was betw een a r i t h m e t i c  

r e a s o n in g  and IQ. T h is  c o r r e l a t i o n  was .36 .

Rose (1961) i n  s tu d y i n g  th e  p ro b a b le  s t a t i s t i c a l  a s s o c i a t i o n  o f  

i n t e l l i g e n c e  t o  pe rfo rm ance  i n  a r i t h m e t i c  found a  .67 c o r r e l a t i o n  f o r  

u p p e r - c l a s s  soc ioeconom ic  s u b j e c t s  and a  .53 f o r  m i d d l e - c l a s s  s u b j e c t s .  

Each g ro u p ,  u p p e r  and m id d le ,  was segmented i n t o  t h r e e  p a r t s  and each  

segment was examined f o r  an  I Q - a r i t h m e t i c  c o r r e l a t i o n .  In  a l l  s i x  c a s e s  

th e  subsam ples  o b ta in e d  a  s m a l l e r  c o r r e l a t i o n  th a n  th e  t o t a l  sam ple . T h is
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f o r  Rose i n d i c a t e d  t h a t  f a c t o r s  o t h e r  th a n  i n t e l l i g e n c e  a r e  o p e r a t i v e  i n  

a r i t h m e t i c  a c h ie v e m e n t .

I n t e r e s t i n g  r e s u l t s  w ere  o b t a in e d  by E r ic k s o n  (1958) i n  a  s tu d y

o f  t h e  s i g n i f i c a n c e  o f  i n t e l l i g e n c e  to  pe rfo rm ance  i n  a r i t h m e t i c .  He

found  a  c o r r e l a t i o n  o f  .72 be tw een  i n t e l l i g e n c e  and a r i t h m e t i c  a c h ie v e 

m ent w i th  h i s  t o t a l  sample p o p u l a t i o n ,  b u t  o n ly  a  .39  c o r r e l a t i o n  f o r  th e  

u p p e r  27 p e r  c e n t  o f  th e  sample on the  two v a r i a b l e s ,  a  .46  f o r  t h e  m id d le  

46 p e r  c e n t ,  and a  .40  f o r  th e  low er 27 p e r  c e n t .

T ab le  1 i s  a  c o m p i la t io n  o f  th e  c o r r e l a t i o n s  d i s c u s s e d  i n  t h i s

c h a p t e r .  The f o l lo w in g  a b b r e v i a t i o n s  a r e  u se d  i n  t h e  t a b l e :  I Q - i n t e l l i -

g e n c e ,  C Q - c r e a t i v i t y ,  A ch -ach ievem en t,  and A A -a r i th m e t ic  ach ie v e m e n t .
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TABLE 1

CORRELATIONS BETWEEN VARIABLES OF THE STUDY

R e s e a rc h e r IQ-CQ IQ-Ach CQ-Ach IQ-AA CQ-AA

Ahrens

B e n t le y

C i c i r e l l i

C la rk

DeBoer

E r ic k s o n

F l e s c h e r

G i l b e r t

Owens

Rose

S c o t t  

S p ra k e r  

T o r ra n c e  

W il l ia m s

.11  to  .43 

.12 

.24(VFFO) 

.23(VE) 

.09(NFFO) 

.2 0 (NE)

.04

.55

.04

.51

,12

.20 to  .40 

,20 to  .40

.44 t o  .76

.65

.88

.5 8

,10 to  .38

.67 .26(VFFO)

.25(VE) 

.ll(NFFO)

.16  (NE)

.71

. 7 2 ( t o t a l  sample)

. 3 9 ( to p  27%)

. 4 6 (m idd le  46%)

. 4 0 (low 27%)

. 74(compu) .04 

. 7 6 (p ro s )  .09 

.29  ( t e a c h e r  m arks)

. 4 4 (ach ievem en t b a t t e r y )

.20

. 6 7 (upper  so c -e c o )

. 5 3 (m iddle)

.36

. 66

. 2 8 ( p a r t i a l )  

,31 .38



CHAPTER V 

METHODOLOGY 

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

In c lu d e d  i n  t h i s  c h a p te r  a r e  d e s c r i p t i o n s  and e x p la n a t i o n s  o f  th e  

sam ple , in s t r u m e n ts ,  and s t a t i s t i c s  used i n  th e  s tu d y .  I n  p a r t i c u l a r ,  

t h e  background— s o c i a l  and e d u c a t i o n a l - - o f  th e  s u b j e c t s  i s  p r e s e n t e d  

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

o f  t h e i r  t e a c h e r s  i n  m a th e m a tic s .

D e t a i l s  o f  r e l i a b i l i t y ,  v a l i d i t y ,  and c o r r e l a t i o n s  r e l e v a n t  to  

t h e  s tu d y  a re  g iv e n  f o r  each  o f  th e  s t a n d a r d iz e d  in s t r u m e n ts  u s e d .  A 

d e s c r i p t i o n  i s  a l s o  g iv e n  o f  th e  s u b j e c t i v e  e v a l u a t i o n  o f  s tu d e n t  p e r 

form ance i n  m ath e m a tic s  by t e a c h e r s .

Each s e t  o f  h y p o th e s e s  i s  c i t e d  and th e  c o r re s p o n d in g  s t a t i s t i c  

t o  t e s t  each h y p o t h e s i s  e x p la in e d .  Accompanying th e  e x p la n a t io n  o f  a 

g iv e n  s t a t i s t i c  i s  th e  r a t i o n a l e  and documented j u s t i f i c a t i o n  f o r  u s in g  

th e  s t a t i s t i c .

T ab le  2 c o n ta i n s  c o r r e l a t i o n s  betw een th e  Lorge-Thorndifce I n t e l l i 

gence  T e s t ,  L eve l 3 ,  and t h r e e  s t a n d a r d iz e d  a ch iev em en t  t e s t s .  The c o r r e 

l a t i o n s  a r e  l i s t e d  f o r  com pos i te  ach ievem en t  and a r i t h m e t i c  ach iev em en t .  

A lso  in c lu d e d  a r e  c o r r e l a t i o n s  betw een th e  i n t e l l i g e n c e  t e s t  and t e a c h e r  

m arks f o r  Grades 4 and 5.

60
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The Sample

S u b j e c t s  o f  t h i s  s tu d y  were p r i m a r i l y  c h i l d r e n  o f  th e  U n i v e r s i t y  

o f  Oklahoma f a c u l t y  members. O th e r s ,  up to  one t h i r d  o f  each  c l a s s ,  were 

o f f s p r i n g  o f  s t a f f  members o f  t h e  Oklahoma C e n t r a l  S t a t e  H o s p i t a l  l o c a t e d  

i n  Norman, o r  c h i l d r e n  o f  l o c a l  b u s in e s s  o r  p r o f e s s i o n a l  p e o p le .  Each 

s tu d e n t  had  been  a d m i t t e d  to  th e  s c h o o l  on th e  b a s i s  o f  th e  fo l lo w in g  

c r i t e r i a :  a b i l i t y ,  p a s t  p e rfo rm an ce  i n  s c h o o l ,  p o s s i b l e  i n d i v i d u a l  b en e 

f i t  from b e in g  i n  an  e x p e r im e n ta l  s c h o o l ;  s i b l i n g s  a l r e a d y  i n  th e  s c h o o l ,  

and p a r e n t a l  ag reem en t  to  pay a  to k e n  t u i t i o n  f e e — t h i r t y  d o l l a r s  p e r  

s e m e s te r — to  supp lem en t  th e  r e g u l a r  s t a t e  s c h o o l  m em bership  a p p r o p r i a t i o n .

I n  m a th e m a t ic s  th e  s t u d e n t s ,  w i th  th e  e x c e p t io n  o f  some t r a n s f e r s ,  

had  r e c e iv e d  i n s t r u c t i o n  b a sed  on SMSG (Schoo l M a th e m a tic s  S tudy Group) 

m a t e r i a l s  f o r  a t  l e a s t  t h r e e  y e a r s .  These m a t e r i a l s  w ere  e i t h e r  i n  th e  

p r e l i m i n a r y  o r  r e v i s e d  e d i t i o n  form. Some o f  th e  s t u d e n t s  a l s o  p a r t i c i 

p a te d  i n  t h e  e a r l i e r  p i l o t  p rogram s when th e  SMSG m a t e r i a l  was a v a i l a b l e  

o n ly  in  u n i t  form .

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

r e c e iv e d  by th e  s u b j e c t s  was under  t h e  s u p e r v i s io n  o f  a  member o f  th e  

e a r l y  SMSG w r i t i n g  teams who was a l s o  a p a r t i c i p a n t  i n  segm ents o f  the  

UICSM ( U n i v e r s i t y  o f  I l l i n o i s  Committee on School M a th e m a t ic s )  experim en

t a l  and p i l o t  p ro g ram s.  T e a ch e rs  o f  s u b j e c t s  i n  t h i s  s tu d y  r e c e iv e d  t h e i r  

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

These  t e a c h e r s ,  i n  a d d i t i o n  to  t h e i r  p r o f i c i e n c y  w i th  th e  c o n te n t  

o f  modern e le m e n ta ry  s c h o o l  m a th e m a t ic s ,  a l s o  took  an  im p o r ta n t  s t e p  b e 

yond c o n te n t  m a s te ry .  T ha t  i s ,  th e y  a c q u i r e d  th e  s k i l l  o f  e f f e c t i v e l y  

u s in g  a  h y p o t h e t i c a l  mode o f  t e a c h in g .  Em phasis on  d i s c o v e r y  t e a c h in g  i n  

th e  "new" m a th e m a t ic s  p rogram s c o n t r i b u t e d  t o  t h i s  a c q u i s i t i o n ,  a l th o u g h
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a  more s i g n i f i c a n t  f a c t o r  was an  i n t r i n s i c  b e l i e f  t h a t  l e a r n i n g  can and 

sh o u ld  be m e a n in g fu l  to  th e  s tu d e n t .  F u r th e r ,  e le m e n ta ry  s c h o o l  s tu d e n t s  

a r e  a t  a  s t a g e  o f  developm ent which i s  more c o m p a t ib le  w i th  h y p o t h e t i c a l  

modes o f  t e a c h in g  th a n  w i th  e x p o s i t o r y  modes.

In s t ru m e n ts

Four g e n e r a l  i n d i c e s  were o b ta in e d  f o r  each  s u b j e c t  o f  th e  s tu d y .  

Three  o f  t h e s e  were s t a n d a r d i z e d  m easu res  and th e  f o u r t h  was a  s u b j e c t i v e  

in d e x .  S p e c i f i c  i n d i c e s  were a l s o  r e c o r d e d - - e a c h  o f  which i s  d e s c r ib e d  

i n  su b s e q u e n t  p a ra g r a p h s .

The L o rg e -T h o rn d ik e  I n t e l l i g e n c e  T e s t s

These a r e  a s e r i e s  o f  t e s t s  o f  a b s t r a c t  i n t e l l i g e n c e  b a se d  on th e  

p rem ise  t h a t  m ost a b s t r a c t  i d e a s  w i th  which th e  s c h o o l  c h i l d  d e a l s  a r e  e x 

p r e s s e d  i n  v e r b a l  symbols. However, d e fe re n c e  i s  g iv e n  to  th e  f a c t  t h a t  

f o r  some i n d i v i d u a l s  such symbols may be an  in a d e q u a te  b a s i s  f o r  a p p r a i s i n g  

a b i l i t y .  T h e r e f o r e ,  a  p a r a l l e l  s e r i e s  o f  n o n v e rb a l  t e s t s  i s  i n c o r p o r a t e d  

i n t o  th e  t o t a l  b a t t e r y  (L o rg e -T h o rn d ik e ,  1962). F iv e  l e v e l s  o f  th e  t e s t s ,  

d e s ig n e d  f o r  k i n d e r g a r t e n e r s  to  c o l l e g e  freshm en , a r e  a v a i l a b l e .

L eve l  3 , recommended f o r  Grades 4 - 6 ,  was a d m in i s t e r e d  to  s u b j e c t s  

o f  t h i s  s tu d y  d u r in g  t h e i r  f o u r t h  y e a r .  I t  c o n s i s t s  o f  v e r b a l  and non

v e r b a l  b a t t e r i e s  w i th  a  s t a n d a r d i z e d  index  a v a i l a b l e  f o r  e ach  b a t t e r y .

The c o r r e l a t i o n  betw een th e  two b a t t e r i e s  i s  .6 6 ,  i n d i c a t i n g  t h a t  t h e r e  

i s  much i n  common be tw een  w hat i s  b e in g  m easured  i n  th e  two s e r i e s .

S u b t e s t s  o f  th e  v e r b a l  b a t t e r y  a r e  word know ledge, s e n te n c e  com

p l e t i o n ,  v e r b a l  c l a s s i f i c a t i o n ,  v e r b a l  a n a lo g i e s ,  and a r i t h m e t i c  r e a s o n in g .  

The n o n v e rb a l  b a t t e r y  s u b t e s t s  a r e  f i g u r e  a n a l o g i e s ,  f i g u r e  c l a s s i f i c a t i o n ,  

and number s e r i e s .  I n t e r c o r r e l a t i o n s  o f  v e r b a l  s u b t e s t s  r an g e d  from .47



63

to  .70  and o f  n o n v e rb a l  s u b t e s t s  from .51  to  .5 5 .  The i n t e r c o r r e l a t i o n s  

o f  th e  seven  s u b t e s t s  ranged  from .30 to  .70 .

R e l i a b i l i t y  o f  th e  L ev e l  3 t e s t  h a s  been  c o n s id e r e d  from th e  

c o n c ep t  o f  a l t e r n a t e  forms (A and B ) , odd -even , and t e s t - r e t e s t  s i t u a 

t i o n s .  A .81 c o r r e l a t i o n  was found betw een Forms A and B o f  th e  non

v e r b a l  b a t t e r y  and a .90  on th e  v e r b a l  b a t t e r y .  On each  b a t t e r y  th e  odd- 

even  r e l i a b i l i t y  in d ex  was a  .94  c o e f f i c i e n t  o f  c o r r e l a t i o n .  U sing  d i f 

f e r e n t  g ra d e  l e v e l s  and d i f f e r e n t  p e r io d s  o f  t im e ,  a  ran g e  o f  c o r r e l a t i o n s  

from .5 8  to  .79  was found a s  t e s t - r e t e s t  m easu res  o f  r e l i a b i l i t y .

Lorge and T hornd ike  (1962, p. 14) b a sed  th e  v a l i d i t y  o f  t h e i r  

t e s t s  upon th e  p re m ise ,  "The v a l i d i t y  o f  p s y c h o lo g ic a l  m easu res  may be 

e v a lu a te d  i n  some c a s e s  by how w e l l  th ey  ' r e p r e s e n t '  a c e r t a i n  a r e a  o f  

p e r fo rm a n c e ,  i n  some c a s e s  by how w e l l  th e y  ' p r e d i c t '  s p e c i f i c  c r i t e r i a  

o f  s o c i a l  im p o r ta n c e ,  i n  some c a s e s  by how m e a n in g fu l ly  th e y  ' s i g n i f y '  

some a t t r i b u t e  o r  p s y c h o lo g ic a l  c o n s t r u c t . "  The a u th o r s  b e l i e v e  the  

f o l lo w in g  s ta t e m e n ts  a b o u t  t a s k s  o f  th e  t e s t s  a r e  r e p r e s e n t a t i v e  o f  

i n t e l l i g e n t  b e h a v io r  and t h e r e f o r e  c o n t r i b u t e  to  th e  t e s t s '  v a l i d i t y :

1. The t a s k s  d e a l  w i th  a b s t r a c t  and g e n e r a l  c o n c e p ts .

2 . I n  m ost c a s e s ,  th e  t a s k s  r e q u i r e  th e  i n t e r p r e t a t i o n  and 

u se  o f  symbols.

3 . I n  l a r g e  p a r t ,  i t  i s  th e  r e l a t i o n s h i p  among c o n c e p ts  and 

symbols w i th  which th e  examinee m ust d e a l .

4 .  The t a s k s  r e q u i r e  th e  examinee to  be f l e x i b l e  i n  h i s  b a s i s  

f o r  o r g a n iz in g  c o n c e p ts  and symbols.

5. E x p e r ie n c e  m ust be u se d  i n  new p a t t e r n s .

6. 'P o w er ' i n  w ork ing  w i th  a b s t r a c t  m a t e r i a l s  i s  em phasized , 

r a t h e r  th a n  speed .
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One common p r e d i c t i o n  c r i t e r i o n  i s  th e  r e l a t i o n s h i p  o f  i n t e l l i 

gence a s  m easu red  by a t e s t  to  s u c c e s s  i n  s c h o o l .  The L o rg e -T h o rn d ik e  

t e s t s  a r e  c o r r e l a t e d  w i th  s c h o o l  s u c c e s s  a s  m easured  by a ch iev em en t  t e s t s  

o r  t e a c h e r s '  m arks .  The c o r r e l a t i o n s  p r e s e n t e d  i n  T ab le  2 w ere  computed 

f o r  th e  L e v e l  3 t e s t .  Those c o r r e l a t i o n s  betw een th e  t e s t s  and  th e  Iowa 

T e s t s  o f  B a s ic  S k i l l s  a r e  o f  p a r t i c u l a r  s i g n i f i c a n c e  t o  t h i s  s tu d y ,  a s  

a r e  th e  c o r r e l a t i o n s  be tw een  th e  t e s t s  and  t e a c h e r s '  m arks . T h e r e f o r e ,  

i f  an  i n t e l l i g e n c e  t e s t  p o s s e s s e s  s u f f i c i e n t  v a l i d i t y ,  i t  i s  e x p e c te d  to  

show a  s u b s t a n t i a l  c o r r e l a t i o n  w i th  academ ic  s u c c e s s .

TABLE 2

CORRELATIONS OF LORGE-THORNDIKE INTELLIGENCE TEST LEVEL 
THREE WITH ACHIEVEMENT TESTS AND TEACHERS' MARKS

ITBS S ta n f o r d C a l i f o r n i a T e a ch e rs ' Marks
L o rg e -T h o rn d ik e Comp A r i th A r i t h Comp A r i th Grade 4 Grade 5

V erba l .84 .74 .81 .87 .72 . 66 .76

N onverbal .68 . 66 .75 .75 .69 .52 .54

F i n a l l y ,  i f  a m easure  o f  i n t e l l i g e n c e  i s  s i g n i f y i n g  o f  i n t e l l i g e n t  

b e h a v io r ,  t h e  m easu re  sh o u ld  a l s o  show a  h ig h  c o r r e l a t i o n  w i th  o t h e r  

a c c e p te d  m easu res  o f  i n t e l l i g e n c e .  The v e r b a l  b a t t e r y  o f  th e  Lorge-Thon- 

d ik e  t e s t .  L ev e l  3 , shows a .80 c o r r e l a t i o n  w i th  th e  S t a n f o r d - B in e t  i n t e l l i 

gence t e s t ;  a  .69  c o r r e l a t i o n  was o b ta in e d  betw een th e  S t a n f o r d - B in e t  and 

th e  n o n v e rb a l  b a t t e r y  o f  t h e  L o rge -T ho rnd ike  t e s t  L eve l  3.

T o r ra n c e  T e s t s  o f  C r e a t iv e  Th ink ing

Four b a t t e r i e s ,  f i g u r a i  and v e r b a l - - e a c h  w ith  a l t e r n a t e  Forms A

and B—o f  t e s t  a c t i v i t i e s  a r e  i n c lu d e d  i n  th e s e  t e s t s .  Both th e  f i g u r a i  

and v e r b a l  b a t t e r i e s  may be used  from k i n d e r g a r t e n  th ro u g h  g r a d u a te  s c h o o l
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(T o r ra n c e ,  1966b). The f i g u r a i  b a t t e r i e s  may be a d m i n i s t e r e d  a s  group 

t e s t s  a t  a l l  l e v e l s ;  th e  v e r b a l  b a t t e r i e s ,  how ever, s h o u ld  be a d m in i s t e r e d  

o r a l l y  and i n d i v i d u a l l y  below Grade 4 .

T e s t  t a s k s  a r e  th o s e  s e l e c t e d  from  a  number o f  e x p e r im e n ta l  t a s k s  

which can  be m ost  e a s i l y  and e c o n o m ic a l ly  a d m in i s t e r e d  and s c o re d .  The 

v e r b a l  t e s t s  c o n s i s t  o f  seven  p a r a l l e l  t a s k s ,  b e l i e v e d  to  b r in g  i n t o  p la y  

somewhat d i f f e r e n t  m e n ta l  p r o c e s s e s ,  y e t  each  r e q u i r i n g  th e  s u b j e c t  to  

t h in k  i n  d i v e r g e n t  d i r e c t i o n s  i n  te rm s o f  " p o s s i b i l i t i e s . "  A c t i v i t i e s  

o f  th e  v e r b a l  b a t t e r i e s  a r e  c l a s s i f i e d  u n d e r  f o u r  c a t e g o r i e s .  The "a sk  

and g u e s s"  c a t e g o r y  h a s  t h r e e  a c t i v i t i e s — a s k in g  q u e s t i o n s  a b o u t  a  draw

in g ,  m aking g u e s s e s  a b o u t  th e  c a u se s  o f  th e  e v e n t  p i c t u r e d ,  and m aking 

g u e s se s  a b o u t  th e  p o s s i b l e  consequence  o f  th e  e v e n t .  " P ro d u c t  im prove

m ent" i s  t h e  second  c a te g o r y  and th e  a c t i v i t y  r e q u i r e s  p r o d u c t io n  o f  id e a s  

f o r  im prov ing  a to y  so t h a t  i t  w i l l  be more fun  f o r  c h i l d r e n  t o  p l a y  w i th .  

The t h i r d  c a t e g o r y ,  " u n u su a l  u s e s  and q u e s t i o n s , "  i s  composed o f  two 

a c t i v i t i e s - - t h i n k i n g  o f  u n u s u a l  u s e s  f o r  c a rd b o a rd  boxes and u n u s u a l  and 

p r o v o c a t iv e  q u e s t i o n s  a b o u t  c a rd b o a rd  b o x e s .  The f i n a l  c a te g o r y ,  " c o n s e 

q u e n c e s ,"  i s  a  s i n g l e  a c t i v i t y  t i t l e d  " j u s t  suppose"  w hich a s k s  t h e  su b 

j e c t  t o  t h i n k  o f  t h e  v a r i e d  p o s s i b l e  r a m i f i c a t i o n s  o f  an im probab le  e v e n t .

The f i g u r a i  t e s t s  i n c lu d e  t h r e e  a c t i v i t i e s ;  The f i r s t ,  " p i c t u r e  

c o n s t r u c t i o n , "  i s  d e s ig n e d  to  s t i m u l a t e  o r i g i n a l i t y  and e l a b o r a t i o n .  The 

second and t h i r d  t a s k s ,  " in c o m p le te  f i g u r e s "  and " r e p e a te d  f i g u r e s , "  e l i c i t  

i n c r e a s i n g l y  g r e a t e r  v a r i a b i l i t y  i n  f lu e n c y ,  f l e x i b i l i t y ,  o r i g i n a l i t y ,  and 

e l a b o r a t i o n .  R e q u ire d  to  pe rfo rm  w e l l  on th e  " r e p e a te d  f i g u r e s "  t a s k  i s  

th e  a b i l i t y  t o  r e t u r n  to  th e  same s t im u lu s  a g a in  and a g a in ,  p e r c e i v i n g  i t  

i n  d i f f e r e n t  ways. The " in c o m p le te  f i g u r e s "  t a s k  c a l l s  i n t o  p la y  th e  

tendency  t o  f i n d i n g  a  p u rp o se  f o r  som eth ing  t h a t  h a s  no d e f i n i t e  p u rp o se
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and to  e l a b o r a t e  on i t  i n  such a  way t h a t  th e  p u rp o se  i s  a c h ie v e d .

C o r r e l a t i o n s  be tw een  th e  f i g u r a i  and v e r b a l  b a t t e r i e s  have  n o t  

b e e n  d e te rm in e d  n o r  have  i n t e r c o r r e l a t i o n s  among th e  t e n  t a s k s .  A lthough  

c r i t i c i z e d  f o r  t h i s  o m is s io n ,  T o r ra n c e  c o n te n d s  th e  c r i t i c i s m  i s  b a se d  on 

th e  a ssu m p tio n  t h a t  c r e a t i v e  t h in k i n g  a b i l i t y  i s  a  p e r v a s i v e ,  u n i t a r y  

f u n c t i o n —an  a s su m p tio n  he  does n o t  b e l i e v e  t r u e .

However, i n t e r c o r r e l a t i o n s  o f  f i g u r a i  and v e r b a l  b a t t e r i e s - - F o r m  

A --on  m easu res  f o r  608 s t u d e n t s  e n r o l l e d  i n  Grade 6 were found to  ran g e  

from .74 to  .80 on th e  v e r b a l  m easu res  o f  f lu e n c y ,  f l e x i b i l i t y ,  and o r i g 

i n a l i t y .  F i g u r a i  m ea su res  o f  f lu e n c y ,  f l e x i b i l i t y ,  o r i g i n a l i t y ,  and e l a b 

o r a t i o n  had  an i n t e r c o r r e l a t i o n  ran g e  from .18  to  .7 7 .  F i n a l l y ,  i n t e r 

c o r r e l a t i o n s  among th e  f i g u r a i  and v e r b a l  m easu res  ranged  from .23 to  .5 2 .

C o r r e l a t i o n s  w ere a l s o  d e te rm in e d  be tw een  each  c a te g o r y  o f  a b a t 

t e r y  and t h e  b a t t e r y  t o t a l  f o r  s e v e n t y - th r e e  s tu d e n t s  e n r o l l e d  i n  Grade 5 

who were a d m in i s t e r e d  Form A o f  th e  v e r b a l  and f i g u r a i  b a t t e r i e s .  T o ta l  

s c o re  on th e  v e r b a l  had  a  .90  c o r r e l a t i o n  w i th  a sk  and g u e s s ,  a  .77 w i th  

p r o d u c t  improvement, a .87  w i th  u n u su a l  u s e s  and q u e s t i o n s ,  and a  .7 8  w i th  

co n seq u en ces .  Task c o r r e l a t i o n s  w i th  t o t a l  s c o re  on f i g u r a i  b a t t e r y  were 

.36  f o r  p i c t u r e  c o n s t r u c t i o n ,  .72 f o r  f i g u r e  c o m p le t io n ,  and .85  f o r  r e 

p e a te d  f i g u r e s .

R e l i a b i l i t y  f a c t o r s  f o r  m easu res  o f  c r e a t i v e  t h in k i n g  a r e  p r e 

sumed to  be more numerous and complex th a n  th o s e  u sed  f o r  o t h e r  m easu res  

o f  i n t e l l e c t u a l  f u n c t i o n in g .  S p e c i f i c a l l y ,  em otion , e d u c a t io n a l  e x p e r i 

e n c e s ,  m o t i v a t i o n ,  and m e n ta l  h e a l t h  a r e  f a c t o r s  to  w hich c r e a t i v i t y  

m ea su r in g  in s t r u m e n ts  t e n d  to  be s e n s i t i v e .  T o r ra n c e ,  r a t h e r  th a n  b e in g  

d i s t u r b e d  by th e  e f f e c t  t h e s e  f a c t o r s  have  on t e s t - r e t e s t  r e l i a b i l i t y ,  i s  

e n c o u ra g e d ,  s in c e  t h i s  s e n s i t i v i t y  can  be e x tre m e ly  u s e f u l  i n  d i f f e r e n t
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k in d s  o f  s i t u a t i o n s .

The t e s t - r e t e s t  d a t a  m ost r e l e v a n t  to  t h i s  s tu d y  was g le a n e d  

from a  s tu d y  in v o lv in g  118 s tu d e n t s  e n r o l l e d  in  Grades 4 ,  5 , and 6. On 

th r e e  v e r b a l  and f o u r  f i g u r a i  m easu res  th e  t e s t - r e t e s t  c o r r e l a t i o n s  

ranged  from .93 to  .7 1 .  Numerous o t h e r  segments o f  th e  t e s t s  have  been 

s tu d i e d  f o r  r e l i a b i l i t y  w i th  c o r r e l a t i o n  r e s u l t s  r a n g in g  from .3 4  to  .9 7 ,  

w i th  m ost o f  them f a l l i n g  betw een .60 and .80 .

Of p a r t i c u l a r  s i g n i f i c a n c e  in  r e f e r e n c e  to  th e  T o r ra n c e  T e s t s  o f  

C r e a t iv e  T h in k in g  i s  r e l i a b i l i t y  o f  s c o r in g .  In  a s tu d y  i n  w hich  t e a c h e r s  

and s e c r e t a r i e s  w ere each  i n s t r u c t e d  to  s c o re  a  s e t  o f  th e  t e s t s  a f t e r  

p e ru s in g  th e  s c o r in g  m anual,  th e  i n t e r -  and i n t r a s c o r e r  c o r r e l a t i o n s  were 

s i g n i f i c a n t l y  h ig h .  The lo w e s t  c o r r e l a t i o n  was .66  and th e  h i g h e s t  .9 9 ,  

w i th  th e  m a j o r i t y  b e in g  above .9 0 .

I n  d i s c u s s in g  v a l i d i t y  o f  h i s  c r e a t i v i t y  t e s t s ,  T o r ra n c e  (1966c, 

p . 23) p r e f a c e s  h i s  comments by a s c e r t a i n i n g  t h a t  i t  -c p r e s e n t l y  impos

s i b l e  to  s p e c i f y  t h e  number and ran g e  o f  t e s t  t a s k s  n e c e s s a ry  t o  g iv e  a 

com ple te  o r  even an  a d e q u a te  a s se s s m e n t  o f  a  p e r s o n ' s  p o t e n t i a l i t i e s  o f  

c r e a t i v e  b e h a v io r .  Hence he  a d m its  t h a t  the  t e s t  t a s k s  do n o t  sample 

th e  u n iv e r s e  o f  c r e a t i v e  a b i l i t i e s ,  b u t  i s  c o n f id e n t  th e y  sample a  r a t h e r  

wide ran g e  o f  a b i l i t i e s  in  such a  u n iv e r s e .

C o n ten t  v a l i d i t y  o f  th e  t e s t s  h as  been in s u r e d  by b a s in g  t e s t  

e le m en ts  on r e s e a r c h  c o n c e rn in g  th e  l i v e s  and p e r s o n a l i t i e s  o f  em inen t 

c r e a t i v e  p e o p le ,  th e  n a tu r e  o f  c r e a t i v e  p e rfo rm a n c es ,  and th e  f u n c t io n in g  

o f  th e  human mind. F u r th e r  e f f o r t  to  i n s u r e  c o n te n t  v a l i d i t y  h a s  been 

made by k e e p in g  th e  t a s k s  f r e e  o f  t e c h n i c a l  o r  s u b je c t  m a t t e r  c o n te n t .

C o n s t ru c t  v a l i d i t y  s t u d i e s  to  i n c r e a s e  u n d e r s t a n d in g  o f  th e  

q u a l i t i e s  b e in g  m easured  by th e  t e s t s  have in v o lv e d  th e  com parison  o f
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p e r s o n a l i t y  c h a r a c t e r i s t i c s  o f  p e r s o n s  s c o r i n g  e i t h e r  h ig h  o r  low on th e  

t e s t s  and c o r r e l a t i o n s  betw een th e  c r e a t i v i t y  t e s t  s c o re s  and o t h e r  

m ea su res .  S tu d ie s  i n v o lv in g  c h i l d r e n ,  a d o l e s c e n t s ,  and a d u l t s ,  s t u d i e s  

o f  growth r e s u l t i n g  from e x p e r i e n c e s  i n  c r e a t i v e  t h in k i n g ,  and s t u d i e s  

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

w i th  c o n s t r u c t  v a l i d i t y  o f  th e  T o r ra n c e  t e s t s .

To d a te  no g e n e r a l l y  a c c e p t a b l e  c r i t e r i a  o f  c o n c u r r e n t  v a l i d i t y  

have  been  found . However, T o r ra n c e  and h i s  s t a f f  have  ex p e r im e n ted  w i th  

s e v e r a l .  Some o f  th e  more a c c e p t a b l e  ones  a r e  p e e r  n o m in a t io n s ,  t e a c h e r  

n o m in a t io n s ,  and e d u c a t io n a l  ach iev em en t .

S in c e  i t  i s  n e c e s s a r y  t h a t  a  c o n s id e r a b l e  p e r i o d  o f  t im e  e la p s e  

i n  o r d e r  to  com ple te  lo n g - r a n g e  p r e d i c t i v e  v a l i d i t y  s t u d i e s ,  no d a t a  o f  

t h i s  n a tu r e  a r e  a v a i l a b l e  on th e  T o r ra n c e  T e s t s  o f  C r e a t iv e  T h in k in g .

T here  a r e  p r e s e n t l y  s t u d i e s  underw ay, w i th  some in fo r m a t io n  t h a t  i n d i c a t e s  

a  p ro b a b le  s i g n i f i c a n t  l e v e l  o f  p r e d i c t i v e  v a l i d i t y  f o r  th e  t e s t s .

The t e s t s ,  f i g u r a i  and v e r b a l .  Form A, were a d m in is t e r e d  to  su b 

j e c t s  o f  t h i s  s tu d y  d u r in g  A p r i l ,  1966. A d m i n i s t r a t i o n  and s c o r in g  o f  

each  b a t t e r y  a d h e re d  to  t h e  s u g g e s t io n s  and i n s t r u c t i o n s  a s  p r e s e n t e d  i n  

th e  r e s e a r c h  e d i t i o n  o f  th e  " D i r e c t io n s  Manual and S c o r in g  Guide"  (T or

r a n c e ,  1966b).

Iowa T e s t s  o f  B as ic  S k i l l s  

T h is  b a t t e r y  p r o v id e s  f o r  th e  m easurem ent, a t  th e  l e v e l s  o f  

Grades 3 - 9 ,  o f  c e r t a i n  s k i l l s  in v o lv e d  i n  r e a d i n g ,  w o rk -s tu d y ,  lan g u a g e ,  

and a r i t h m e t i c .  M ajor  p u rp o se s  o f  th e  t e s t s  a r e  to  p ro v id e  f o r  s t u d e n t s ,  

p a r e n t s ,  t e a c h e r s ,  c o u n s e l o r s ,  and s c h o o l  o f f i c i a l s  in fo r m a t io n  r e g a r d in g  

th e  e d u c a t io n a l  accom plishm en ts  and a b i l i t i e s  o f  each  s t u d e n t ,  which a r e
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needed  f o r  e f f e c t i v e  e d u c a t i o n a l  g u id a n c e ,  and i n f o r m a t io n  o f  an  o b j e c t i v e  

and  d ependab le  n a t u r e  f o r  th e  e v a l u a t i o n  o f  s c h o o l  and c l a s s  ach ie v e m e n t .  

Fo r  a l l  t h e s e  p u r p o s e s ,  m ea su res  o f  "g row th"  a s  w e l l  a s  o f  " s t a t u s "  a r e  

h i g h ly  d e s i r a b l e  ( L in d q u i s t  and-H ieronym us, 1964). A u n iq u e  c h a r a c t e r 

i s t i c  o f  t h e s e  t e s t s  when compared w i th  o t h e r  ac h ie v e m e n t  b a t t e r i e s  i s  

th e  co n cern  o n ly  w i th  " g e n e r a l i z e d "  i n t e l l e c t u a l  s k i l l s  and a b i l i t i e s ,  

r a t h e r  th a n  m ea su res  o f  ach ieyem en t  i n  c o n te n t  s u b j e c t s .

Each o f  t h e  form s (1 -4 )  o f  th e  b a t t e r y  c o n ta i n s  f i v e  t e s t s ,  and 

t h r e e  o f  th e  t e s t s  h av e  two o r  more s u b t e s t s .  The t o t a l  number o f  i te m s  

i n  each  form i s  1232, b u t  no one g rad e  t a k e s  more t h a n  507 o f  t h e s e  i te m s .

For each  o f  G rades  4 ,  5 , and 6 , th e  s t a n d a r d i z a t i o n  sample was n e a r  

18,000 s tu d e n t s  and th e  r e l i a b i l i t y  sample i n  each  g ra d e  was a p p ro x im a te ly  

2700 s t u d e n t s .  The s p l i t - h a l v e s  method o f  e s t a b l i s h i n g  r e l i a b i l i t y  was 

u se d  w i th  each  o f  t h e s e  sam ples  by em ploying th e  Spearman-Brown fo rm u la .

For each g rad e  l e v e l  th e  r e l i a b i l i t y  c o e f f i c i e n t  found was .9 8 .  E q u iv a 

l e n t  forms r e l i a b i l i t y  a n a l y s i s  f o r  Forms 3 and 4 w i th  G rades  4 , 5, and 6, 

p roduced  c o e f f i c i e n t s  f o r  each  o f  th e  f i v e  t e s t s  r a n g in g  from .83 to  .9 4 .

A lthough  n o t  d e s ig n e d  a s  p r e d i c t o r s  o f  f u t u r e  academ ic  s u c c e s s ,  

th e  Iowa T e s t s  o f  B a s ic  S k i l l s  r e s u l t s  i n  th e  v a r i o u s  g ra d e s  have  been  

c o r r e l a t e d  w i th  s c o r e s  on ach ievem en t  t e s t s  ta k e n  a t  a l a t e r  d a te  and 

w i th  g rade  p o i n t  a v e ra g e s  i n  h ig h  s c h o o l  and a s  a  c o l l e g e  freshm en . The 

ran g e  o f  t h e s e  c o r r e l a t i o n s  i s  from .42 to  .7 6 .

I n  t h i s  s tu d y  th e  t e s t s  were u sed  to  i n d i c a t e  g row th  i n  a r i t h m e t i c  

from O c to b e r ,  1965, to  May, 1966. Forms 3 and 4 w ere u s e d - - t h i s  f a c t  b e in g  

s i g n i f i c a n t  s in c e  t h e s e  two forms were d e s ig n e d  w i th  th e  t r a n s i t i o n  from 

" t r a d i t i o n a l "  to  "new" e le m e n ta ry  s c h o o l  m ath e m a tic s  i n  m ind.

The a r i t h m e t i c  t e s t  c o n ta i n s  two s u b t e s t s ,  " a r i t h m e t i c  c o n c e p ts "
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and "problem  s o l v i n g . "  Heavy em phasis  i s  p la c e d  upon u n d e r s t a n d in g ,  d i s 

co v e ry ,  and q u a n t i t a t i v e  t h i n k i n g .  C om pu ta t iona l  s k i l l  a s  such i s  n o t  

m easured  i n  a  s e p a r a t e  t e s t .

I n  th e  " a r i t h m e t i c  c o n c e p t s "  t e s t  th e  em phasis  i s  on u n d e r s t a n d 

in g  o f  th e  number sys tem ; o f  t e rm s ,  p r o c e s s e s ,  and o p e r a t i o n s ;  o f  geo

m e t r i c  c o n c e p t s ;  and o f  u n i t s  o f  m easurem ent. Namely, th e  s k i l l s  r e p r e 

s e n te d  a r e  c o n c e p ts  i n v o lv in g  c u r r e n c y ,  d e c im a ls ,  e q u a t io n s ,  f r a c t i o n s ,  

geom etry , m easurem ent, n u m era ls  and number sy s te m s ,  p e r  c e n t s ,  r a t i o  and 

p r o p o r t i o n ,  and whole numbers.

Examined on t h e  "p rob lem  s o lv i n g "  t e s t  i s  competence i n  a  f u n c 

t i o n a l  s e t t i n g  w i th  p rob lem s which have been  chosen  to  be c h a l l e n g in g  and 

p r a c t i c a l .  I n  a d d i t i o n  to  t h e  s k i l l s  on th e  c o n c e p ts  t e s t  i s  th e  a r i t h 

m e t ic  p r o c e s s  o r  sequence  o f  p r o c e s s e s  in v o lv e d  i n  s o lv in g  each  problem .

S u b je c t iv e  Index  o f  S t u d e n t s ' Perform ance i n  M athem atics

Each s u b je c t  i n  th e  s tu d y  was r a t e d  by h i s  t e a c h e r  d u r in g  th e  

f i n a l  two weeks o f  s c h o o l  i n  a c co rd a n ce  w i th  th e  form i n  I l l u s t r a t i o n  2.

M o d e ra te ly
S u c c e s s f u l  S u c c e s s f u l  Very S u c c e s s f u l

R eason ing

Com putation

S t r u c t u r e

N um era tion

COMPOSITE

I l l u s t r a t i o n  2 . — Form u sed  f o r  t e a c h e r s '  r a t i n g  o f  s t u d e n t ' s  
pe rfo rm ance  i n  e le m e n ta ry  s c h o o l  m ath e m a tic s
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The s u b j e c t i v e  e v a l u a t i o n  by t e a c h e r s  o f  each  s t u d e n t ' s  p e r f o r 

mance i n  m athem a tic s  d u r in g  th e  1965-66 s c h o o l  y e a r  was d e te rm in e d  by con

s i d e r i n g  th e  s t u d e n t ' s  u n d e r s t a n d in g  and a p p l i c a t i o n  o f  r e a s o n in g ,  s t r u c 

t u r e ,  c o m p u ta t io n ,  and n u m era t io n  i n  c o m p u ta t io n a l  and o t h e r  prob lem 

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

Perform ance l e v e l  i n  " r e a s o n in g "  was d e c id e d  by e v a l u a t i n g  th e  

s t u d e n t ' s  u n d e r s t a n d in g  and u se  o f :

1. r e l a t i o n s  such a s  " g r e a t e r  t h a n , "  " e q u a l  t o , "  " l e s s  t h a n , "  

and "n o t  e q u a l"

2 . l o g ic  c o n c e p ts  i n c l u d in g  q u a n t i f i e r s ,  " a l l "  and "som e,"  and 

c o n n e c t iv e s ,  " a n d ,"  " o r , "  " i f - t h e n , "  and " n o t"

3. s t r u c t u r a l  p r o p e r t i e s  o f  th e  m a th e m a t ic a l  system  under  

c o n s i d e r a t i o n  to  j u s t i f y  s t e p s  ta k e n  i n  s o lv in g  a  p roblem

4. th e  n u m era t io n  sys tem  to  f a c i l i t a t e  co m p u ta tio n  and  j u s t i f y  

s t e p s

Each s t u d e n t ' s  pe rfo rm ance  r a t i n g  i n  " s t r u c t u r e "  was d e te rm in e d  

by h i s  u n d e r s t a n d in g  and u se  o f  th e  p r o p e r t i e s  o f  th e  whole  and f r a c t i o n a l  

numbers, and th e  d i s t r i b u t i v e  p r o p e r t y  o f  m u l t i p l i c a t i o n  o v e r  a d d i t i o n .

In  " c o m p u ta t io n "  th e  s t u d e n t ' s  f a c i l i t y  w i th  and u n d e r s t a n d in g  

o f  th e  o p e r a t i o n s  and t h e i r  r e s p e c t i v e  a lg o r i th m s  d e te rm in e d  h i s  r a t i n g .  

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

f in e d  on th e  whole and f r a c t i o n a l  numbers were c o n s id e r e d .  The f r a c t i o n a l  

numbers o p e ra te d  upon were e x p re s s e d  a s  f r a c t i o n s  o r  d e c im a ls .

The i n d i v i d u a l ' s  r a t i n g  i n  " n u m e ra t io n "  was d e r i v e d  by c o n s id 

e r i n g  h i s  u n d e r s t a n d in g  and u se  o f  th e  H in d u -A rab ic  n u m era t io n  system .

T h is  i n c lu d e s  h i s  aw areness  o f  th e  c h a r a c t e r i s t i c s  o f  th e  system  i t s e l f ,  

i . e . ,  aw areness  t h a t  th e  sys tem  was c o n c e iv e d  by man and a d a p a te d  to  h i s
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n e e d s  w h e th e r  m a th e m a tic a l  o r  s o c i a l .  P a r t i c u l a r  a t t e n t i o n  was d i r e c t e d  

tow ard  th e  s t u d e n t 's  u t i l i z a t i o n  o f  p la c e  v a lu e  and expanded n o ta t io n  in  

c o m p u ta tio n a l p rob lem s and in  th e  developm ent o f  th e  a lg o r i th m s  f o r  th e  

o p e r a t io n s .  C o n s id e ra t io n  was a ls o  g iv e n  to  h i s  u n d e rs ta n d in g  o f  th e  

p r i n c i p l e  o f  g ro u p in g  and th e  r e l a t i o n s h ip  o f  g ro u p in g  to  p o s i t i o n a l  

n u m e ra tio n  sy stem s w ith  d i f f e r e n t  b a s e s .

C le a r ly  each  o f  th e  a r e a s  c i t e d  above i n t e r s e c t s  and i n t e r r e l a t e s  

w ith  one o r  more o f  th e  rem a in in g  a r e a s .  T h is  i s  d e s i r a b l e ,  y e t  d i f f i c u l t  

when o n e 's  p u rp o se  i s  a n a l i z a t i o n .  However, th e  c o n s id e r a t io n  i s  each  

a r e a  was u n iq u e  in  i t s  i n f e r r e d  o b je c t iv e s .

S t a t i s t i c s

The h y p o th e se s  o f  t h i s  s tu d y  w ere t e s t e d  by means o f  th e  c h i  sq u a re  

s t a t i s t i c .  In  p a r t i c u l a r ,  c o n tin g e n c y  t a b l e s  w ere c o n s tr u c te d  a c c o rd in g  

to  th e  p a r t i c u l a r  h y p o th e s is  f o r  "p erfo rm an ce  in  m a th e m a tic s"  and e i t h e r  

" i n t e l l i g e n c e "  o r  " c r e a t i v i t y . "  The Hq- 5 s e t  o f  h y p o th e se s  (p . 15) v a r ie d  

in  t h a t  "p e rfo rm an ce  in  m a th e m a tic s"  and th e  "co m b in a tio n "  o f  c r e a t i v i t y  

and i n t e l l i g e n c e  w ere  th e  v a r i a b le s  c o n s id e re d .

M cNemar's (1955, p . 223) d i s c u s s io n  was a c c e p te d  a s  a  b a s i s  f o r  

u t i l i z i n g  c h i  sq u a re  t e s t s  in  t h i s  s i t u a t i o n .  He i n d ic a te s  t h a t  c h i  

sq u a re  may be a p p l ie d  when th e  v a r i a b le s  c l a s s i f i e d  a r e  b a sed  on c o n t in 

uous o r  o rd e re d  d i s c r e t e  d a ta  f o r  s u b je c t s  o f  th e  sam ple . T h is  i s  a  means 

f o r  t e s t i n g  th e  s ig n i f i c a n c e  o f  th e  c o r r e l a t i o n  o r  a s s o c i a t i o n  a s  a  chance 

d e p a r tu re  from  z e ro  o r  no r e l a t i o n s h ip  betw een  th e  v a r i a b l e s .  F u r th e r ,  

th e  s ig n i f i c a n c e  t e s t  can  be u sed  w ith o u t  know ledge o f  th e  d e g re e  o f  c o r 

r e l a t i o n .  F i n a l l y ,  he  s t a t e s  t h a t ,  " I f  we have e v id e n c e  f o r  c o r r e l a t i o n  

. . . from  th e  c h i  sq u a re  te c h n iq u e , we can  p ro c e e d  to  c a l c u l a t e  an  a p p ro 
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p r i a t e  c o e f f i c i e n t  f o r  m easu rin g , th e  d e g re e  o f  c o r r e l a t i o n . "

"P e rfo rm an ce  i n  m a th e m a tic s"  was c l a s s i f i e d  i n to  th r e e  c a t e g o r i e s — 

v e ry  s u c c e s s f u l  (V ), s u c c e s s f u l  (S ) ,  and m o d e ra te ly  s u c c e s s f u l  (M )--fo r  

th e  t e a c h e r 's  s u b je c t iv e  e v a lu a t io n  o f  p e rfo rm an ce  and in to  two c a te g o r -  

i e s - - h i g h  g a in  (HG) o r  low g a in  (L G )-- fo r  th e  p r e -  and p o s t - t e s t  m easu res 

b a sed  on th e  mean g a in .  In  a l l  c a s e s  save  th o se  in  s e t  H q - 5 ,  i n t e l l i g e n c e  

and c r e a t i v i t y  w ere each  c a te g o r iz e d  in to  h ig h  and low b a se d  on th e  m edian 

sc o re  o f  th e  sam p le . F o r th e  H q - 5  s e t ,  c r e a t i v i t y  and i n t e l l i g e n c e  w ere 

com bined to  form  f o u r  c a te g o r i e s - - h ig h  i n t e l l i g e n c e ,  h ig h  c r e a t i v i t y  (HIHC); 

h ig h  i n t e l l i g e n c e ,  low c r e a t i v i t y  (HILC); low i n t e l l i g e n c e ,  h ig h  c r e a t i v i t y  

(LIHC); and  low i n t e l l i g e n c e ,  low c r e a t i v i t y  (LIL C ).

I n  th e  H q - 1  and H q - 2  s e t s  (p . 13) 3x2 c o n tin g e n c y  t a b l e s  w ere con

s t r u c te d  f o r  each  o f  th e  h y p o th e s e s . R e s u l ts  w ere s i g n i f i c a n t  f o r  th e  

t e s t s  o f  r e l a t i o n s h i p  betw een p e rfo rm an ce  i n  m ath em a tic s  and i n t e l l i g e n c e  

b u t n o n s ig n i f i c a n t  f o r  th o se  o f  c r e a t i v i t y  and p e rfo rm an ce  in  m a th e m a tic s . 

However, a  c o r r e l a t i o n  was com puted f o r  th e  "co m p o site "  p e rfo rm an ce  in  

m a th em a tic s  and  c r e a t i v i t y  a s  w e l l  a s  f o r  each  o f  th e  p e rfo rm an ce  m easu res 

and i n t e l l i g e n c e  by u s in g  th e  " t r i s e r i a l "  te c h n iq u e .

W ert (1954 , p . 271) e n d o rse s  u se  o f  th e  t r i s e r i a l  s t a t i s t i c  and 

s t a t e s  t h a t  i n  some s i t u a t i o n s  th e  l i n e a r  r e l a t i o n s h i p  i s  d e s i r e d  betw een 

a  c o n tin u o u s  v a r i a b l e  and a  v a r i a b l e  c l a s s i f i e d  i n to  th r e e  o r  m ore b ro ad  

g ro u p s . He u s e s  a s  an exam ple te a c h e r s  who g ra d u a te d  from  a  c o l le g e  who 

w ere r a t e d  r e g a r d in g  te a c h in g  s u c c e s s  on a s c a le  o f  h ig h , medium, and low.

C o n tin g en cy  t a b l e s  f o r  th e  H q - 3  and H q - 4  s e t s  o f  h y p o th e s e s  (p .

14) w ere 2x2 and s ix  in  num ber. Chi sq u a re s  w ere n o n s ig n i f ic a n t  in  each  

c a s e ,  b u t  z e r o - o r d e r  c o r r e l a t i o n s  w ere com puted f o r  c r e a t i v i t y  and  th e  

th r e e  in d ic e s  o f  pe rfo rm an ce  in  m a th e m a tic s  a n d -a ls o  i n t e l l i g e n c e  and  th e
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th r e e  i n d ic e s .  Then p a r t i a l  c o r r e l a t i o n s  w ere com puted f o r  each  o f  th e  

s ix  s i t u a t i o n s  w ith  c r e a t i v i t y  o r  i n t e l l i g e n c e  b e in g  p a r t i a l e d  o u t r e 

s p e c t iv e ly .  T h is  te c h n iq u e  e l im in a te s  th e  ten d en cy  o f  th e  rem a in in g  in d e 

pen d en t v a r i a b l e  to  o b sc u re  th e  r e l a t i o n .  G u i l fo rd  (1965, p . 339) u se s  

th e  c o r r e l a t i o n  betw een  h e ig h t  and w e ig h t w ith  age r u le d  ( p a r t i a l e d )  o u t 

a s  an  exam ple.

The p a r t i a l  c o r r e l a t i o n  c o m p u ta tio n s  w ere fo llo w e d  by a  com bining 

o f  th e  in d ic e s  o f  i n t e l l i g e n c e  and c r e a t i v i t y .  T h is  com bined in d e x , 

c r e a t i v i t y - i n t e l l i g e n c e ,  was th e n  c o r r e l a t e d ,  by m u l t ip l e  c o r r e l a t i o n ,  

to  each  o f  th e  th r e e  in d ic e s  o f  p e rfo rm an ce  in  m a th e m a tic s . As G u ilfo rd  

(1965, p . 394) e x p la in s ,  a  m u l t ip l e  c o r r e l a t i o n  i n d ic a te s  th e  s t r e n g th  o f  

r e l a t i o n s h i p  b e tw een  one v a r i a b l e  and two o th e r s  ta k e n  to g e th e r .  I t  sh o u ld  

be n o te d  t h a t  th e  c o r r e l a t i o n s  d e r iv e d  in  t h i s  s tu d y  a r e  r e l e v a n t  o n ly  to  

c o n d i t io n s  and s u b je c t s  in v o lv e d .

Two c o n tin g e n c y  t a b l e s  w ere c o n s tr u c te d  f o r  th e  c h i  sq u a re  t e s t s  

o f  th e  Ho“ 5 h y p o th e s e s . The f i r s t ,  co n cern ed  w ith  th e  r e l a t i o n s h i p  o f  

"p erfo rm an ce"  in  m ath em atics  a s  d e te rm in e d  by te a c h e r s  and  th e  "co m b in a tio n "  

o f  i n t e l l i g e n c e  and c r e a t i v i t y ,  was a  3x4 t a b l e  and th e  se co n d , co ncerned  

w ith  "p e rfo rm an ce"  a s  m easured  by th e  Iowa T e s ts  o f  B a s ic  S k i l l s  and th e  

" c o m b in a tio n ,"  was a  2x4 t a b l e .



CHAPTER VI 

ANALYSIS OF DATA 

I n t r o d u c t io n

T h is  c h a p te r  c o n ta in s  i n  word form and i n  many c a s e s  t a b u la r  

form  th e  r e s u l t s  o f  t h i s  s tu d y . The s e c t io n  on raw  d a ta  d e s c r ib e s  and 

i l l u s t r a t e s  th e  in s t ru m e n ts  u se d  and th e  c o l l e c t i v e  r e s u l t s .  These 

r e s u l t s  a r e  in  term s o f  f r e q u e n c ie s ,  m easu res o f  v a r i a n c e ,  and m easu res  

o f  c e n t r a l  ten d en cy .

In  th e  s t a t i s t i c s  s e c t io n  th e  d a ta  u se d  to  t e s t  th e  n u l l  h y p o th 

e s e s  o f  th e  s tu d y  a r e  p r e s e n te d  and d is c u s s e d . The s t a t i s t i c  em ployed 

f o r  t h i s  p u rp o se  was th e  c h i  s q u a re . D ata a c q u ir e d  from  su b seq u e n t 

c o m p u ta tio n s  o f  a  s e r i e s  o f  c o r r e l a t i o n s  a r e  th e n  r e p o r te d .  V ario u s  

c o r r e l a t i o n s  te c h n iq u e s  w ere u sed  in  d e r iv in g  th e  r e s u l t i n g  c o e f f i c i e n t s .

The f i n a l  s e c t i o n  o f  th e  c h a p te r  i s  a t h e o r e t i c a l  d i s c u s s io n  o f  

p o s s ib le  im p l ic a t io n s  and in f e r e n c e s  t h a t  w ere g e n e ra te d  by th e  s tu d y .

The d is c u s s io n  c o n ta in s  id e a s  t h a t  em anate d i r e c t l y  from  th e  d a ta  and 

a l s o  n o t io n s  t h a t  a r e  o f  a  d iv e r g e n t  n a tu re  b u t  c lo s e l y  a s s o c ia te d  w ith  

th e  c e n t r a l  theme o f  th e  s tu d y .

Raw D ata

An i n t e l l i g e n c e  s c o re  (IQ) was o b ta in e d  from  th e  L o rg e-T h o rn d ik e  

T e s ts  f o r  each  s u b je c t ,  a s  was a  c r e a t i v i t y  s c o re  (CQ) from  th e  T o rra n c e
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T e s ts  o f  C r e a t iv e  T h in k in g . Each IQ s c o re  was a  w e ig h te d  a v e ra g e  o f  v e r 

b a l  and n o n v e rb a l  s c o r e s ,  w hich w ere sums o f  th r e e  o r  m ore t e s t s  i n  each  

c a te g o ry . C r e a t i v i t y  s c o re s  w ere d e te rm in e d  by a  sum m ation o f  f i g u r a i  

and v e r b a l  s c o r e s ,  w hich w ere sums o f  f lu e n c y , f l e x i b i l i t y ,  o r i g i n a l i t y ,  

and e la b o r a t io n  on th e  ta s k s  o f  th e  r e s p e c t iv e  c a te g o r i e s .  D ata  u sed  in  

t h i s  s tu d y  r e l e v a n t  to  i n t e l l i g e n c e  and c r e a t i v i t y  a r e  p r e s e n te d  i n  T ab le

3 .

TABLE 3

VARIANCE AND CENTRAL TENDENCY MEASURES OF CREATIVITY 
AND INTELLIGENCE OBTAINED FROM SIXTY-NINE 

STUDENTS IN GRADES FOUR, FIVE, AND SIX

C e n tra l  Tendency V a ria n c e
Mean M edian S ta n d a rd  D e v ia tio n Ranee

I n t e l l i g e n c e 123 124 11 .8 94-158

C r e a t i v i t y 265 270 68 .3 109-441

In fo rm a tio n  p e r t a in in g  to  p e rfo rm an ce  in  m a th e m a tic s  a s  d e te rm in e d  

by te a c h e r s  o f  th e  s u b je c t s  i s  sum m arized in  T ab le  4 . T hese a r e  th e  d a ta  

u se d  to  e s t a b l i s h  a  s i g n i f i c a n t  o r  n o n s ig n i f ic a n t  r e l a t i o n s h i p  betw een  

p e rfo rm an ce  in  m ath e m a tic s  and c r e a t i v i t y  a n d /o r  i n t e l l i g e n c e .

A seco n d  m easu re  o f  p e rfo rm an ce  i n  m a th em a tic s  was d e r iv e d  from  

p r e -  and p o s t - t e s t s  o f  th e  a r i t h m e t i c  s e c t io n  o f  a  s ta n d a r d iz e d  a c h ie v e 

m ent b a t t e r y .  T hese d a ta  a p p e a r  i n  T ab le  5.

S t a t i s t i c a l  T e s ts  

Each n u l l  h y p o th e s is  o f  th e  s tu d y  was t e s t e d  by th e  c h i  sq u a re  

te c h n iq u e . In  d e te rm in in g  th e  d e g re e  o f  r e l a t i o n s h i p  f o r  h y p o th e s e s  t h a t  

w ere r e j e c t e d  and  o th e r s  t h a t  w ere c o n je c tu r e d  to  be  r e l e v a n t  i f  one o f



77

th e  in d e p e n d e n t v a r i a b l e s  w ere r u le d  o u t ,  o r  i f  th e  in d e p e n d e n t v a r i a b le s  

w ere com bined, and a p p r o p r ia t e  c o r r e l a t i o n  te c h n iq u e  was em ployed.

TABLE 4

NUMBER OF STUDENTS PLACED IN EACH OF THREE PRESCRIBED 
PERFORMANCE LEVELS ON FIVE CATEGORIES OF ELEMENTARY 
SCHOOL MATHEMATICS AS RATED BY TEACHERS FOR SIXTY- 

NINE STUDENTS IN GRADES FOUR, FIVE, AND SIX

M o d e ra te ly
S u c c e s s fu l

Very
S u c c e s s fu l  S u c c e s s fu l

R eason ing 23 23 23

C om putation 20 27 22

S t r u c tu r e 27 26 16

N um era tion 26 24 19

C om posite 24 23 22

TABLE 5

DATA ON THREE 
AS ASSAYED 
SIXTY-NINE

1 CATEGORIES OF MATHEMATICAL PERFORMANCE 
BY THE IOWA TESTS OF BASIC SKILLS FOR 
STUDENTS IN GRADES FOUR, FIVE, AND SIX

G rade E q u iv a le n t D if fe r e n c e  in  M onths
O c to b e r May Ranee Mean

C oncep ts 5 .9  6 .6 -11  to  23 6 .8

Problem  S o lv in g 5 .7  6 .3 -19  to  31 6 .8

Com posite 5 .7  6 .4 -8  to  18 6 .7

Chi S quare

In  t e s t i n g  th e  h y p o th e s e s  in  s e t  H q - 1 ,  3 x 2  c o n tin g e n c y  t a b l e s  w ere 

u se d  to  d e te rm in e  th e  e x is t e n c e  o f  a  s i g n i f i c a n t  r e l a t i o n s h i p  betw een  

i n t e l l i g e n c e  and p e rfo rm an ce  i n  m a th e m a tic s . The c h i  sq u a re  o b ta in e d  i n
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each  was s i g n i f i c a n t  a t  th e  .01  l e v e l  o f  c o n f id e n c e . Hence th e  n u l l  h y 

p o th e s e s ,  "When a s u b je c t iv e  e v a lu a t io n  o f  p e rfo rm an ce  in  m ath em atics  i s  

made by t e a c h e r s ,  th e r e  i s  no s i g n i f i c a n t  r e l a t i o n s h i p  betw een i n t e l l i 

gence and m a th e m a tic a l pe rfo rm ance  in  (a) r e a s o n in g , (b) co m p u ta tio n ,

(c )  s t r u c t u r e ,  (d) n u m e ra tio n , and (e )  g e n e r a l ,"  w ere a l l  r e j e c t e d .  T a b le  

6 c o n ta in s  in fo rm a tio n  r e l e v a n t  to  th e  r e s u l t s  o f  h y p o th e se s  in  s e t  Hq-1 .

Chi sq u a re  s c o re s  w ere computed f o r  each  h y p o th e s is  in  s e t  Hq- 2 

in  a  m anner l i k e  t h a t  u sed  f o r  th e  H ^ -l h y p o th e s e s . E x c e p tin g  th e  h y p o th e 

s i s  c o n c e rn e d  w ith  s t r u c t u r a l  a s p e c ts  o f  number sy s te m s , a l l  o b ta in e d  c h i  

s q u a re s  w ere n o n s ig n i f ic a n t  a t  th e  .05  l e v e l .  T h e re fo re  th e  n u l l  h y p o th e 

s i s ,  "When a  s u b je c t iv e  e v a lu a t io n  o f  pe rfo rm ance  i n  m ath em atics  i s  made 

by t e a c h e r s ,  th e r e  i s  no s i g n i f i c a n t  r e l a t i o n s h ip  betw een  c r e a t i v i t y  and 

m a th e m a tic a l perfo rm ance  in  s t r u c t u r e , "  was r e j e c t e d .  The summary o f  t h i s  

in fo rm a tio n  i s  p r e s e n te d  in  T ab le  7 .

B e fo re  t e s t i n g  th e  h y p o th e se s  in  s e t s  Hq- 3 and H^“4 , th e  mean 

change in  each  o f  th e  th r e e  c a te g o r ie s  o f  m ath em a tic s  perfo rm ance  was 

checked  by th e  t - t e s t  to  d e te rm in e  t h a t  th e  change was s i g n i f i c a n t .  The 

t - s c o r e  o b ta in e d  f o r  th e  c o n c e p t c a te g o ry  was 8 .2 9 1 4 . In  th e  problem  

s o lv in g  c a te g o ry , th e  t - s c o r e  was 6 .5 2 0 1 . The co m p o site  c a te g o ry  p roduced  

a t - s c o r e  o f  9 .9 0 5 7 . In  each  in s ta n c e  th e  t - s c o r e  in d ic a te d  th e  change 

to  be s i g n i f i c a n t l y  d i f f e r e n t  from z e ro .

The h y p o th e se s  in  s e t s  Hq-S  and Ho~4 w ere th e n  t e s t e d  f o r  s i g n i f i 

c a n t  r e l a t i o n s h i p s  by th e  c h i  sq u a re  s t a t i s t i c .  A 2x2 c o n tin g e n cy  t a b l e  

was c o n s tr u c te d  f o r  each  o f  th e  h y p o th e se s  and th e  r e s u l t i n g  c h i  sq u a re  

checked  f o r  s ig n i f ic a n c e  a t  th e  .05  l e v e l  o f  c o n f id e n c e . R e s u lts  o f  th e s e  

t e s t s  a p p e a r  in  T ab les  8 and 9 . From th e  t a b le  o f  c h i  sq u a re  (W ert, 1954, 

p . 423) n o t  one o f  th e  h y p o th e se s  c o u ld  be r e j e c t e d  a t  th e  p r e s c r ib e d  l e v e l .



TABLE 6

CHI SQUARE DATA FOR SIX CLASSIFICATIONS OF INTELLIGENCE AND MATHEMATICAL 
PERFORMANCE AS RATED BY TEACHERS IN FIVE CATEGORIES OF PERFORMANCE 

FOR SIXTY-NINE STUDENTS IN GRADES FOUR, FIVE, AND SIX

R eason ing C om putation S t r u c tu r e N um eration C om posite
A c tu a l E xpec ted A c tu a l E x p ec ted A c tu a l E x p ec ted A c tu a l  E x p ec ted A c tu a l E x p ec ted

H igh i n t e l l i g e n c e  
and  v e ry  s u c c e s s 
f u l  p e rfo rm an ce 21 11.7 20 11 .2 14 8 .1 16 9 .6 21 11 .2

H igh i n t e l l i g e n c e  
and s u c c e s s f u l  
pe rfo rm an ce 9 11 .7 8 13.7 16 13 .2 12 1 2 .1 9 11 .7

H igh i n t e l l i g e n c e  
and m o d e ra te ly  su c 
c e s s f u l  pe rfo rm an ce 5 1 1 .6 7 10 .1 5 13 .7 7 1 3 .3 5 1 2 .1

Low i n t e l l i g e n c e  
and  v e ry  s u c c e s s 
f u l  p e rfo rm an ce 2 11 .3 2 1 0 .8 2 7 .9 3 9 .4 1 1 0 .8

Low i n t e l l i g e n c e  
and  s u c c e s s f u l  
p e rfo rm an ce 14 11 .3 19 13 .3 10 1 2 .8 12 1 1 .9 14 11 .3

Low i n t e l l i g e n c e  
and  m o d e ra te ly  s u c 
c e s s f u l  p e rfo rm an ce 18 1 1 .4 13 9 .9 22 1 3 .3 19 12 .7 19 1 1 .9

CHI SQUARES 23 .8916* 20 .8213* 21 .1261* 14 .7352* 27 ,1380*

VO

* S ig n i f i c a n t  a t  th e  1 p e r  c e n t  l e v e l  o f  c o n f id e n c e  w ith  2 d e g re e s  o f  freedom .



TABLE 7

CHI SQUARE DATA FOR SIX CLASSIFICATIONS OF CREATIVITY AND MATHEMATICAL 
PERFORMANCE AS RATED BY TEACHERS IN FIVE CATEGORIES OF PERFORMANCE 

FOR SIXTY-NINE STUDENTS IN GRADES FOUR, FIVE, AND SIX

R eason ing C om putation S t r u c tu r e N um era tion C om posite
A c tu a l E x p ec ted A c tu a l E x p ec ted A c tu a l E x p ec ted A c tu a l E x p ec ted A c tu a l  E x p ec ted

H igh c r e a t i v i t y  
and v e ry  s u c c e s s 
f u l  p e rfo rm an ce 12 11.7 8 11 .2 9 8 .1 9 9 .6 12 11 .2

H igh c r e a t i v i t y  
and s u c c e s s f u l  
p e rfo rm an ce 9 11.7 16 13 .7 8 1 3 .2 10 1 2 .1 9 11 .7

H igh c r e a t i v i t y  
and m o d e ra te ly  s u c 
c e s s f u l  p e rfo rm an ce 14 1 1 .6 11 1 0 .1 18 13 .7 16 13 .3 14 1 2 .1

Low c r e a t i v i t y  
and  v e ry  s u c c e s s 
f u l  pe rfo rm ance 11 11 .3 14 1 0 .8 7 7 .9 10 9 .4 10 1 0 .8

Low c r e a t i v i t y  
and s u c c e s s f u l  
pe rfo rm ance 14 11 .3 11

'j

13 .3 18 1 2 .8 14 1 1 .9 14 11 .3

Low c r e a t i v i t y  
and  m o d e ra te ly  su c 
c e s s f u l  p e rfo rm an ce 9 11 .4 9 9 .9 9 13 .3 10 12.7 10 1 1 .9

CHI SQUARES 2.2857 2 .8083 7 .1034* 1.9329 1.9863

g

^ S ig n i f i c a n t  a t  th e  5 p e r  c e n t  l e v e l  o f  c o n f id e n c e  w ith  2 d e g re e s  o f  freedom .
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T h e re fo re  th e  n u l l  h y p o th e s e s , "When g a in  (g row th ) i s  d e te rm in e d  by p r e -  

and p o s t - t e s t s  m easu res  o f  a s ta n d a r d iz e d  a r i t h m e t i c  ach ievem en t b a t t e r y  

t h e r e  i s  no s i g n i f i c a n t  r e l a t i o n s h i p  betw een i n t e l l i g e n c e  / o r  c r e a t i v i t y /  

and g a in  i n  (a) m a th e m a tic a l c o n c e p ts ,  (b) m a th e m a tic a l p roblem  s o lv in g ,  

and (c) co m p o site  m a th e m a tic a l c h a n g e ,"  w ere n o t  r e j e c t e d .

TABLE 8

CHI SQUARE DATA FOR FOUR CLASSIFICATIONS OF INTELLIGENCE AND 
MATHEMATICAL PERFORMANCE AS ASSAYED BY THE IOWA TESTS OF 

BASIC SKILLS IN THREE CATEGORIES OF PERFORMANCE FOR 
SIXTY-NINE STUDENTS IN GRADES FOUR, FIVE, AND SIX

C oncep ts Problem  S o lv in g Com posite
A c tu a l E x p ec ted A c tu a l E x p ec ted A c tu a l E x p ec ted

High i n t e l l i g e n c e  
and h ig h  p e rfo rm an ce  13 15 .7 18 • 17 .2 16 16 .7

High i n t e l l i g e n c e  
and low p erfo rm an ce 22 19 .3 17 1 7 .8 19 18 .3

Low i n t e l l i g e n c e  
and h ig h  p e rfo rm an ce 18 15 .3 16 1 6 .8 17 16 .3

Low i n t e l l i g e n c e  
and low perfo rm ance 16 18 .7 18 17 .2 17 17 .7

CHI SQUARES* 1.70836 0 .14848 0.11385

*At th e  5 p e r  c e n t  l e v e l  o f  c o n f id e n c e  w ith  1 d e g re e  o f  freedom  a l l  c h i  
sq u a re s  w ere i n s i g n i f i c a n t .

A 3x4 c o n tin g e n c y  t a b l e  was c o n s tr u c te d  to  d e te rm in e  th e  e x is te n c e  

o f  a  r e l a t i o n s h i p  betw een  a  com bined in d e x , " c r e a t i v i t y - i n t e l l i g e n c e , "  

and p e rfo rm an ce  in  m ath e m a tic s  a c c o rd in g  to  th e  t e a c h e r s ' e s t im a t io n  o f  

p e rfo rm a n c e . The t a b le  r e p r e s e n te d  th r e e  l e v e l s  o f  perfo rm ance  and fo u r  

" c r e a t i v i t y - i n t e l l i g e n c e "  c l a s s i f i c a t i o n s .  A c h i  sq u a re  o f  30 .48098  was 

o b ta in e d  and found to  be s i g n i f i c a n t  a t  th e  .0 1  l e v e l  w ith  s ix  d e g re e s
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o f  freedom . H ence, n u l l  h y p o th e s is  H g-5a, "T here  i s  no s i g n i f i c a n t  r e l a 

t io n s h ip  betw een  a  com bined in d e x , 'c r e a t i v i t y - i n t e l l i g e n c e '  and compos

i t e  p e rfo rm an ce  in  e le m e n ta ry  sc h o o l m ath em atics  when pe rfo rm ance  i s  d e 

te rm in e d  by th e  t e a c h e r s ' s u b je c t iv e  e v a lu a t io n ,"  was r e j e c t e d .

TABLE 9

CHI SQUARE DATA FOR FOUR CLASSIFICATIONS OF CREATIVITY AND 
MATHEMATICAL PERFORMANCE AS ASSAYED BY THE IOWA TESTS OF 

BASIC SKILLS IN THREE CATEGORIES OF PERFORMANCE FOR 
SIXTY-NINE STUDENTS IN GRADES FOUR, FIVE, AND SIX

C oncep ts Problem  S o lv in g Com posite
A c tu a l E x p ec ted A c tu a l E xpec ted A c tu a l E xpec ted

High c r e a t i v i t y  
and h ig h  perfo rm ance 15 13 .7 19 17 .2 18 16.7

High c r e a t i v i t y  
and low perfo rm ance 20 19 .3 16 1 7 .8 17 18 .3

Low c r e a t i v i t y  
and h ig h  perfo rm ance 16 15 .3 15 1 6 .8 15 16 .3

Low c r e a t i v i t y  
and low perfo rm ance 18 18 .7 19 17 .2 19 17.7

CHI SQUARES* 0.11431 0.75161 0.39269

*None o f  th e  c h i  sq u a re s  was s i g n i f i c a n t  a t  th e  5 p e r  c e n t  l e v e l  w ith  1 
d e g ree  o f  freedom .

To d e te rm in e  th e  e x is te n c e  o f  r e l a t i o n s h ip s  betw een th e  com bined 

in d ex  ( c r e a t i v i t y - i n t e l l i g e n c e )  and perfo rm ance in  m ath em atics  a s  d e t e r 

m ined by p r e -  and p o s t - t e s t s  o f  a  s ta n d a rd iz e d  t e s t ,  a  2x4 c o n tin g e n c y  

t a b l e — two l e v e l s  o f  p e rfo rm an ce  and fo u r  c l a s s i f i c a t i o n s  o f  c r e a t i v i t y -  

i n te l l i g e n c e - - w a s  c o n s tr u c te d .  The o b ta in e d  c h i  s q u a re , .62971 , was n o t  

s i g n i f i c a n t  a t  th e  5 p e r  c e n t  l e v e l  o f  c o n fid e n c e  w ith  3 d e g re e s  o f  f r e e 

dom. T h e re fo re ,  h y p o th e s is  H g-Sb, "There i s  no s i g n i f i c a n t  r e l a t i o n s h i p
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betw een  a  com bined in d ex  o f  ' c r e a t i v i t y - i n t e l l i g e n c e '  and co m p o site  p e r 

form ance i n  e le m e n ta ry  sc h o o l m a th em a tic s  when p e rfo rm an ce  i s  d e te rm in e d  

by g row th  a s  m easured  by a  s ta n d a r d iz e d  a r i t h m e t i c  ach iev em en t b a t t e r y , "  

was a c c e p te d .

C o r r e la t io n s

A p ro d u c t  moment c o r r e l a t i o n  o f  .25  was found betw een th e  i n t e l l i 

gence and  c r e a t i v i t y  in d ic e s  o f  s u b je c t s .  T h is  was s i g n i f i c a n t  a t  th e  

.0 5  l e v e l .  I t  was a l s o  w e l l  w i th in  th e  ran g e  o f  c o r r e l a t i o n s  found  by 

many r e s e a r c h e r s  s tu d y in g  th e  two phenomena (T ab le  1 ) .

The t r i s e r i a l  c o r r e l a t i o n  te c h n iq u e  was em ployed to  d e te rm in e  th e  

d e g re e  o f  r e l a t i o n s h i p  b e tw een  i n t e l l i g e n c e  and perfo rm ance  i n  m ath e m a tic s  

a s  d e te rm in e d  by t e a c h e r s .  To p ro v id e  e s t im a te d  moment c o r r e l a t i o n s  each  

t r i s e r i a l  c o e f f i c i e n t  was m u l t ip l i e d  by a  " c o r r e c t io n  f a c t o r  f o r  c o a rs e  

g ro u p in g "  (W ert, 1954, p . 4 2 9 ) . The r e s u l t s ,  e s t im a te d  r ' s  f o r  i n t e l l i 

gence and m a th e m a tic a l  p e rfo rm a n c e , f o r  th e  f i v e  pe rfo rm ance  c a te g o r i e s  

w ere a s  f o l lo w s :  (1) r e a s o n in g , .6 5 ;  (2 ) c o m p u ta tio n , .5 0 ; (3 ) s t r u c t u r e ,

.6 2 ;  (4) n u m e ra tio n , .5 6 ;  and (5 ) c o m p o s ite , .6 8 . A l l  c o r r e l a t i o n s  w ere 

s i g n i f i c a n t  a t  th e  .01  l e v e l .

A t r i s e r i a l  c o r r e l a t i o n  was a l s o  d e r iv e d  f o r  th e  d e g ree  o f  r e l a 

t io n s h ip  be tw een  c r e a t i v i t y  and pe rfo rm an ce  in  m a th e m a tic a l s t r u c t u r e  a s  

d e te rm in e d  by t e a c h e r s .  A lthough  th e  c h i  sq u a re  o b ta in e d  to  r e j e c t  th e  

c o rre s p o n d in g  n u l l  h y p o th e s is  was s i g n i f i c a n t  a t  th e  .05  l e v e l ,  th e  r e 

s u l t i n g  e s t im a te d  r ,  .0 4 ,  was n o t s i g n i f i c a n t  s in c e  such a c o r r e l a t i o n  

r e q u i r e s  a  sam ple p o p u la t io n  o f  o v e r  one th o u san d  to  be s i g n i f i c a n t .

Z e ro -o rd e r  moment c o r r e l a t i o n s  w ere com puted f o r  each  o f  th e  m athe

m a t ic a l  p e rfo rm an ce  c a te g o r i e s - - c o n c e p t s ,  p rob lem  s o lv in g ,  c o m p o s ite —and
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i n t e l l i g e n c e .  T hese p e rfo rm an ce  c a te g o r i e s ,  o b ta in e d  from  th e  p r e -  and 

p o s t - t e s t s  o f  th e  Iowa T e s ts  o f  B a s ic  S k i l l s ,  w ere a l s o  c o r r e la t e d  w ith  

c r e a t i v i t y .  W ith th e  e x c e p t io n  o f  th e  c o r r e l a t i o n  betw een  p rob lem  s o lv 

in g  and c r e a t i v i t y ,  a l l  o th e r  z e ro - o rd e r  c o r r e l a t i o n s  w ere i n s i g n i f i c a n t .  

The s i g n i f i c a n t  c o e f f i c i e n t ,  .2 7 , was a c c e p ta b le  a t  th e  5 p e r  c e n t  l e v e l  

o f  c o n f id e n c e  f o r  a  sam ple o f  69. The moment c o r r e l a t i o n s ,  p r e s e n te d  in  

T ab le  10, w ere th e n  u sed  i n  d e r iv in g  p a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t s .

TABLE 10

CORRELATIONS BETWEEN INTELLIGENCE AND/OR CREATIVITY AND THREE 
CATEGORIES OF PERFORMANCE IN MATHEMATICS AS ASSAYED BY 

THE IOWA TESTS OF BASIC SKILLS FOR SIXTY-NINE 
STUDENTS IN GRADES FOUR, FIVE, AND SIX

Moment P a r t i a l M u lt ip le
10 CQ lOfCO r u le d  o u t)  CQ(IQ r u le d  o u t) 10 & CO

C oncep ts - .1 0  - .0 9 - .  18 - .0 7 .12

Problem  S o lv in g - .1 0  .27*** - .1 8 .30** .4 1 *

C om posite - .1 6  .16 - .2 1 .20 .26

* * * S ig n if ic a n t  a t  th e  .05  l e v e l  
* * S ig n i f i c a n t  a t  th e  .02  l e v e l  

* S ig n i f i c a n t  a t  th e  .01  l e v e l

F i r s t - o r d e r  p a r t i a l  c o r r e l a t i o n s  a re  th e  r e s u l t  o f  r u l i n g  o u t  one 

v a r i a b l e  and  d e te rm in in g  th e  d e g re e  o f  r e l a t i o n s h i p  be tw een  th e  o th e r  tw o. 

In  t h i s  p a r t  o f  th e  s tu d y  e i t h e r  i n t e l l i g e n c e  o r  c r e a t i v i t y  was r u le d  o u t  

and th e  c o r r e l a t i o n  found betw èen  th e  rem a in in g  v a r i a b l e  and r e s p e c t iv e  

p e rfo rm an ce  c a te g o r ie s  o f  m a th e m a tic s . Of th e  s i x  c o e f f i c i e n t s  com puted 

o n ly  th e  p a r t i a l  r  f o r  c r e a t i v i t y  and p rob lem  s o lv in g  w ith  i n t e l l i g e n c e  

r u le d  o u t was s i g n i f i c a n t .  The c o r r e l a t i o n  was .30  and s i g n i f i c a n t  a t  

th e  .02  l e v e l .  T ab le  10 c o n ta in s  a l l  th e  r e s u l t s  o f  th e  p a r t i a l  c o r r e -
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l a t i o n  te c h n iq u e .

U sing  th e  moment c o e f f i c i e n t s  o f  i n t e l l i g e n c e  and c r e a t i v i t y ,  

c r e a t i v i t y  and m ath e m a tic s  p e rfo rm a n c e , and i n t e l l i g e n c e  and m ath em a tic s  

p e rfo rm a n c e , m u l t ip le  c o r r e l a t i o n s  w ere com puted f o r  th e  changes r e c o rd e d  

on th e  a r i th m e t ic  s e c t io n  o f  th e  Iowa T e s ts  o f  B a s ic  S k i l l s  i n  th e  com

p o s i t e ,  c o n c e p ts ,  and p rob lem  s o lv in g  c a te g o r i e s .  The r e s u l t s ,  shown in  

T a b le  10, c o n ta in  one s i g n i f i c a n t  r e l a t i o n s h i p .  By com bining i n t e l l i g e n c e  

and c r e a t i v i t y  i n to  a s in g l e  in d ex  and th e n  c o r r e l a t i n g  i t  w ith  mathema

t i c a l  p e rfo rm an ce  i n  p rob lem  s o lv in g ,  a  .41  c o e f f i c i e n t  was o b ta in e d .

T h is  m u l t ip l e  c o r r e l a t i o n ,  R, was s i g n i f i c a n t  a t  th e  .01  l e v e l .

The f in d in g s  p ro d u ced  by each  c o r r e l a t i o n  te c h n iq u e  w ere checked  

f o r  s i g n i f i c a n c e ,  i . e . ,  to  see  w h e th e r th e  c o r r e l a t i o n  was s i g n i f i c a n t l y  

d i f f e r e n t  from  z e ro ,  by an  a p p r o p r ia te  m eans. Moment and m u l t ip le  c o e f f i 

c i e n t s  w ere t e s t e d  f o r  s ig n i f i c a n c e  by e x a m in a tio n  o f  a  c o r r e l a t i o n  t a b l e  

(G u i l f o rd ,  1965, p . 5 8 1 ). C o r r e la t io n s  o b ta in e d  by th e  p a r t i a l  m ethod 

w ere t e s t e d  f o r  s ig n i f i c a n c e  by th e  t - t e s t  (W ert, 1954, p . 2 4 8 ).

T h e o r e t ic a l  D is c u ss io n  

A t th e  o u t s e t  o f  t h i s  s tu d y  c o n s id e r a b le  a t t e n t i o n  was g iv e n  to  

human v a r i a b i l i t y  in  g e n e ra l  and i n  p a r t i c u l a r .  The l a t t e r  c e n te re d  a ro u n d  

th e  human v a r i a b le s  o f  i n t e l l i g e n c e  and c r e a t i v i t y  and t h e i r  im p o rtan ce  in  

s c h o o l l e a r n in g .  The a r e a  o f  sc h o o l le a r n in g  d is c u s s e d  s p e c i f i c a l l y  was 

m a th e m a tic s . _  ,

C le a r ly  th e  v a r ia n c e  in  pe rfo rm ance  i s  n o t  t o t a l l y  a c co u n ted  f o r  

by th e s e  two v a r i a b l e s ,  s in c e  th e r e  i s  e v id e n t ly  a s e t  o f  v a r i a b le s  w hich 

have a  g r e a t e r  e f f e c t  on p e rfo rm an ce  th a n  e i t h e r  o r  b o th  o f  th e  i n t e l l i 

gence and  c r e a t i v i t y  v a r i a b l e s .  To be s u r e ,  a  number o f  th e  v a r i a b le s
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e x i s t  o u ts id e  th e  l e a r n e r  h im s e l f - - a  f a c t  w hich fo c u se s  a t t e n t i o n  on th e  

c o n s ta n t  v a r i a b le  o f  t h i s  s tu d y , d isc o v e ry  te a c h in g . O ther p o s s ib l e  i n 

te r v e n in g  v a r i a b le s  c a u s in g  v a r ia n c e  o f  pe rfo rm an ce  a r e  c o n te n t  s tu d ie d  

and m edia  u sed  to  d ev e lo p  c o n c e p ts .

V a r ia t io n  o f  p e rfo rm an ce  was n o t ic e a b le  in  a lm o s t e v e ry  c a te g o ry  

u n d e r  c o n s id e r a t io n  and fu r th e rm o re  t h i s  v a r i a t i o n  was n o t th e  same f o r  

b o th  o f  th e  in d ep e n d e n t v a r i a b l e s .  W orthy o f  n o te  i s  th e  r e l a t i o n s h i p  

found  betw een  c r e a t i v i t y  and  th e  problem  s o lv in g  c a te g o ry  and th e  c a te g o ry  

o f  s t r u c t u r e .  Both a r e  a r e a s  w hich r e c e iv e  em phasis in  th e  "new" m athe

m a t ic s  p rogram s.

P ro b ab ly  th e  m ost i n f l u e n t i a l  e x te r n a l  v a r i a b le  i s  th e  te a c h e r .

She h a s  some v o ic e  i n  w hat i s  ta u g h t and a lm o s t com plete  c o n t r o l  o f  te a c h 

in g  ap p ro ach  and m ed ia—o th e r  th a n  t e x tb o o k - - u t i l i z e d  in  te a c h in g .  The 

te a c h e r  th e n , would u n d o u b ted ly  cau se  s tu d e n ts  to  s t r i v e  to  p e rfo rm  in  

a c c o rd a n c e  w ith  h e r  a c c e p te d  p r i n c i p l e s .  N a tu r a l ly  t h i s  p r o c e s s  w ould  be 

fo llo w e d  by a  c o m p a tib le  e v a lu a t io n  p ro c e d u re .

On th e s e  p re m ise s  one m igh t deduce from  th e  r e s u l t s  o f  t h i s  s tu d y  

t h a t  i n t e l l i g e n t  b e h a v io r  in  m ath em atics  i s  more a c c e p ta b le  th a n  c r e a t i v e  

b e h a v io r .  Im m edia te ly  th e r e  i s  a c o n f l i c t ,  a  h y p o th e t ic a l  te a c h in g  mode 

u se d  w ith  an  e x a c t in g  e v a lu a t io n  system . T h e o r e t ic a l ly  one w ould assume 

t h a t  a  more p e rm is s iv e  sy stem  o f  e v a lu a t io n  w ould accompany th e  p r a c t i c e  

o f  d is c o v e ry  te a c h in g .

The look  a t  e v a lu a t io n  le a d s  to  s c r u t in y  o f  th e  r e s u l t s  o f  th e  

S ta n d a rd iz e d  a r i th m e t ic  b a t t e r y .  E v id e n tly  a  d i f f e r e n t  s e t  o f  v a r i a b l e s  

i s  o p e r a t in g  h e re  b ec au se  t h e r e  i s  s i g n i f i c a n t  g row th , b u t n e i t h e r  i n t e l l i 

gence n o r c r e a t i v i t y — sav e  in  one c a te g o ry — seems to  be r e s p o n s ib le  f o r  

th e  change.
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A p p a re n tly , p e rfo rm a n c e  i n  s c h o o l l e a r n in g ,  i f  m ath e m a tic s  i s  

r e p r e s e n t a t i v e  o f  sc h o o l l e a r n in g ,  c a n n o t be c h i e f ly  a t t r i b u t e d  to  th e  

human v a r i a b l e s  o f  i n t e l l i g e n c e  and c r e a t i v i t y .  How ever, i n  term s o f  th e  

l e a r n e r ,  each  o f  th e s e  v a r i a b l e s  seems to  make some c o n t r i b u t i o n  to  l e a r n 

in g .

From a l l  i n d ic a t io n s  o f  t h i s  s tu d y , n o t  o n ly  do es  each  v a r i a b l e ,  

i n t e l l i g e n c e  and c r e a t i v i t y ,  c o n t r i b u te  to  sc h o o l l e a r n in g ,  b u t  com bined 

th e y  c o n t r i b u te  even m ore. T h is  o b s e rv a t io n  d e f i n i t e l y  s u p p o r ts  th e  con

j e c t u r e  t h a t  th e  scope o f  th e  i n t e l l e c t u a l  o r  c o g n i t iv e  d im en sio n  o f  man 

in c lu d e s  b o th  i n t e l l i g e n c e  and c r e a t i v i t y .

The p re c e d in g  c o n je c tu r e s  a r e  su p p o rte d  in  p a r t  by th e  s t a t i s t i c a l  

d i s c u s s io n  o f  c o r r e l a t i o n  by G u i l fo r d  (1965, p . 1 0 5 ), who t h e o r e t i c a l l y  

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

s h ip  i f  a l l  o th e r  in te r v e n in g  v a r i a b l e s  a re  p a r t i a l e d  o u t .  On th e  o th e r  

h a n d , h e  s e e s  a r e l a t i o n s h i p  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  .ze ro  a s  

b e in g  r e p r e s e n t a t i v e  o f  no c o r r e l a t i o n .  P r e c i s e ly  he  s t a t e s  t h a t  "a  c o r 

r e l a t i o n  i s  a lw ays r e l a t i v e  to  th e  s i t u a t i o n  u n d er w h ich  i t  i s  o b ta in e d ,  

and i t s  s i z e  does n o t r e p r e s e n t  an  a b s o lu te  n a tu r a l  f a c t '.  "



CHAPTER V II

SUMMARY

O verview

In  t h i s  f i n a l  c h a p te r  th e  f in d in g s  o f  th e  s tu d y  a re  s t a t e d  in  

g e n e ra l  te rm s ; i . e . ,  n o t  in  te rm s o f  th e  h y p o th e s e s . From th e  f in d in g s  

c o n c lu s io n s  have  been  made r e l e v a n t  to  ach iev em en t i n  e le m e n ta ry  sc h o o l 

m a th e m a tic s , c r e a t i v i t y  and i n t e l l i g e n c e ,  te a c h in g  e le m e n ta ry  sc h o o l 

m a th e m a tic s , and e v a lu a t io n  i n  e le m e n ta ry  sc h o o l m a th e m a tic s .

T hese f in d in g s  and  c o n c lu s io n s  a r e  th e n  com pared w ith  some o f  

th e  f in d in g s  and c o n c lu s io n s  o f  o th e r  s tu d ie s  co n c e rn e d  w ith  one o r  more 

o f  th e  v a r i a b l e s  o f  t h i s  s tu d y , w hich have been  c i t e d  in  th e  rev ie w  o f  

l i t e r a t u r e .  A f te r  a c o m p a ra tiv e  a n a ly s i s  th e  s tu d i e s  a r e  l i s t e d  and 

b r i e f l y  a n n o ta te d  e i t h e r  i n  a  c a te g o ry  r e l a t i v e l y  a g re e in g  w ith  o r  i n  a 

d icho tom ous c a te g o ry  r e l a t i v e l y  c o n f l i c t i n g  w ith  th e  f in d in g s  and con

c lu s io n s  o f  t h i s  s tu d y .

F i n a l l y ,  recom m endations f o r  e le m e n ta ry  sc h o o l m ath em a tic s  a re  

p r e s e n te d  w hich su g g e s t  how te a c h in g  and le a r n in g  e x p e r ie n c e s  m ig h t be 

made m ore co n d u c iv e  to  i n d iv id u a l i z in g  i n s t r u c t i o n .  A second  s e t  o f  recom 

m en d a tio n s  c o n s i s t s  o f  th o se  id e a s  f o r  r e l a t e d  r e s e a r c h  t h a t  have been  

g e n e ra te d  by t h i s  s tu d y .

8 8
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F in d in g s

In  t h i s  s tu d y  th e  fo llo w in g  f in d in g s  seemed to  be m ost s i g n i f i c a n t :

1 . When th e  p e rfo rm an ce  l e v e l  in  m ath e m a tic s  was d e te rm in e d  by 

t e a c h e r s ,  th e r e  was a  h ig h  d e g re e  o f  r e l a t i o n s h ip  betw een  th e  human, v a r i 

a b le  o f  i n t e l l i g e n c e  and p e rfo rm an ce  in  th e  c a te g o r ie s  o f :  (1) r e a s o n in g - -

th e  te a c h e r s  lo o k ed  a t  th e  s t u d e n t s '  u se  and u n d e rs ta n d in g  o f  o rd e r  r e l a 

t i o n s ,  l o g i c a l  q u a n t i f i e r s ,  s t r u c t u r a l  p r o p e r t i e s  o f  a number sy stem , and 

th e  n u m e ra tio n  system  to  s o lv e  m a th e m a tic a l p ro b lem s; (2) s t r u c t u r e — th e  

s tu d e n t s '  u t i l i z a t i o n  o f  i n s i g h t  in to  th e  s ig n i f ic a n c e  o f  th e  p r o p e r t i e s

o f  c lo s u r e ,  c o m m u ta tiv ity , a s s o c i a t i v i t y ,  i d e n t i t y ,  and d i s t r i b u t i v i t y  

f o r  th e  o p e r a t io n s  o f  a d d i t io n  and m u l t i p l i c a t i o n  was exam ined by th e  

t e a c h e r s ;  (3) c o m p u ta t io n - - c o n s id e r a t io n  was g iv e n  to  th e  s tu d e n t s '  f a c i l 

i t y  and u n d e rs ta n d in g  o f  th e  a d d i t io n  and m u l t i p l i c a t i o n  o p e r a t io n s ,  t h e i r  

r e s p e c t iv e  a lg o r i th m s  and t h e i r  r e s p e c t iv e  in v e r s e  o p e r a t io n s ;  (4) num er

a t i o n - -  th e  te a c h e r s  e v a lu a te d  i n  te rm s o f  th e  s tu d e n t s '  aw areness o f  th e  

c h a r a c t e r i s t i c s  o f  th e  sy s tem ; and (5) c o m p o s i te - - th is  was th e  t e a c h e r s ' 

o v e r a l l  e v a lu a t io n  o f  th e  s tu d e n t s '  p e rfo rm ance  in  m a th e m a tic s .

2 . When th e  pe rfo rm ance  l e v e l  in  m a th em a tic s  was d e te rm in e d  by 

t e a c h e r s ,  a  s i g n i f i c a n t  r e l a t i o n s h i p  was found betw een  th e  human v a r i a b l e  • 

o f  c r e a t i v i t y  and t h i s  p e rfo rm an ce  in  th e  c a te g o ry  o f  s t r u c tu r e  (s e e  Item

2 in  F in d in g  1 ) .  In  th e  o th e r  c a te g o r i e s - - r e a s o n in g ,  co m p u ta tio n , num

e r a t i o n ,  c o m p o s ite —no r e l a t i o n s h i p  d is c o v e re d .

3 . When perfo rm ance  in  m ath em a tic s  was e s t a b l i s h e d  by change on 

p r e -  and p o s t - t e s t s  o f  th e  Iowa T e s ts  o f  B a s ic  S k i l l s  a r i th m e t ic  b a t t e r y ,  

no s t a t i s t i c a l  r e l a t i o n s h i p  was found betw een  t h i s  perfo rm ance  and th e  h u 

man v a r i a b l e  o f  i n t e l l i g e n c e  i n  th e  c a te g o r ie s  o f :  (1) c o n c e p ts — th e  s t u 

d e n t s ' w ere  t e s t e d  on th e  u n d e rs ta n d in g  o f  te rm s and o p e ra t io n s  o f  num bers.



90

g e o m e tric  c o n c e p ts ,  and c o n c e p ts  o f  m easurem ent; (2 ) p ro b lem  s o lv in g — t e s t  

ite m s  w ere  g e n e r a l ly  composed o f  s o c ia l  s i t u a t i o n s  r e q u i r in g  o r g a n iz a t io n  

o f  th o u g h t and com petence in  n u m e ric a l co m p u ta tio n  f o r  s o l u t i o n ;  and (3) 

c o m p o s i te - - th is  was a  w e ig h te d  a v e ra g e  o f  c o n c e p ts  and p rob lem  s o lv in g  

p e rfo rm a n c e s .

4 . When p erfo rm an ce  in  m ath em a tic s  was e s t a b l i s h e d  by change on 

p r e -  and p o s t - t e s t s  o f  th e  Iowa T e s ts  o f  B a s ic  S k i l l s  a r i t h m e t i c  b a t t e r y ,  

a  s i g n i f i c a n t  s t a t i s t i c a l  r e l a t i o n s h i p  was found be tw een  th e  human v a r i 

a b le  o f  c r e a t i v i t y  and p rob lem  s o lv in g  (se e  Item  2 in  F in d in g  3 ) ,  b u t

no r e l a t i o n s h i p  was found betw een  c r e a t i v i t y  and c o n c e p ts  o r  c r e a t i v i t y  

and co m p o site  p e rfo rm an ce  in  m a th e m a tic s .

5 . U sing  th e  s t a t i s t i c a l  te c h n iq u e  o f  p a r t i a l  c o r r e l a t i o n ,  a 

s i g n i f i c a n t  c o e f f i c i e n t  was d e r iv e d  betw een  p e rfo rm an ce  i n  problem  s o lv 

in g ,  a s  d e te rm in e d  by th e  s ta n d a r d iz e d  a r i th m e t ic  t e s t s ,  and c r e a t i v i t y .

. The te c h n iq u e  d id  n o t y i e l d  s i g n i f i c a n t  r e s u l t s  f o r  th e  o th e r  f iv e  com bi

n a t io n s  c o n s id e re d  in  F in d in g  3 and F in d in g  4 .

6 . A f in d in g  s im i la r  to  F in d in g  5 was found  by m u l t ip l e  c o r r e l a 

t i o n ;  t h a t  i s ,  a  com bined in d e x  o f  c r e a t i v i t y - i n t e l l i g e n c e  was s i g n i f i 

c a n t ly  c o r r e l a t e d  to  th e  p rob lem  s o lv in g  c a te g o ry  o f  m a th e m a tic s  p e r f o r 

m ance, b u t n o t  to  th e  c a te g o r i e s  o f  c o n c e p ts  o r  co m p o site  p e rfo rm a n c e .

C o n c lu s io n s

B ased on th e  f in d in g s  o f  t h i s  s tu d y  th e  fo llo w in g  seemed to  be 

l o g i c a l  c o n c lu s io n s :

1. I f ,  a s  T o rran ce  (1965c) c o n te n d s , s t u d e n t s '  c la ss ro o m  b e h a v io r  

i s  r e p r e s e n ta t i v e  o f  t h a t  w hich  i s  rew arded  by te a c h e r s ,  th e n  th e  h ig h  r e 

l a t i o n s h i p  betw een  i n t e l l i g e n c e  and th e  t e a c h e r s ' e v a lu a t io n  o f  p e rfo rm an ce
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i n  m a th e m a tic s  w ould seem to  i n d i c a t e  an  u l t im a te  a c c e p ta n c e  o f  i n t e l l i 

g e n t b e h a v io r  a s  more w o rth y  thain c r e a t i v e  b e h a v io r . A lthough  th e  te a c h e r s  

had  e x h ib i te d  to  s tu d e n t s ,  o th e r  t e a c h e r s ,  and a d m in is t r a to r s  t h e i r  a c c e p t 

ance  and p r a c t i c e  o f  a  h y p o t h e t i c a l  mode o f  te a c h in g ,  th e  e v a lu a t io n  w ould 

seem to  be r e p r e s e n t a t i v e  o f  e v a lu a t io n  accom panying an e x p o s i to ry  mode 

o f  t e a c h in g .

2 . A lthough  no g e n e ra l  s ta te m e n t  c o u ld  be m ade, th e  f in d in g s  w ould 

te n d  to  s u p p o r t  th e  p re m ise  t h a t  c e r t a i n  t o p ic s  i n  m ath e m a tic s  c an  be 

g ra s p e d  m ore r e a d i ly  by s tu d e n ts  who a r e  m ore c r e a t i v e l y  endowed th a n  

th o s e  who a r e  more i n t e l l i g e n t ,  e . g . ,  th e  f in d in g  p e r t a in i n g  to  " c r e a t i v 

i t y  and  p ro b lem  s o lv in g ."

3 . In  te rm s o f  th e  mean p e rfo rm an ce  on th e  Iowa T e s ts  o f  B a s ic  

S k i l l s ,  th e  s tu d e n ts _ o f  t h i s  sam ple h ad  made a c c e p ta b le  p r o g re s s .  T h is  

in d ic a te d  t h a t  th e  s tu d e n ts  w ere a c h ie v in g  s a t i s f a c t o r i l y  and th e  v a r i a b l e  

r e s p o n s ib le  m igh t w e ll  have  been  th e  te a c h in g  a p p ro a c h , s in c e  e i t h e r  i n 

t e l l i g e n c e  o r  c r e a t i v i t y  was s i g n i f i c a n t l y  r e l a t e d  in  o n ly  one o f  s ix  

i n s t a n c e s .

4 . The f in d in g s  f u r t h e r  docum ent th e  r e le v a n c e  and p e r t in e n c e  

o f  th e  " r e v o l u t i o n 's "  c o n c e rn  w ith  th e  l e a r n in g  and te a c h in g  o f  m ath e

m a t ic s .  T h is  i s  m ost a p p a re n t  when n e i t h e r  i n t e l l i g e n c e  n o r c r e a t i v i t y  

can  be i d e n t i f i e d  a s  th e  v a r i a b l e  r e s p o n s ib le  f o r  change in  m a th e m a tic a l 

p e rfo rm a n c e .

5 . The e v id e n c e  a p p a r e n t ly  s i g n i f i e s  t h a t  th e  s e t  o f  o b j e c t iv e s  

seemed im p o r ta n t  by te a c h e r s  o f  e le m e n ta ry  sc h o o l m ath e m a tic s  i s  n o t  th e  

same s e t  a s  exam ined f o r  p r o f i c i e n c y  by th e  Iowa T e s ts  o f  B a s ic  S k i l l s .



92

_ S u p p o r tiv e  F in d in g s  and C o n c lu s io n s  from  O th e r S tu d ie s

From th e  f o llo w in g  s e n te n c e  sum m aries, th e  s t a t e d  f in d in g s  and 

c o n c lu s io n s  a p p e a r  to  be c o m p a tib le  w ith  th o se  o f :

M cConnell (1 9 3 4 ). T each ing  e le m e n ta ry  sc h o o l m ath em a tic s  by d i s 

co v e ry  r e s u l t e d  in  g r e a t e r  t r a n s f e r  p o t e n t i a l  and f a c i l i t y  i n  m a n ip u la tio n  

o f  number f a c t s  th a n  te a c h in g  by a d id a c t i c  m ethod.

D 'H eu rle  (1 9 5 9 ). The i n t e l l e c t u a l  p ro c e s s e s  o f  h ig h  a c h ie v e r s  in  

e le m e n ta ry  sc h o o l m ath e m a tic s  ten d ed  to  be sp o n ta n e o u s  and c r e a t i v e .

Schm adel (1 9 6 0 ). C re a tiv e  th in k in g  a b i l i t y  c o n t r ib u te d  in d ep e n 

d e n t ly ,  b u t  m e a g e rly , to  ach ievem en t and th e  c o n t r i b u t i o n  was m ost s i g n i f 

i c a n t  w ith  t a s k s  r e q u i r in g  s y n th e s i s .

Rose (1 9 6 1 ). F a c to r s  o th e r  th a n  i n t e l l i g e n c e  w ere o p e r a t iv e  in  

a r i th m e t ic  ach ie v e m e n t.

A hrens (1 9 6 2 ). The e x te n t  to  w hich c r e a t i v e  th in k in g  a b i l i t i e s  

a c co u n te d  f o r  d i f f e r e n c e s  in  e d u c a t io n a l  ach iev em en t was im p o ss ib le  to  

d e te rm in e .

G e tz e ls  and Ja c k s o n  (1962 ). A s t r i k i n g  e q u a l i t y  in  academ ic su c 

c e s s  e x is t e d  betw een  th e  h ig h  c r e a t i v i t y  group and th e  h ig h  i n t e l l i g e n c e  

g roup . T each e rs  showed an  e x p re s se d  p re fe re n c e  to  w ork w ith  th e  h ig h  IQ 

g roup .

T o rran ce  (1 9 6 2 ). The p a r t i a l  c o r r e l a t i o n  d e r iv e d  betw een  c r e a 

t i v i t y  and ach ievem en t in  e le m e n ta ry  sch o o l m a th e m a tic s  w ith  i n te l l i g e n c e  

r u le d  o u t  was .2 8 .

F le s c h e r  (1 9 6 3 ). A .74  c o r r e l a t i o n  was found be tw een  a r i th m e t ic  

c o m p u ta tio n  and i n t e l l i g e n c e  and a .04  c o r r e l a t i o n  was found betw een com

p u ta t io n  and c r e a t i v i t y .

K ersh  (1 9 6 4 ). D isc o v e ry  te a c h in g  e x e rc is e d  and  r e in f o r c e d  s e a r c h 
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in g  b e h a v io r .

C i c l r e l l l  (1 9 6 5 ). The r e l a t i o n s h ip  betw een  c r e a t i v i t y  and a r i t h 

m e tic  ach iev em en t was w eak, b u t  th e  form  o f  th e  r e l a t i o n s h i p  was such  t h a t  

i n t e l l i g e n c e  and c r e a t i v i t y  w ere a d d i t iv e  and l i n e a r  in  t h e i r  e f f e c t  on 

academ ic a c h ie v e m e n t.

T o rra n c e  (1965b ). C r e a t iv i t y  was a  s i g n i f i c a n t  f a c t o r  in  a t te m p t 

in g  to  i n d iv id u a l i z e  i n s t r u c t i o n .

Yamamoto (1 9 6 5 ). C r e a t i v i t y  t e s t s  sh o u ld  be re g a rd e d  a s  com ple

m en ta ry  com ponents i n  new and more i n c lu s iv e  m easu res  o f  human i n t e l l e c 

tu a l  b e h a v io r .

Owens (1 9 6 6 ). C r e a t iv i t y  and ach iev em en t w ere no more c lo s e ly  

r e l a t e d  th a n  i n t e l l i g e n c e  and c r e a t i v i t y ,  and n e i t h e r  h ig h  c r e a t i v i t y  n o r 

h ig h  i n t e l l i g e n c e  a s s u re d  good ach iev em en t.

N o n su p p o rtiv e  F in d in g s  and C o n c lu s io n s  from  O ther S tu d ie s

F in d in g s  and c o n c lu s io n s  o f  o th e r  s tu d ie s  t h a t  te n d  to  be in  con

f l i c t  w ith  th o s e  o f  t h i s  s tu d y  a re  th o s e  o f :

A nderson  (1 9 4 9 ). The m eaning m ethod was more p r o f i t a b l e  f o r  s t u 

d e n ts  who ran k ed  above a v e ra g e  in  s c h o o l a b i l i t y ,  e s p e c i a l l y  i f  th e y  w ere 

below  a v e ra g e  in  a r i t h m e t i c  ach iev em en t.

E r ic k s o n  (1 9 5 8 ). Sample s t r a t i f i c a t i o n  y ie ld e d  c o rre sp o n d in g  c o r 

r e l a t i o n s  each  o f  w hich was low er th a n  th e  com posite  c o r r e l a t i o n  o f  th e  

sam ple betw een  i n t e l l i g e n c e  and a r i th m e t ic  ach ie v e m e n t.

S p ra k e r  (1 9 6 0 ). S tu d e n ts  who ran k ed  h ig h  on i n t e l l i g e n c e ,  a c h ie v e 

m ent, and te a c h e r  r a t i n g s  a ls o  ranked  h ig h  on c r e a t i v i t y .

K lau sm e ie r (1 9 6 5 ). On t e s t s  o f  d iv e rg e n t  and c o n v e rg e n t th in k in g  

th e  a v e ra g e  IQ group perfo rm ed  l e s s  w e l l  th a n  d id  th e  h ig h  IQ g roup .
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W allach  and Kogan (1 9 6 5 ). T here  was a  u n i f i e d  d im ension  o f  c r e a 

t i v i t y  t h a t  e x i s t e d  a p a r t  from  a  u n i f i e d  d im en sio n  o f  i n t e l l i g e n c e .

Owens (1 9 6 6 ). C r e a t i v i t y  and i n t e l l i g e n c e  w ere s e p a r a te  i n t e l l e c 

t u a l  com ponents.

Recommendat ions

On th e  b a s i s  o f  th e  f in d in g s  o f  t h i s  s tu d y  th e  su b seq u e n t recom 

m en d a tio n s  a r e  p ro p o se d . The f i r s t  s e t  o f  recom m endations r e l a t e s  to  

c la s s ro o m  p r a c t i c e  in  e le m e n ta ry  sc h o o l m a th e m a tic s , w h ile  th e  second  s e t  

r e p r e s e n t s  su g g e s te d  r e s e a rc h  a r e a s  r e l a t e d  to  th e  theme o f  t h i s  s tu d y .

Recom m endations f o r  T each ing

1. From th e  f in d in g  o f  a  h ig h  r e l a t i o n s h i p  betw een  IQ and te a c h e r  

e v a lu a t io n  i n  e le m e n ta ry  sc h o o l m ath em atics  and a  r e l a t i v e l y  n o n e x is te n t  

r e l a t i o n s h i p  betw een  CQ and te a c h e r  e v a lu a t io n ,  em anates  th e  recommenda

t i o n  t h a t  when te a c h e r s  a r e  s tu d y in g  and c o n te m p la t in g  te a c h in g  v i a  th e  

d is c o v e ry  ap p ro ach  th e y  a l s o  c o n s id e r  th e  a c c e p te d  p r in c i p l e s  o f  rew a rd 

in g  c r e a t i v e  b e h a v io r .

2 . The recom m endation t h a t  t e a c h e r s  e x p e rim e n t w ith  th e  r a t i o  

o f  d is c o v e ry  te a c h in g  to  a u t h o r i t a r i a n  a p p ro a c h e s  stem s from  th e  c o n c lu 

s io n  t h a t  c e r t a i n  a r e a s  o f  m a th e m a tic s , p rob lem  s o lv in g  f o r  exam ple, a r e  

m ore c o m p a tib le  w ith  d is c o v e ry  th a n  a r e  o th e r  a p p ro a c h e s .

3 . In  e v a lu a t io n  o f  e le m e n ta ry  sc h o o l m a th e m a tic s  th e re  was an  

a p p a re n t  chasm betw een  t h a t  w hich te a c h e rs  to o k  in to  c o n s id e r a t io n  and 

t h a t  w hich was m easured  by th e  s ta n d a rd iz e d  t e s t .  From t h i s  o b s e rv a t io n  

th e  recom m endation i s  made to  u se  m u l t ip le  c r i t e r i a  in  e v a lu a t in g  p e r f o r 

mance in  e le m e n ta ry  sc h o o l m a th e m a tic s . These c r i t e r i a  would be such  

th in g s  a s  s e l f  e v a lu a t io n ,  t e a c h e r  e v a lu a t io n ,  and t e s t  e v a lu a t io n .
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Recom m endations f o r  R esearch

The fo llo w in g  a r e  g e n e r a l  d e s c r ip t i o n s  o f  s u g g e s te d  s tu d i e s  w hich 

m ig h t le a d  to  g r e a t e r  i n s i g h t  i n to  e f f e c t i v e  te a c h in g  o r  b e t t e r  le a r n in g  

o f  e le m e n ta ry  sc h o o l m a th e m a tic s :

1 . A s e r i e s  o f  s tu d i e s  c o n d u c te d  w ith  e i t h e r  d is c o v e ry  te a c h in g  

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

in d e p e n d e n t v a r i a b l e s ,  and s tu d e n t  p e rfo rm an ce  on f i n e l y  d e l in e a t e d  m athe

m a t ic a l  c o n c e p ts  and to p ic s  a s  th e  d ep en d en t v a r i a b l e .

2 . A s e t  o f  s tu d i e s  w ith  p r e s c r ib e d  l e v e l s  o f  m a th e m a tic a l  th in k 

in g  c o rre s p o n d in g  to  G a g n e 's  (1965) l e v e l s  o f  l e a r n in g  and th e  c o r r e l a t i o n  

be tw een  each  o f  th e  i n d ic e s ,  c r e a t i v i t y  and i n t e l l i g e n c e .

3 . A s e t  o f  s tu d i e s  to  se e  w h e th e r  c r e a t i v e  s tu d e n t s  o r  i n t e l l i 

g e n t s tu d e n t s  a r e  more s t r o n g ly  in f lu e n c e d  by d i f f e r e n t  e d u c a t io n a l  m edia 

in  l e a r n in g  e le m e n ta ry  sc h o o l m a th e m a tic s .

4 . A s e t  o f  s tu d i e s  d e s ig n e d  to  o b se rv e  w h e th e r  a  d i f f e r e n c e  

e x i s t s  i n  th e  e f f e c t s  o f  sm a ll g roup  i n s t r u c t i o n  on h ig h ly  c r e a t i v e  s t u 

d e n ts  a s  com pared to  h ig h ly  i n t e l l i g e n t  s tu d e n ts .

5. A s tu d y  d e s ig n e d  to  lo o k  a t  th e  i n t e r a c t i o n  p a t t e r n s  o f  s t u 

d e n ts  and  te a c h e r s  i n  m odern m a th e m a tic s  a s  s tu d ie d  by P a te  (1966) and 

th e  r e l a t i o n s h i p  to  c r e a t i v i t y  and  to  i n t e l l i g e n c e .
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FLUENCY, FLEXIBILITY, ORIGINALITY, AND ELABORATION SCORES OF STUDENTS
ON TORRANCE TESTS OF CREATIVE THINKING

V e rb a l N onverbal
F luency F l e x i b i l i t y O r i g in a l i t y F lu en cy F l e x i b i l i t y O r i g in a l i t y E la b o r a t io n

BRM 30 21 17 14 14 20 87

DRJ 32 21 11 17 15 23 38

HRL 29 25 24 14 11 20 55

NRJ 45 27 22 20 19 33 75

PRJ 44
1

17 11 8 7 38

RRJ 49 23 13 15 13 17 54

BRV 44 27 20 18 12 18 85

CRC 72 34 29 22 18 30 77

CRH 35 25 26 8 8 6 70

CRE 84 . 43 36 21 16 23 60

DRP 29 18 2 19 16 14 73

DRS 44 30 27 14 9 14 ■ 86

DRP 69 34 27 23 18 25 55

?



RAW DATA

FLUENCY, FLEXIBILITY, ORIGINALITY, AND ELABORATIŒ SCORES OF STUDENTS
ON TORRANCE TESTS OF CREATIVE THINKING (Continued)

V erb a l N onverba l
F lu en cy F l e x i b i l i t y O r i g in a l i t y F lu en cy F l e x i b i l i t y O r i g in a l i t y E la b o r a t io n

GRS 107 36 44 27 21 33 122

HRK 67 40 34 34 25 37 57

IRN 71 37 39 19 16 26 93

LRC 33 21 22 24 20 24 87

MRD 78 39 36 29 22 32 62

RRN 117 49 53 20 10 26 82

SRM 27 19 13 5 12 2 31

GET 75 30 23 24 17 25 117

EEK 71 30 14 9 4 10 44

FER 73 42 35 25 23 17 63

MED 49 29 21 25 21 23 15

HEB
1

32 30 8 8 17 98

MET 55 ' 30 26 7 7 12 70

o
Ln
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FLUENCY, FLEXIBILITY, ORIGINALITY, AND ELABORATION SCORES OF STUDENTS
ON TORRANCE TESTS OF CREATIVE THINKING (Continued)

V erb a l N on v erb a l
F lu e n cy  _ F l e x i b i l i t y O r i g in a l i t y F lu en cy F l e x i b i l i t y O r i g in a l i t y E la b o r a t io n

JEG 45 26 9 18 15 26 123

KED 30 22 12 8 8 14 61

LES 21 14 10 11 9 15 92

LED 51 34 21 22 16 18 104

PEJ 57 36 28 15 13 23 61

REG 81 43 39 13 10 14 130

RED 99 37 22 18 13 28 141

RET 26 18 15 14 12 19 74

WEP 52 24 26 14 10 14 65

BEG 122 38 19 27 18 32, 64

FES 71 38 48 14 11 28 111

HEJ 58 35 19 17 13 22 100

HEK 59 39 17 8 6 13 64

o
ON
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FLUENCY, FLEXIBILITY, ORIGINALITY, AND ELABORATION SCORES OF STUDENTS
ON TORRANCE TESTS OF CREATIVE THINKING (Continued)

V erb a l N o n v erb a l
F luency F l e x i b i l i t y O r i g in a l i t y F lu en cy F l e x i b i l i t y O r i g in a l i t y E la b o r a t io n

LEC 48 23 18 23 20 14 51

MEP 97 44 24 20 16 25 51

PEM 67 42 22 18 14 11 44

PEL 102 48 43 18 17 24 62

SEH 49 28 30 19 14 31 84

TEP 57 39 45 20 26 42 79

BXR 88 34 22 31 23 30 74

BXC 170 44 31 27 22 26 121

CXM 136 54 27 26 18 22 123

EXJ 76 35 20 22 20 35 90

GXD 30 19 8 19 18 25 71

HXB 161 43 16 39 27 35 93

LXJ 105 35 23 22 19 21 61

o



RAW DATA

FLUENCY, FLEXIBILITY, ORIGINALITY, AND ELABORATION SCORES OF STUDENTS
ON TORRANCE TESTS OF CREATIVE THINKING (Continued)

V erb a l N onverba l
F luency F l e x i b i l i t y O r i g in a l i t y F lu en cy F l e x i b i l i t y O r i g in a l i t y E la b o r a t io n

MXG 56 30 24 17 14 25 71

OXG 32 20 12 16 15 20 43

PXR 88 29 2 17 14 10 56

PXL 61 31 27 24 16 25 101

ZXP 144 42 18 15 10 26 64

AXE 112 43 26 22 19 35 90

AXM 103 29 8 12 11 17 77

CXE 121 49 24 24 21 42 58

DXM 105 48 22 26 21 22 75

GXP 86 45 28 17 15 19 76

HXM 85 40 20 33 22 30 87

HXA 105 48 25 30 26 39 96

HXN 102 43 19 21 19 15 78

o
00



RAW DATA

FLUENCY, FLEXIBILITY, ORIGINALITY, AND ELABORATION SCORES OF STUDENTS
ON TORRANCE TESTS OF CREATIVE THINKING (Continued)

F lu en cy
V e rb a l

F l e x i b i l i t y O r i g in a l i t y F lu en cy
N onverba l 

F l e x i b i l i t y  O r i g in a l i t y E la b o r a t io n

KXM 94 35 17 34 26 26 94

MXL 61 33 26 25 18 31 73

KXM 74 38 21 22 19 28 61

TXC 63 33 14 14 13 24 52

o
VD



1 1 0

RAW DATA

VERBAL, NONVERBAL, AND COMPOSITE INTELLIGENCE AND CREATIVITY SCORES
FOR SIXTY-NINE STUDENTS IN GRADES FOUR, FIVE, AND SIX

S tu d e n t
I n t e l l i g e n c e C r e a t i v i t y

V erb a l N onverba l Com posite V e rb a l N onverbal C om posite

BRM 108 113 111 68 135 203

DRJ 135 122 129 64 103 167

HRL 127 128 128 78 100 178

NRJ 117 127 122 94 147 241

PRJ 106 119 113 86 64 150

RRJ 114 104 109 95 99 194

BRV 128 122 125 91 133 224

CRC 116 120 118 135 147 282

CRH 138 136 137 86 184 270

CRE 122 126 124 163 120 283

DRP 146 129 137 49 122 171

DRS 138 129 134 101 123 224

DRP 120 131 126 130 121 251

GRS 131 96 114 187 203 390

HRK 124 127 126 141 153 294

IRN 149 143 146 147 154 301

LRC 118 129 124 76 155 231

MRD 121 108 115 153 145 298

RRN 143 139 141 219 138 357

SRM 116 114 115 59 50 109

CET 120 122 121 128 193 321



I l l  

RAW DATA

VERBAL, NONVERBAL, AND COMPOSITE INTELLIGENCE AND CREATIVITY SCORES
FOR SIXTY-NINE STUDENTS IN GRADES FOUR, FIVE, AND SIX (Continued)

S tu d e n t
I n t e l l i g e n c e C r e a t i v i t y

V e rb a l N onverbal Com posite V erb a l N onverba l C om posite

EEK 146 135 141 115 67 182

FER 130 121 126 150 128 278

RED 111 109 110 99 174 273

HEB 130 130 130 109 131 240

HET 133 134 134 111 96 207

JEG 148 110 129 80 182 262

KED 114 110 112 64 91 155

LES 130 115 123 45 127 172

LED 86 102 94 111 160 271

PEJ 118 122 120 121 112 233

REG 150 143 147 163 167 330

RED 133 143 138 158 200 358

RET 140 123 132 59 119 178

WEP 118 124 121 102 103 205

BEG 129 127 128 179 131 310

FES 129 126 128 157 164 321

HEJ 133 130 132 112 152 264

HEK 117 120 119 115 91 206

LEC 120 117 119 89 108 197

MEP 104 106 105 165 112 277

PEM 119 127 123 131 87 218



1 1 2

RAW DATA

VERBAL, NONVERBAL, AND COMPOSITE INTELLIGENCE AND CREATIVITY SCORES
FOR SIXTY-NINE STUDENTS IN GRADES FOUR, FIVE, AND SIX (Continued)

S tu d e n t
I n t e l l i g e n c e C r e a t i v i t y

V e rb a l N onverbal Com posite V e rb a l N onverba l C om posite

PEL 118 130 124 193 121 314

SEH 123 127 125 107 148 255

TEP 127 131 129 141 167 308

BXR 106 124 115 144 158 302

BXC 120 122 121 245 196 441

CXM 133 124 129 217 189 406

EXJ 139 145 142 131 167 298

GXD 118 123 121 57 133 190

HXR 118 110 114 220 194 414

HXJ 110 100 105 165 123 288

MXG 135 106 123 110 126 237

OXG 93 110 102 64 94 158

PXL 140 132 136 119 166 285

PXR 100 117 109 119 97 216

ZXP 133 139 136 204 115 319

AXE 156 160 158 181 166 347

AXM 132 121 127 140 117 257

CXE 139 137 138 194 145 339

DXM 128 119 124 175 144 319

GXP 119 107 113 159 127 286

HXM 111 105 108 145 172 317



113

RAW DATA

VERBAL, NONVERBAL, AND COMPOSITE INTELLIGENCE AND CREATIVITY SCORES 
FOR SIXTY-NINE STUDENTS IN GRADES FOUR, FIVE, AND SIX (C on tinued )

S tu d e n t
I n t e l l i g e n c e C r e a t i v i t y

V e rb a l N onverba l Com posite V e rb a l N onverba l C om posite

HXN 124 114 119 164 133 297

HXA 109 99 104 178 191 369

KXM 104 105 105 146 180 326

MXL 120 122 121 120 147 267

RXM 122 126 124 133 130 26.3

TXC 128 114 121 110 103 213



114

SAW DATA

TEACHER RATINGS— MODERATELY SUCCESSFUL (M), SUCCESSFUL (S),
VERY SUCCESSFUL (V)--OF PERFORMANCE IN MATHEMATICS FOR

SIXTY-NINE STUDENTS IN GRADES FOUR, FIVE, AND SIX

S tu d e n t
P erfo rm ance C a teg o ry

R eason ing  C om putation  S t r u c tu r e  N um eration  C om posite

BRM M s s S s

DRJ S s s M s

HRL V V s V V

NRJ s s V V s

PRJ M M s S M

RRJ M s s M M

BRV S V s S S

CRC s s M M S

CRH V V s V V

CRE M M M M M

DRP V V s S V

DRS V V s s V

DRP V V s s V

GRS M S M M M

HRK V V V s V

IRN V s S s S

LRC V V V V V

MRD S s M s S
RRN V V V V V

SRM S s M s S
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RAW DATA

TEACHER RATINGS--MODERATELY SUCCESSFUL (M), SUCCESSFUL (S),
VERY SUCCESSFUL (V)--OF PERFORMANCE IN MATHEMATICS FOR

SIXTY-NINE STUDENTS IN GRADES FOUR, FIVE, AND SIX (Continued)

P erfo rm ance  C ategory
S tu d e n t R eason ing C om putation S t ru c tu re N um era tion C om posite

CET S M M M M

EEK V V V V V

FER M M M M M

HED M M M M M

HEB V V S V V

HET V V V V V

JEG M S S S s

KED S S S S s

LES M M M M M

LED M M M M M

PEJ V V V V V

REG V S V . V V

RED V V V V V

RET S V S s S

WEP S M M s M

BEG M S M M M

FES V V S V V

HEJ S M S M S

HEK M S s S S

LEC M M M M M



116

RAW DATA

TEACHER RATINGS--MODERATELY SUCCESSFUL (M), SUCCESSFUL (S),
VERY SUCCESSFUL (V)--OF PERFORMANCE IN MATHEMATICS FOR

SIXTY-NINE STUDENTS IN GRADES FOUR, FIVE, AND SIX (Continued)

S tu d e n t
P erfo rm an ce  C atego ry

•soning C om putation S t r u c tu r e N um eration C om posite

M M S M M

M M M M M

S M S S S

V V V V V

M M M M M

S S S S S

M S M S S

S M S S S

S V V S V

M M M — - M M

S S M M s
M M M M M

S V S S S

V M S M M

V S V V V

S s s V S

V s V V V

V V V V V

s M M M M

V V V V V

MEP

PEM

PEL

SEH

TEP

BXR

BXC

CXM

EXJ

GXD

HXR

LXJ

MSG

OXG

PXL

PXR.

ZCP

AXE

AXM

CXE
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RAW DATA

tea c h e r RATING--MODERATELY SUCCESSFUL (M), SUCCESSFUL (S),
VERY SUCCESSFUL (V)--OF PERFORMANCE IN MATHEMATICS FOR

SIXTY-NINE STUDENTS IN GRADES FOUR, FIVE, AND SIX (Continued)

S tu d e n t
Perfo rm ance C a teg o ry

R eason ing C om putation S t ru c tu re N um era tion C om posite

DXM V V S V V

GXP M S M M M

HXM M S M M M

HXN S S M S S

HXA M S M M M

KXM M S M M S

MXL S S M M S

RXM S S V V s

TXC S M M S M



RAW DATA

GRADE EQUIVALENTS ON PRE- AND POST-TESTS IN ELEMENTARY SCHOOL MATHEMATICS
FOR SIXTY-NINE STUDENTS IN GRADES FOUR, FIVE, AND SIX

C oncep ts P roblem  S o lv in g C om posite
S tu d e n t P re - P o s t- Change P re - P o s t- Change P re - P o s t- Change

BRM 4 .7 5 .1 .4 4 .5 4 .7 .2 4 .6 4 .9 .3

DRJ 5 .4 6 .6 1 .2 5 .4 5 .6 .3 5 .4 6 .1 .7

HRL 6 .0 6 .1 .1 4 .8 7 .1 2 .3 5 .4 6 .6 1 .2

NRJ 5 .2 6 .6 1 .4 5 .3 5 .6 .3 5 .3 6 .1 .8

PRJ 4 .4 5 .3 .9 4 .0 4 .1 .1 5 .2 4 .7 .5

RRJ 4 .8 5 .2 .4 4 .6 5 .0 .4 4 .7 5 .1 .4

BRV 5 .8 6 .3 .5 7 .0 5 .3 - 1 .7 6 .4 5 .8 - . 6

CRC 4 .8 6 .3 1 .5 4 .8 6 .6 1 .8 4 .8 6 .4 1 .6

CRH 5 .8 6 .3 .5 4 .9 5 .3 .4 5 .4 5 .8 .4

CRE 3 .6 4 .9 1 .3 3 .9 4 .6 .7 3 .8 4 .8 1 .0

DRP 5 .4 5 .3 - . 1 4 .7 5 .1 .4 5 .1 5 .2 .1

DRS 6 .2 6 .3 .1 5 .6 6. 6 1 .0 5 .9 6 .4 .5

DRP 5 .6 5 .6 .0 4 .8 5 .3 .5 5 .2 5 .4 .2

00



RAW DATA
.  4

GRADE EQUIVALENTS IN PRE- AND POST-TESTS IN ELEMENTARY SCHOOL MATHEMATICS
FOR SIXTY-NINE STUDENTS IN CRADES FOUR, FIVE, AND SIX (Continued)

C oncep ts Problem  S o lv in g C om posite
S tu d e n t P re - P o s t- Change P re - P o s t- Change P re - P o s t - Change

CRS 5 .1 5 .0 - . 1 4 .6 5 .6 1 .0 4 .9 5 .3 .4

HRK 6 .0 6 .3 .3 4 .6 6 .1 1 .5 5 .3 6 .2 .9

IRN 5 .8 6 .1 .3 5 .9 5 .6 - . 3 5 .9 5 .8 - . 1

LRC 5 .8 6 .1 .3 6 .2 6 .3 .1 6 .0 6 .2 .2

MRD 4 .8 4 .7 - . 1 4 .8 4 .8 .0 4 .8 4 .8 .4

RRN 6 .4 6 .3 - . 1 6 .2 7 .1 .9 6 .3 6 .7 .4

SRM 4 .8 5 .2 .4 4 .7 5 .1 .4 4 .8 5 .2 .4

GET 4 .8 6. 6 1 .8 5 .5 5 .1 - . 4 5 .2 5 .8 .6

EEK 6 .3 7 .1 .8 5 .8 5 .9 .1 6 .0 6 .5 .5

FER 6 .5 6 .6 .1 4 .9 4 .8 - . 1 5 .7 5 .7 .0

HED 5 .2 5 .6 .4 4 .0 5 .3 1 .3 4 .6 5 .4 .8

HEB 6 .7 6 .4 - . 3 5 .8 6 .1 .3 6 .2 6 .2 .0

HET 6 .0 8 .0 2 .0 5 .1 5 .6 .5 5 .6 6 .8 1 .2

VD



RAW DATA

GRADE EQUIVALENTS ON PRE- AND POST-TESTS IN ELEMENTARY SCHOOL MATHEMATICS
FOR SIXTY-NINE STUDENTS IN GRADES FOUR, FIVE, AND SIX (Continued)

C oncepts P roblem  S o lv in g C om posite
s tu d e n t P re - P o s t- Change P re - P o s t - Change P re - P o s t- Change

JEG 6 .0 6 .2 .2 5 .6 6 .6 1 .0 5 .8 6 .4 .6

KED 4 .6 5 .4 .8 3 .3 5 .0 1 .7 4 .0 5 .2 1 .2

LES 5 .3 5 .6 .3 6 .9 5 .9 - 1 .9 6 .1 5 .3 -  • 8

LED 3 .4 5 .2 1 .7 4 .0 4 .2 .2 3 .7 4 .7 1 .0

PEJ 6 .3 7 .3 1 .0 5 .3 6 .8 1 .5 5 .8 7 .0 1 .2

REG 7 .4 -  8 .0 .6 7 .6 7 .9 .3 7 .5 8 .0 .5

RED 5 .9 7 .5 1 .6 6 .1 6 .1 .0 6 .0 6 .8 .8

RET 5 .5 6 .9 1 .4 5 .1 5 .8 .7 5 .3 6 .4 1 .1

WEP 6 .4 6 .4 .0 6. 6 6 .1 - . 5 6 .5 6 .2 - . 3

BEG 5 .4 6 .1 .7 4 .9 5 .9 1 .0 5 .2 6 .0 .8

FES 7 .0 7 .1 .1 7 .2 7 .7 .5 7 .1 7 .4 .3

HEJ 6 .0 6 .5 .5 4 .6 5 .8 1 .2 5 .3 6 .2 .9

HEK 5 .5 6 .0 .5 4 .3 3 .6 - . 7 4 .9 4 .8 - . 1

t-*to
o



RAW DATA

g ra de equivalents on PRE- AND POST-TESTS IN ELEMENTARY SCHOOL MATHEMATICS
FOR SIXTY-NINE STUDENTS IN GRADES FOUR, FIVE, AND SIX (Continued)

C oncepts Problem  S o lv in g C om posite
s tu d e n t P re - P o s t- Change P re - P o s t- Change P re - P o s t- Change

LEC 5 .5 6 .3 .8 4 .6 5 .8 1 .2 5 .0 6 .0 1 .0

MEP 5 .4 4 .3 - 1 .1 2 .7 2 .6 - . 1 4 .0 3 .4 - . 6

PEM 5 .7 6 .7 1 .0 5 .1 4 .5 - . 6 5 .4 5 .6 .2

PEL 6 .1 6 .2 .1 4 .6 5 .3 .7 5 .4 5 .8 .4

SEH 6 .5 7 .1 .6 5 .8 6 .6 .8 6 .2 6 .8 .6

TEP 5 .5 6 .7 1 .2 5 .8 6 .1 .3 5 .6 6 .4 .8

BXR 7 .4 6 .8 - . 6 6 .0 7 .6 1 .6 6 .7 7 .2 .5

BXC 7 .8 7 .6 - . 2 6 .3 9 .4 3 .1 7 .0 8 .5 1 .5

CXM 7 .0 7 .7 .7 6. 6 7 .9 1 .3 6 .8 7 .8 1 .0

EXJ 7 .4 7 .7 .3 8 .6 9 .2 .6 8 .0 8 .4 .4

GXD 6 .1 6 .8 .7 5 .5 5 .3 - .2 5 .8 6 .0 .2

HXR 6 .3 6 .8 .5 6 .6 7 .2 .6 6 .4 7 .0 .6

LXJ 5 .4 6 .6 1 .2 6 .6 6 .2 - . 4 6 .0 6 .4 .4

N)



RAW DATA

GRADE EQUIVALENTS ON PRE- AND POST-TESTS IN ELEMENTARY SCHOOL MATHEMATICS
FOR SIXTY-NINE STUDENTS IN GRADES FOUR, FIVE, AND SIX (Continued)

C oncep ts Problem  S o lv in g C om posite
S tu d e n t P re - P o s t- Change P re - P o s t- Change P re - P o s t - Change

MXG 7 .8 9 .4 1 .6 7 .0 8 .3 1 .3 7 .4 8 .8 1 .4

OXG 5 .0 6 .3 1 .3 4 .1 5 .9 1 .8 4 .6 6 .1 1 .5

PXL 7 .9 8 .4 .5 8 .0 9 .7 1 .7 8 .0 9 .0 1 .0

PXR 6 .7 6 .8 .1 5 .5 6 .6 1 .1 6 .1 6 .7 .6

ZXP 7 .4 8 .2 .8 7 .4 8 .7 1 .3 7 .4 8 .4 1 .0

AXE 8 .4 8 .8 .5 8 .4 8 .9 .5 8 .4 8 .8 .4

AXM 5 .6 7 .6 2 .0 6 .6 7 .6 1 .0 6 .1 7 .6 1 .5

CXE 7 .8 8 .2 .4 9 .3 10 .0 .7 8 .6 9 .1 .5

DXM 6 .2 7 .2 1 .0 6 .5 8 .3 1 .8 6 .4 7 .8 1 .4

GXP 6 .5 6 .4 - . 1 6 .0 7 .4 1 .4 6 .2 6 .9 .7

HXM 5 .4 6 .8 1 .4 6 .5 8 .9 2 .4 6 .0 7 .8 1 .8

HXN 6 .0 7 .8 1 .8 7 .6 7 .6 .0 6 .8 7 .7 .9

HXA 5 .8 6. 6 .8 5 .8 7 .4 1 .6 5 .8 7 .0 1 .2

f-»
ro



RAW DATA

GRADE EQUIVALENTS ON PRE- AND POST-TESTS IN ELEMENTARY SCHOOL MATHEMATICS
FOR SIXTY-NINE STUDENTS IN GRADES FOUR, FIVE, AND SIX (Continued)

S tu d e n t
C oncep ts Problem  S o lv in g C om posite

P re - P o s t- Change P re - P o s t- Change P re - P o s t- Change

KXM 4 .4 6 .4 2 .0 4 .5 5 .3 .8 4 .4 5 .8 1 .4

MXL 6 .0 7 .1 1 .1 6 .8 8 .1 1 .3 6 .4 7 .6 1 .2

RSM 6 .8 7 .7 .9 6 .5 7 .6 1 .1 6 .6 7 .6 1 .0

TXC 4 .8 7 .1 2 .3 4 .9 6 .2 1 .3 4 .8 6 .6 1 .8
to
(j O


