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CHAPTER 1 

INTRODUCTION

S t im u lu s - r e s p o n s e  theory

The name "S timulus-Response  Theory" can be used to  r e f e r  to  a 

c l a s s  o f  t h e o r i e s  which a t tem p t  to e x p l a i n  the  behavior o f  b i o l o g i c a l  

o rgan ism s .  In t h i s  s tudy ,  d i f f e r e n c e s  among the t h e o r i e s  in th e  c l a s s  

w i l l  n o t  be c o n s id e re d .  Fur thermore ,  S-R th e o ry  w i l l  be cons ide re d  

on ly  as  i t  a p p l i e s  to  human s u b j e c t s .  Although t h i s  a p p l i c a t i o n  has 

always been the  most im por tan t ,  a l a r g e  p e r c e n ta g e  o f  r e s e a r c h  on the  

theory  has been done us ing animal s u b j e c t s .  The p r a c t i c a b i l i t y  o f  

us ing  animal s u b j e c t s  is  high  compared t o  t h a t  of  us ing  human s u b j e c t s ,  

and no t  a small  number o f  i n v e s t i g a t o r s  have f e l t  t h a t  a p a r t i a l  

g e n e r a l i z a t i o n  to  human behav ior  was j u s t i f i e d .  Such g e n e r a l i z a t i o n  

becomes very  s u s p e c t ,  however, when one c o n s id e r s  the  o b j e c t i o n s  (by 

competent  s t a t i s t i c i a n s )  to  g e n e r a l i z i n g  even from one human popu la 

t i o n  to  a s i m i l a r  one.

Through t h e  c e n t u r i e s  o f  man's a t t e m p t s  to  ana lyze  h im s e l f ,  t h e r e  

has seldom been any doubt t h a t  he f u n c t i o n s  a s  a p e r c e p t i v e  in s t ru m e n t .  

He has a c c e p te d  h im se l f  as  a b i o l o g i c a l  organism with  the  c a p a b i l i t y  o f  

making d e c i s i v e  responses  to  both  e x t e r n a l  and in t e r n a l  s t i m u l i .  This 

a c c e p ta n c e  evolved  in to  a s c ie n c e  ap p ro x im a te ly  a cen tu ry  ago w i th  t h e  

a i d  o f  such men as Thorndike,  Pavlov,  and Watson. Since i t s  f i r s t  f o r 

m u la t io n ,  the  S-R theory  s p r in g in g  from t h e  work o f  th e s e  men has taken  

a v a r i e t y  o f  forms and enjoyed a v a ry in g  deg ree  of  p o p u l a r i t y .  A f t e r  a
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very o p t i m i s t i c  beg inning  the  theory  l o s t  much o f  i t s  appeal  during  

the pe r iod  from 1920 to  1940. The reason  f o r  t h i s  lo ss  o f  p o p u l a r i t y  

was the  appea rance  o f  G e s t a l t  Theory,  which seemed to  many i n v e s t i g a 

t o r s  to be more d e s c r i p t i v e  o f  human n e u r o lo g i c a l  p r o c e s s e s .  However, 

G e s t a l t  Theory,  which has evolved in to  p r e s e n t  day f i e l d  t h e o r i e s ,  

s u f f e r e d  from a lack  o f  r i g o r  in b a s i c  d e f i n i t i o n .  Thrs s e r i o u s l y  

l im i t e d  growth th rough  s c i e n t i f i c  r e s e a r c h  methods, and al lowed  S-R 

theory  to  g r a d u a l l y  ga in  back much o f  i t s  p r e s t i g e .

Today most l e a rn in g  t h e o r i e s  can be c l a s s i f i e d  in two genera l  

c a t e g o r i e s :  C o g n i t iv e  t h e o r i e s ,  and S-R t h e o r i e s .  Both c a t e g o r i e s

assume man to  be a p e r c e p t iv e  organism fu n c t i o n in g  in response  to 

s t i m u l i .  The b a s i c  d i f f e r e n c e s  may be s t a t e d  as fo l low s .  In c o g n i t i v e  

t h e o r i e s  the  n e u r o lo g i c a l  a c t i v i t y  is  s t r o n g l y  goal c e n t e r e d ,  whereas 

in S-R the o ry  t h e  neu ro log ica l  p ro c e s s e s  may be q u i t e  p e r i p h e r a l  in 

r e l a t i o n  to  a r e sponse  goa l .  In a c o g n i t i v e  p ro c e s s ,  the  neura l  

a c t i v i t y  sequence  need not  be d i r e c t l y  r e l a t e d  to  th e  p a s t  e x p e r i e n c e  

o f  t h e  o rgan ism ,  but  can proceed a c c o rd in g  to  i n n a te  powers. In S-R 

theory  t h e  p r o c e s s  is  a produc t  o f  h a b i t  — o f  p r e v io u s ly  l e a rned  

a c t i v i t y  which th e  organism a u t o m a t i c a l l y  performs In response  to  given 

s t i m u l i .  In p a r t i c u l a r ,  the  behav ior  o f  a human be ing ,  acc o rd in g  to  

S-R th e o ry ,  is  t h e  r e s u l t  o f  a chain  o f  S-R occu r rences  beg inn ing  w i th  

some i n i t i a l  s t im u lu s  and c o n ta in in g  th o s e  responses  which c h a r a c t e r i z e  

the  b eh a v io r .  A given  organism w i l l  respond to a wide v a r i e t y  (a l a rg e  

s e t )  o f  s t i m u l i .  That  s e t  o f  s t im u l i  o v e r l a p s  t h e  s e t  of  responses  of  

which th e  o rgan ism  is  capab le .  Thus each response  in a s imple  S-R 

o ccu r renc e  i s  a p o t e n t i a l  s t im u lu s ,  and i f  we assume h a b i tu a l  responses  

to  g iven  s t i m u l i  then the  e x i s t e n c e  o f  h a b i tu a l  cha ins  f o l l o w s .  That
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i s ,  t h e r e  may be e s t a b l i s h e d  a cha in  o f  S-R occurrences  which w i l l  

r eoccur  in i t s  e n t i r e t y  upon th e  o c c u r r e n c e  o f  th e  i n i t i a l  s t im u lu s .

In g e n e r a l ,  an S-R theory  r e q u i r e s  the  fo l lowing  assumpt ions :

1. Man i s  a p e r c e p t i v e  o rgan ism ,  cap a b le  o f  making d e c i s i v e  responses  

to a wide v a r i t y  o f  e x t e r n a l  and i n t e r n a l  s t i m u l i .

2.  At any one t ime t h e r e  a r e  o n ly  a f i n i t e  number o f  s t im u l i  p e r c e i v 

a b l e  to  one s u b j e c t  (o rgan ism ) .

3. For any one s u b j e c t ,  t h e r e  is  a f u n c t i o n a l  r e l a t i o n s h i p  between 

h is  u n iv e r s a l  s e t  o f  s t i m u l i  and h i s  s e t  o f  r e sponses ,  and t h i s  

f u n c t i o n a l  r e l a t i o n s h i p  i s  de te rm ined  by the  s u b j e c t  th rough a 

p rocess  o f  e x t r a p o l a t i o n .  An o rd e re d  p a i r  (S,R) in t h i s  f u n c t i o n a l  

r e l a t i o n s h i p  has been c a l l e d  an "S-R c o n n e c t io n . "

As the  s u b j e c t  comes in to  c o n t a c t  w i th  f a m i l i a r  s t i m u l i ,  he 

responds  acc o rd in g  to  h i s  e s t a b l i s h e d  f u n c t i o n a l  r e l a t i o n s h i p .  As he 

comes in c o n t a c t  w i th  a new s t i m u l u s ,  he p e r c e i v e s ,  r e l a t e s  the  p e rce p 

t i o n  t o  h i s  p a s t  e x p e r i e n c e ,  a s s i g n s  meaning o r  wor th  to  th e  p e r c e p t io n  

— t h a t  i s ,  he a s s i g n s  a f u n c t i o n a l  v a lu e  to  the  s t i m u l u s ,  and the reby  

de te rm ines  an S-R co n n e c t io n .  This  p ro ces s  occu rs  q u i t e  probab ly  on 

s e v e ra l  l e v e l s  o f  aw areness ,  from an au to m a t ic  r e a c t i o n  to  a d e l i b e r a t e  

com ple te ly  consc ious  d e c i s i o n .

I t  is  not  always easy  o r  even p o s s i b l e  to i s o l a t e  o r  i d e n t i f y  a 

s im ple  s t im u lu s  o r  a s imple r e s p o n s e .  In f a c t ,  one S-R theory  assumes 

t h a t  a random sample o f  a l l  s t i m u l i  p e r c e i v a b l e  by the  s u b j e c t  is 

a c t u a l l y  being p e rce iv ed  by t h e  s u b j e c t  a t  any given  t ime.  An a l t e r n a t e  

assumption  is  t h a t  from the  s u b j e c t ' s  t o t a l  p e r c e p t io n ,  a dominant e l e 

ment,  which may o r  may no t  be i d e n t i f i a b l e ,  is the  s t im u lu s  to  which the  

s u b j e c t  w i l l  respond.  Other  s t i m u l i  t h a t  a r e  p r e s e n t  a r e  taken  in t o
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account as  c o n d itio n s  under which the s t im u lus  i s  o c c u r r i n g .  The 

l a t t e r  assumption  is  more com pa t ib le  with  the  use  o f  S-R th eo ry  in t h i s  

s tudy .

There a r e  a l s o  s e v e r a l  p o s i t i o n s  t h a t  may be taken  w i th  regard  to  

the  c o n d i t i o n s  under which a f u n c t i o n a l  va lu e  ( r e sponse )  w i l l  a c t u a l l y  

be a s s ig n e d  (become h a b i t u a l )  to  a s t im u lu s .  Today most t h e o r i s t s  fe e l  

t h a t  a r e sponse  must be accompanied by, o r  fo l low ed  immediately by, 

r e in fo rc em en t  in o r d e r  f o r  i t  to  become the  f u n c t i o n a l  va lue  o f  the  

s t im u lu s .

Impor tan t  to  t h i s  s tudy  i s  the  f a c t  t h a t  man i s  a p p a r e n t l y  im

mensely s u p e r i o r  to an im als  in h i s  a b i l i t y  to  use  r e p r e s e n t a t i v e  sounds 

— spoken words — and t h e i r  symbols - -  w r i t t e n  words .  He is  a l s o  a b l e  

to  e x p e r i e n c e  th e se  words w i th o u t  any s ign  o f  o v e r t  beh av io r  — no 

sound, no w r i t t e n  symbol,  and no muscular movement. This  g iv e s  him a 

l a rg e  s e t  o f  i n t e r n a l  s t i m u l i ,  o t h e r  than k i n e s t h e t i c ,  t o  which S-R 

theory  a p p l i e s .  Through the  use  of  words and symbols ,  man is  a b l e  to 

e x p e r i en ce  v i c a r i o u s l y  the  im por tan t  t e c h n o lo g ic a l  advances down 

through h i s t o r y .  In f a c t ,  i t  i s  an assumption o f  t h i s  s t u d y ,  t h a t  most 

o f  what man l e a r n s  (In p r e s e n t  day c i v i l i z e d  s o c i e t y )  is  th rough  words.

O rgan ized ,  meaningful  v e rb a l  in form ation  i s  e s s e n t i a l  f o r  
v i r t u a l l y  a l l  k inds  o f  l e a rn in g  excep t  th e  s i m p l e s t  v a r i 
e t i e s  ( 4 :1 5 3 ) . *

The v a s t  m a j o r i t y  o f  s ig n s  used in o r d i n a r y  communication 
a r e  what  we may term a ssig n s  — t h e i r  meanings a r e  l i t e r 
a l l y  " a s s i g n e d "  to  them v i a  a s s o c i a t i o n  w i th  o t h e r  s igns  
r a t h e r  than v i a  d i r e c t  a s s o c i a t i o n  w i th  t h e  o b j e c t s  s i g 
n i f i e d .  The word zebra  is  unders tood  by most s i x - y e a r - o l d s ,  
y e t  few o f  them have encounte red  ZEBRA o b j e c t s  themse lves .
They have seen  p i c t u r e s  o f  them, been t o l d  t h a t  they have 
s t r i p e s ,  run l i k e  h o r s e s ,  and a r e  u s u a l l y  found wi ld  (17 :8 ) .

*The n o t a t i o n  (n:m) is  used h e r e a f t e r  to  mean page m o f  b i b l i o 
g raph ic  r e f e r e n c e  n.



. . . , the  meanings o f  a s s i g n s  develop  o u t  o f  the  
co n tex t o f  primary s ig n s  w i th  which they occur .  As 
th e  c h i l d  who has l e a rn e d  to  read w i th  some f a c i l 
i t y  moves through a s t o r y ,  the m a t r ix  o f  f a m i l i a r  
s i g n s  l i m i t s  the  p o s s i b l e  meanings which the  new 
and u n f a m i l i a r  words can have.  And s i n c e  the  a d u l t  
s t o r y  w r i t e r s  a r e  reasonab ly  c o n s i s t e n t  in the 
s i g n s  they put  t o g e t h e r  (PRIESTS a r e  kind  and calm,
LIBERTY is good and f r e e ,  VICIOUS is  something 
c h a r a c t e r i s t i c  o f  w ild  anixnals, bad men, and so  o n ) , - 
a reasonab ly  s t a b l e  ass ign-meaning  deve lops .  Cer
t a i n l y ,  the  v a s t  m a j o r i t y  o f  l e x i c a l  items employed 
and unders tood  by a d u l t  humans a r e  a s s i g n s  in t h i s  
s ense  (17 :287) .

In p a r t i c u l a r ,  most mathemat ics i s  le a rned  th rough th e  use o f  words. 

Most words in the  language  o f  mathemat ics a r e  a s s i g n s .  Tha t  i s ,  t h e i r  

meaning is g iven through t h e  use o f  o t h e r  words.  Thus, in ap p ly in g  S-R 

theory to  the  l e a r n in g  o f  ma thematical  c o n c e p t s ,  i t  i s  r e a s o n a b l e  to 

assume t h a t  words form bo th  s t im u lu s  and re sponse  in most S-R o c c u r 

r ences .  For example,  g iven  th e  word TWO and th e  word DOUBLE, e i t h e r  

one as a s t im u lu s  in th e  p r e s e n c e  o f  the  o t h e r  w i l l  a u t o m a t i c a l l y  evoke 

the  response  " f o u r ” in a f i f t h  g rade  s t u d e n t .  I t  is  p o s s i b l e  t h a t  he 

learned  t h i s  re sponse  us ing  a p p l e s  o r  o r a n g e s .  In f a c t  i t  i s  l i k e l y  

t h a t  some s t u d e n t s  a c t u a l l y  handle  a p p le  and o range  o b j e c t s  in the 

i n i t i a l  s t a g e s  o f  l e a r n i n g  the  above r e s p o n s e .  And a f a r  g r e a t e r  

number a r e  p r e s e n te d  w i th  p i c t u r e s  o f  a p p le s  and o r a n g e s .  But i t  i s  a 

c e r t a i n t y  t h a t  a l 1 s t u d e n t s  en c o u n te r  the  words along w i th  any o b j e c t s  

o r  p i c t u r e s .  Fur thermore ,  even f o r  s t u d e n t s  t h a t  a c t u a l l y  a r e  p r e 

sen ted  w i th  o b j e c t s  o r  p i c t u r e s  in the f i r s t  e n c o u n t e r ,  t h e  r o l e  o f  the  

o b j e c t  o r  p i c t u r e  is  taken  over  t h e r e a f t e r  by words.  The p o i n t  is  t h a t  

once a person  l ea rn s  th e  concep t  o f  tw o-ness  and the  c o n c e p t  o f  orange, 

he can e x p e r i e n c e  th e  concep t  o f  two oranges merely by p e r c e i v i n g  the  

words TWO ORANGES. Thus in most l e a r n i n g  t h a t  takes  p l a c e  in s ch o o l ,  

words a r e  more l i k e l y  to  be used than t a n g i b l e  o b j e c t s .



Gagne's  h ie r a r c h y  of  l e a rn in g  types

S-R theory  e n t e r s  in to  t h i s  s tudy as i t  is  embedded in the  

h i e r a r c h y  o f  l e a rn in g  types sugges ted  by Robert M. Gagné. The f o l 

lowing c a t e g o r i z a t i o n  of  types  o f  le a rn in g  is  based on S-R theory  and 

was p re s e n t e d  by Gagné in The Condi t ions of  Learning (4 :3 6 ) .

1. S ignal  l e a r n in g :  n a tu ra l  au tom at ic  responses  to  c e r t a i n  s t i m u l i ,

such a s  an eye b l i n k  to a p u f f  o f  a i r ,  o r  the  r e t r a c t i o n  o f  a 

hand from c o n t a c t  with  a ho t  s tove .

2. S t im u lu s - r e s p o n se :  c o n d i t io n e d  nonautomatic responses  to  c e r t a i n

s t i m u l i ,  such as tu rn in g  on a lamp to o b t a i n  more l i g h t  w i th  which 

to  r e a d ,  o r  tu rn ing  the  s t e e r i n g  wheel o f  an au tom ob i le  to  n e g o t i a t e  

a cu rve .

3. S-R c h a i n in g :  a chain o r  sequence o f  S-R o c c u r r e n c e s  such as the

movements involved in s t a r t i n g  the  engine o f  a c a r ,  o r  the  sequence

o f  though t s  in th e  mind o f  a person t r y i n g  to  remember something 

f o r g o t t e n .

4. Verbal a s s o c i a t i o n :  a subca tegory  of  S-R ch a in in g  — a sequence of

words o r  p h ra s e s ,  each o f  which a c t s  as  a s t im u lu s  f o r  i t s  s ucces 

s o r  and response  to I t s  p r e d e c e s s o r .  Such words o r  phrases  might 

occu r  in connec tion  w i th  th e  a c q u i s i t i o n  o f  a b s t r a c t  concepts  where 

c ha in s  o f  muscular  a c t i o n s  would be i n s u f f i c i e n t .

5. D i s c r im in a t i o n :  a c q u i r i n g  the  a b i l i t y  to make f i n e r  d i s c r i m in a t io n s

in re sponses  a s ,  fo r  example,  in co lo r  i d e n t i f i c a t i o n  o r  musical 

p i t c h  r e c o g n i t i o n .

6. Concept l e a r n i n g :  r e c o g n i t i o n  or  i d e n t i f i c a t i o n  o f  c a t e g o r i e s  such

as  t h e  ca tego ry  o f  evenness as  ap p l i e d  to i n t e g e r s .  Gagné w r i t e s .
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"The e f f e c t  o f  concept learn ing i s  to  f r e e  the in d iv idu a l from con tro l

by s p e c i f ic  s tim u li."  (4 : l82)

A concept  îs a s to re d  s e t  of  connec t ions  in which 
a verba l  s igna l  c o n t ro l s  the  a ro u s a l  o f  h ab i t s  
a p p r o p r i a t e  to new s i t u a t i o n s ,  so t h a t  the  l e a r n 
ing o f  new s p e c i f i c  h a b i t s  is unnecessary  (5 :43) .

7 . Rule l e a rn in g :  r e c o g n i t io n  o r  i d e n t i f i c a t i o n  o f  r e l a t i o n s h i p s  

between concepts  such as the r e l a t i o n s h i p  between r ad iu s  and a rea  

o f  a c i r c u l a r  d i s c .

8. Problem s o lv in g :  the combining o f  r u l e s  to  form new r u l e s ,  such

as us ing  the  r u l e s  of  equa t ions  to  g e t  the  s o lu t i o n  to a p a r t i c u 

l a r  e q u a t io n ,  or  f ind ing  a new r u l e  o f  equa t ions  through the  

lo g i c a l  combination o f  known r u l e s .

Gagné has the fo l lowing  to  say concern ing  c o n d i t io n s  under which

concept  l e a rn in g  takes  p lace .

The s p e c i f i c  s t imulus  o b j e c t s ,  t o  which chains t h a t  
inc lude  a common f i n a l  l i n k  have been p r ev ious ly  
l e a rn e d ,  a r e  p re sen te d  s im u l ta n e o u s ly ,  o r  in c l o s e  
t ime su c c e s s io n .  I n s t r u c t i o n s  a r e  used to s t i m u l a t e  
the  l e a r n e r  to r e c a l l  and r e i n s t a t e  th e se  chains  ( 4 : l 8 l ) .

F u r th e r  c o n d i t io n s  inc lude  e v a l u a t i o n  and re in fo rcem en t .  As f o r  the

i n t e r n a l  c o n d i t i o n s :

P r e r e q u i s i t e s  to the l e a rn in g  o f  concepts  a r e  capa
b i l i t i e s  t h a t  have p r e v io u s l y  been e s t a b l i s h e d  by 
m u l t i p l e  d i s c r i m i n a t i o n .  A s e t  o f  verba l  (or o th e r )  
cha ins  must have p r e v io u s ly  been a c q u i r ed  to rep re
s e n ta tiv e  s t im u lus  s i t u a t i o n s  t h a t  e x h i b i t  the 
c h a r a c t e r i s t i c s  of  the c l a s s  t h a t  d e s c r ib e s  the  
concep t ,  and t h a t  d i s t i n g u i s h  t h e s e  s t im u l i  from 
o t h e r s  not  included in the c l a s s  ( 4 : l 8 0 ) .

The c o n d i t i o n s  under which S-R c h a in in g  takes  p la ce  a r e  as  fo l lows:

In te rn a l  C ond i t ions :

Of utmost importance to the a c q u i r i n g  o f  cha ins  is 
the  requ irement t h a t  each in d iv id u a l  s t im u lu s - r e s p o n se  
connec t ion  be prev io u sly  learned  ( 4 :128) .
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I f  one cou ld  make su re  t h a t  each Ind iv idua l  l i n k  were 
f u l l y  l e a r n e d ,  the  a d d i t i o n a l  e x t e r n a l  cues requ i red  
cou ld  be reduced to an a b s o l u t e  minimum (4 :129) .

External  C o n d i t io n s :

Assuming t h a t  the  l i n k s  a r e  known, the  main c o n d i t i o n  
f o r  t h e  e s t a b l i s h m e n t  o f  a cha in  Is g e t t i n g  the  
l e a r n e r  to  r e in s ta te  them one a f t e r  the  o t h e r  in  th e  
proper order  (4 :129).

The o t h e r  c o n d i t i o n s  Include c o n t i g u i t y  o f  Ind iv idua l  l i n k s ,  

r e p e t i t i o n ,  r e in f o r c e m e n t ,  and low I n t e r f e r e n c e .  I t  Is sugges ted  t h a t  

the  b e n e f i c i a l  e f f e c t s  o f  r e p e t i t i o n  a r e  from the  p r o b a b i l i t y  t h a t  

c o n d i t io n s  f o r  l e a rn in g  a r e  no t  a l l  optimum dur ing  any s i n g l e  S-R 

o cc u r r e n c e ,  and from the weakening o f  I n t e r f e r e n c e  by r e p e t i t i o n .  

" I n t e r f e r e n c e "  can be def ined  as the  weakening o f  one S-R connec tion  

by the  o c c u r r e n c e  o f  a n o th e r .

The problem

The purpose  o f  the  study was to I n v e s t i g a t e  the  a p p l i c a b i l i t y  o f  

Gagne's h i e r a r c h y  o f  l e a rn in g  types to  t h e  l e a rn in g  o f  mathematical  

conce p ts .  S p e c i f i c a l l y ,  the  a t t e m p t  was to  d e t e c t  the  p resence  and 

e f f e c t  o f  S-R c h a i n in g ,  In the  form o f  verba l  a s s o c i a t i o n ,  on the 

le a rn in g  o f  a l g e b r a i c  and geom etr ic  concep ts  — to  v e r i f y  (or r e f u t e )  

t h a t  the a c q u i s i t i o n  o f  the se  co n c e p t s ,  by c o l l e g e  s t u d e n t s .  Involves 

the  fo rmat ion  o f  verba l  c h a i n s ,  and to  p r e s e n t  v a l i d  s t a t i s t i c a l  e v i 

dence having Im p l ic a t io n s  rega rd ing  the e f f e c t  o f  th e se  verba l  cha ins  

( i f  they e x i s t )  on the  s t u d e n t ' s  per formance in concept  a c q u i s i t i o n .

The problem can be put  In the  form o f  two q u e s t i o n s :

1. Does v e rba l  c h a in in g  occur  In th e  p rocess  o f  l e a rn in g  geometr ic  

and a l g e b r a i c  concepts?
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2. Is th e  performance o f  S, in t h e  a c q u i s i t i o n  o f  a l g e b r a i c  and

geom etr ic  co n ce p ts ,  a f f e c t e d  by the  o ccu r rence  o f  verba l  ch a in in g ?

D e tec t ing  the  o c c u r r e n c e  o f  a verba l  cha in  in the n e u ro lo g i c a l  

p ro c e s s e s  o f  S, as  S s t u d i e d  a c o n c e p t ,  was o f  key importance in t h e  

s tu dy .  The d e c i s io n  as to  whether  such a cha in  o ccu r red  was made on 

the  b a s i s  o f  S ' s  s e l f - e v a l u a t i o n  o f  h i s  thoughts immediately a f t e r  he 

had s t u d i e d  the  concep t .  At t h a t  t ime he was asked to  choose th e  one 

o f  the  fo l low ing  t h r e e  s t a t e m e n t s  which was most n e a r ly  t r u e .

As I s tu d ie d  th e  conce p t ,

a .  t h e r e  were d e f i n i t e l y  no words in my th ough t s .

b. t h e r e  may have been c e r t a i n  words in my th o u g h t s .

c .  t h e r e  were d e f i n i t e l y  c e r t a i n  words in my th o u g h t s .

A measure o f  th e  adequacy o f  ve rba l  cha ins  was then made by 

ask ing  S to  w r i t e  a l i s t  o f  words t h a t  may have been (or  d e f i n i t e l y  

were) " i n  h i s  though ts"  — words t h a t  helped him to  l e a r n  t h e  c o n c e p t .  

The number o f  s u i t a b l e  words in t h i s  l i s t  was taken  to  be th e  v a l u e  o f

v a r i a b l e  V f o r  the  s u b j e c t .  I t  was dec ided  t h a t  a word was " s u i t a b l e "

i f  i t  could  be seen ,  by E, to  be s u i t a b l e  as a l i n k  in a verba l  cha in  

f o r  the  concep t .  A more com ple te  d i s c u s s i o n  o f  the  measurement o f  V 

may be found in Appendix A.

Two o t h e r  independent  v a r i a b l e s  in the  s tudy  a r e  concep t  ty p e  

(T ) , and concept  com plexity  (C). Tasks were chosen (appendix B) so 

t h a t  T and C each had two f i x e d  v a l u e s :  A lg eb ra ic  o r  geom etr ic  f o r  T,

and s imple  o r  complex f o r  C.

The dependent  v a r i a b l e ,  per formance (P) ,  was d e f in e d  as t h e  s c o r e  

on a t e s t  given to  S to d e t e rm in e  how well he had l ea rned  th e  c o n c e p t .  

The s c o r in g  scheme and r e l i a b i l i t y  a r e  given in appendix C.
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Hypotheses

S-R the o ry  and Gagne's  h ie r a r c h y  lead to  the  fo l low ing  hypotheses :

1. Verbal c ha in ing  does occur  In the  p rocess  o f  l e a rn in g  geom etr ic  and 

a l g e b r a i c  concep ts .

2.  An i n c r e a s e  in the  amount of  verba l  cha in ing  w i l l  i n c re a s e  per form

ance  in th e  a c q u i s i t i o n  o f  a l g e b r a i c  and geometr ic  co n ce p ts .

3. More verba l  ch a in in g  w i l l  occur  in l e a rn in g  complex concep ts  than 

in l e a r n in g  s imple co n c e p t s .

In terms o f  th e  v a r i a b l e s  o f  t h e  s tu d y  the hypotheses  may be 

s t a t e d  as  fo l low s :

1. S w i l l  choose s t a t e m e n t  b o r  c .  (page 9)

2.  V w i l l  be p o s i t i v e l y  c o r r e l a t e d  w i th  P.

3. V w i l l  be p o s i t i v e l y  c o r r e l a t e d  w i th  C.

Hypothes is  1 fo l low s  from the  the o ry  s in c e  the  theory  r e q u i r e s

S-R c h a i n in g  in the l e a r n i n g  o f  c o n c e p t s .  The l i n k s  o f  the  verba l

cha ins  a p p r o p r i a t e  f o r  th e  concep ts  o f  t h i s  s tudy  a r e  assumed to  have 

been l e a rn e d  by a l l  s u b j e c t s .  I t  is  the  use  of  t h e se  known l i n k s  to 

c o n s t r u c t  cha ins  in l e a r n i n g  the  concep ts  t h a t  w i l l  be o f  c e n t r a l  

i n t e r e s t .  In the  ev e n t  t h a t  S does no t  c o n s t r u c t  ve rba l  cha ins  the  

i n t e r p r e t a t i o n  w i l l  be t h a t  S-R c h a in in g  is not a p r e r e q u i s i t e  o f  

c oncep t  l e a r n i n g .  A p o s s i b l e  e x c e p t io n  might  occur i f  a l l  the l i n k s  

in the  S-R cha ins  were nonverbal  *■- e . g . ,  in l e a rn in g  a s imple geomet

r i c  concep t  the  S-R l i n k s  might  a l l  be v i s u a l  images (4 :1 3 7 ) '  Thus, 

h y p o th e s i s  1 might be expec ted  to  be f a l s e  fo r  s imple geometr ic  

c o n c e p t s .
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The theory  p r e d i c t s  h y p o th e s i s  2 s i n c e ,  in t h i s  s tu d y ,  the  

f a i l u r e  on th e  p a r t  o f  S to  use (while  s tu dy ing)  a p p r o p r i a t e  words 

to  d e s c r i b e  the  concept  w i l l  be i n t e r p r e t e d  to mean t h a t  t h e r e  a r e  

miss ing  l i n k s  in h i s  S-R cha in s  f o r  th e  concept .  That i s ,  few 

a p p r o p r i a t e  words used by S w i l l  I n d i c a t e  poor i n t e r n a l  c o n d i t i o n s  

f o r  l e a r n i n g ,  whereas ,  i f  S uses  a g r e a t e r  number o f  a p p r o p r i a t e  

words,  t h e  c o n d i t i o n s  f o r  l e a r n in g  w i l l  be cons ide red  to be b e t t e r .  

Again an ex c e p t io n  might  be made f o r  s imple geometr ic  concep ts  where 

v i s u a l  l i n k s  a r e  ta k ing  the  p l a c e  o f  verba l  l i n k s .

The th e o ry  would p r e d i c t ,  in g e n e r a l ,  t h a t  a complex concept  

would r e q u i r e  more cha ins  and longe r  cha ins  than a simple c o n ce p t .  

This  accoun ts  f o r  hypo the s i s  3.

Re la ted  l i t e r a t u r e

Most o f  t h e  l i t e r a t u r e  r e l a t e d  to Gagne's sugges ted  h ie r a r c h y  

concerns  i t s e l f  with  concept  a c q u i s i t i o n ,  r u l e  l e a r n in g ,  and problem 

s o l v i n g ,  and d e a l s  fo r  th e  most p a r t  with  p r a c tic a l  a s p e c t s  o f  t h e se  

s u b j e c t s  r a t h e r  than th e o r e t ic a l  a s p e c t s .  V e r b a l i z a t i o n  e n t e r s  in to  

some r e s e a r c h ,  but  from the  a s p e c t  o f  the  r e l a t i v e  e f f e c t i v e n e s s  o f  

v e rb a l  p r e s e n t a t i o n  v s .  some o t h e r  type o f  p r e s e n t a t i o n .  The ques 

t i o n  o f  how (or whether) words e n t e r  i n t o  the  n eu ro lo g ic a l  a c t i v i t y  

o f  S as he l e a rn s  is no t  o f t e n  t r e a t e d .

Joseph Manning Lane, J r .  (1970) found t h a t  supp ly ing  verba l  

m e d ia to r s  o r  r e q u i r i n g  S t o  f i n d  h i s  own verba l  media to rs  produced 

s i g n i f i c a n t l y  b e t t e r  per formance in p a i r e d - a s s o c i a t e  l e a r n i n g  than 

i f  S was no t  given  any m e d ia t i o n a l  t r e a tm e n t  (1 4 ) .*

"The n o t a t i o n  (n) i s  used to  r e f e r  to  b i b l i o g r a p h i c  r e f e r e n c e  n.
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Clark  Lewis Wanbold (1970) concluded from a s tudy w i th  educable 

m en ta l ly  r e t a rd e d  c h i l d r e n  t h a t  i n s t r u c t i n g  youngs te rs  to  fo rmula te  

verbal  media to rs  o r  supply ing  them with  verba l  media to rs  f a c i l i t a t e d  

t h e i r  l e a rn in g  on a p a i r e d - a s s o c i a t e  l e a rn in g  ta sk  and a l s o  on a 

subsequen t ,  s i m i l a r  p a i r e d - a s s o c i a t e  t a s k  (22).

Murray S. Bartky (1971) found t h a t  more s o l u t i o n s  were achieved 

( so lv ing  problems o f  co n s e rv a t io n  and t r a n s i t i v i t y )  by S ' s  r e p o r t in g  th e  

use o f  verba l  med ia t ion ,  bu t  r e s u l t s  on ly  in d i c a te d  a s l i g h t  t rend  (1) .

John Poston Houston,  (1965) working with  a sample o f  female 

underg radua tes  a t  the  U n iv e r s i t y  o f  Michigan,  ( in p a i r e d - a s s o c i a t e  

l e a r n in g )  concluded s t ro n g  suppo r t  f o r  the hypo thes i s  t h a t  e a se  of  

verba l  S-R l e a rn in g  is a d i r e c t  fu n c t io n  o f  the  number o f  media t ing 

cha ins  e x i s t i n g  between the  s t im u lu s  and th e  re sponse  (10).

In 1962, Gagne and E. C. Smith,  J r .  did  a r e s e a r c h  s tudy  on the 

e f f e c t s  o f  v e r b a l i z a t i o n  on problem so lv in g  in which S ' s  were requ ired  

in one t r e a tm e n t  to  s t a t e  v e r b a l l y  a reason f o r  each s t e p  in the  s o lu 

t i o n  o f  a problem. The s tu d y ,  done w i th  9 th  and 10th g rade  male sub

j e c t s ,  sugges ted  t h a t  v e r b a l i z a t i o n  dur ing problem s o lv in g  does in c re a s e  

performance  (8) .  A s i m i l a r  r e s u l t  was ob ta ined  by Marks in 1951, when 

he o b ta in e d  a c o r r e l a t i o n  o f  .83  between performance and v o c a l i z a t i o n  by 

S ' s  ( 15) .  However, many s t u d i e s  have been done in which v e r b a l i z a t i o n  

by S ' s  was not  found to  be h e l p f u l .  Katona (1940) found t h a t  a method 

which involved  te ach ing  verba l  p r i n c i p l e s  in so lv in g  m a tc h s t i c k  problems 

was l e s s  e f f e c t i v e  than a method o f  teach ing  by example (8 ) .  Haslerud 

and Meyers (1958) found an exper imenta l  t r ea tm e n t  in which v e rb a l ly  

s t a t e d  p r i n c i p l e s  o f  s o l u t i o n  o f  cryptograms were g iven  to  S ' s  to be
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l e s s  e f f e c t i v e  f o r  s o l u t i o n  o f  new cryptograms than was a t r e a tm e n t  In 

which S ' s  were r e q u i r e d  to  d i s c o v e r  s o l u t i o n s  fo r  themselves (8 ) .

Ger trude Hendrix (19^7) s t u d ie d  g e n e r a l i z a t i o n  and spoke o f  

" in t e r m e d ia t e  f l a s h e s  o f  u n v e rb a l ized  a w aren es s . "  (9:200) Her s tudy  

supported  the hy p o th e s i s  "For g e n e r a t i o n  o f  t r a n s f e r  power, the  unver

bal Ized awareness method o f  l e a r n in g  a g e n e r a l i z a t i o n  Is b e t t e r  than 

a method In which an a u t h o r i t a t i v e  s t a t e m e n t  o f  the g e n e r a l i z a t i o n  

comes f i r s t , "  (9:198) The s tudy  a l s o  I n d ic a te d  t h a t  v e r b a l i z a t i o n  o f  

a g e n e r a l i z a t i o n  Immediately a f t e r  d i s c o v e ry  may a c t u a l l y  d e c r e a s e  

t r a n s f e r  power (9 ) ,  A n e u t r a l  r e s u l t  was o b ta ined  by Bernard R. Corman, 

(1957) who w ro te  " su c cess  In v e r b a l i z i n g  the  ru l e  was u n c o r r e l a t e d  with  

success  In s o lv in g  the  p rob lem s ."  (2)

Leonard Theodore Nelson,  J r ;  (1968) concluded high ve rba l  a b i l i t y  

a lone  did  not  g iv e  s i g n i f i c a n t l y  b e t t e r  performance In l e a r n i n g  the  

concept  o f  f u n c t i o n .  Nor did a verba l  approach to  te ach ing  a c h i e v e  

b e t t e r  r e s u l t s .  Approaches co n s id e re d  were v e r b a l ,  v i s u a l - s p a t i a l , and 

numerica l .  The same c a t e g o r i e s  were co n s id e re d  In a b i l i t y  (16).

A s tudy  was done by Raymond W. Kulhavy in 1971 Involv ing  language  

media t ion  and p a i r e d - a s s o c i a t e  l e a rn in g  In c o l l e g e  s t u d e n t s .  The s tudy 

sugges ted t h a t  w r i t t e n  word m ed ia to rs  f o r  pa 1r e d - a s s o c l a t e s  (embedding 

In a s e n ten c e ,  o r  connec t ing  w i th  a verb)  were of  no he lp  to S ' s .

Kulhavy c o n j e c tu r e d  t h a t  the  r e s u l t  was due to  the advanced a b i l i t y  of  

the  c o l l e g e  s t u d e n t  to p ro v id e  h i s  own media t iona l  dev ices  ( l 8 ) .  (Some 

e a r l i e r  s t u d i e s  had In d ic a te d  t h a t  younger c h i ld r e n  were he lped  by 

being given  word m e d ia to r s . )

A s tudy  by Lee and Gagné in 1969, Involv ing  c o l l e g e  s t u d e n t s .  

Ind ica ted  t h a t  a l e a rned  concept  Is more l i k e l y  to  be I n t e g r a t e d  w i th
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o t h e r s  when i t  is p ro p e r ly  l a b e le d  in terms o f  th e  formal s i m i l a r i t y  

o f  t h e  two u n i t s  to be in t e g r a t e d  (6 ) .  This  bears  d i r e c t l y  on the 

p r e s e n t  s tudy ,  s in ce  the  hypo thes ized  verba l  cha in s  used dur ing  

concep t  a c q u i s i t i o n  a r e  assumed to  involve the  i n t e g r a t i o n  o f  known 

c o n c e p t s .

Another s tudy by Lee and Gagné in 1970, e n t i t l e d  E f f e c t s  of  

Degree o f  Component Learning on the  A c q u i s i t io n  o f  a Complex Concep

tu a l  Rule , gave evidence s u p p o r t in g  a m ed ia t iona l  accoun t  o f  the 

p rocess  o f  conceptual  r u l e  l e a rn in g  (7) .

A s tudy  in 1967, o f  the  E f f e c t s  o f  V e r b a l i z a t i o n  and P r e t r a i n i n g  

on Concept Atta inment  by Child ren  in Two Media t iona l  C a t e g o r i e s , sup

p o r t e d  n e i t h e r  the p resence  nor  absence  o f  verba l  m ed ia t iona l  p ro ces 

ses  (21).

B. F. Skinner w r i t e s

The da ta  which g ive r i s e  to  the no t ion  o f  c o v e r t  speech 
can be d e a l t  w i th  as such with  the degree  o f  r i g o r  p r e 
v a i l i n g  e lsewhere  in a s c i e n c e  o f  verba l  behav io r  a t  
th e  p re s e n t  time (20 :435) .

The range o f  verba l  behav io r  is  roughly sugges ted  in 
. descending o r d e r  of  ene rgy ,  by s h o u t in g ,  loud t a l k i n g ,  

q u i e t  t a l k i n g ,  w h i s p e r in g ,  m u t te r ing  "under  o n e ' s  
b r e a t h , "  su b -a u d ib l e  speech with  d e t e c t a b l e  muscular  
a c t i o n ,  su b -a u d ib l e  speech o f  u n c lea r  d im ens ions ,  and 
perhaps even the  "unconsc ious  t h in k in g "  sometimes in 
f e r r e d  in in s t a n c e s  o f  problem s o lv in g .  There is  no 
p o in t  a t  which I t  is  p r o f i t a b l e  to draw a l i n e  d i s t i n 
gu ish ing  th in k in g  from a c t i n g  on t h i s  cont inuum. So 
f a r  as  we know, the  e v en t s  a t  the  c o v e r t  end have no 
spe c ia l  p r o p e r t i e s ,  o b s e rv e  no spe c ia l  laws,  and can be 
c r e d i t e d  with  no s p e c i a l  achievements (20 :438) .

I t  i s  with  the e x i s t e n c e  and e f f e c t  o f  t h e  c o v e r t  end o f  t h i s

continuum t h a t  the p r e s e n t  s tudy  concerns i t s e l f ,  the  assumpt ion

being  t h a t  i t  embodies the  form o f  S-R cha in ing  a p p r o p r i a t e  to  the

le a r n in g  of  concepts  in Gagne's  sugges ted  h i e r a r c h y .



CHAPTER II 

DESIGN

Experimental des ign

One hundred and s i x t y  s tu d e n t s  were taken  from seventeen  freshmen 

mathematics c l a s s e s  — n in e ty  from n ine  s e c t i o n s  o f  In te rm e d ia te  Alge

bra and seven ty  from seven s e c t i o n s  of  Co l lege  A lgebra .  The s t u d e n t s  

were o b ta ined  by ask ing  them to  v o lu n t e e r  d u r in g  c l a s s  t ime.  C o inc i 

d e n t a l l y ,  t h e r e  were an equal number o f  males and females in the  sample.

The s u b j e c t s  came one a t  a time from t h e i r  c lass room  to  an o th e r  

room in th e  same b u i l d in g  to  p a r t i c i p a t e  in the  exper iment .  They were 

a s s igned  randomly to  one o f  the fou r  t a s k s  (appendix  B) by us ing  a 

t a b l e  o f  random numbers.  The exper imen tal  p rocedu re  was as f o l l o w s .

The s u b j e c t  (S) was ushered in to  the  room and asked to s i t  down 

a t  an empty desk .  The room was well i n s u l a t e d  from d i s t r a c t i n g  n o i s e ,  

on the n in th  f l o o r  o f  th e  Phys ical  Sc iences  b u i l d i n g  on The U n i v e r s i t y  

o f  Oklahoma campus. S was then given i n s t r u c t i o n s  and in form at ion  

conce rn ing  a s h e e t  of  paper which was about  to  be given to  him. If  S 

was to  be g iven an a l g e b r a i c  t a sk  from th e  random o r d e r i n g ,  he was 

t o l d  t h a t  on th e  s h e e t  were w r i t t e n  four  s eq u en ce s ,  and t h a t  he was to  

s tu dy  th e  fou r  sequences  s i l e n t l y  u n t i l  he knew th e  common p a t t e r n  and 

could  complete such a sequence i f  given th e  f i r s t  number. Care was 

taken to  be s u r e  S knew what was expec ted  o f  him. He was t o l d  to  t a k e  

as much t ime as he needed and to l e t  the  ex p e r im e n te r  know when he was 

through ( fo r  t iming p u rp o s e s ) ;  then he was g iven  th e  study s h e e t  (appen

d ix  D).

15
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I f  S was to  be given a geom etr ic  t a s k  from th e  random o r d e r i n g ,  

he was t o l d  t h a t  the  s h e e t  about  to  be given to  him con ta ined  four  

examples o f  a geometr ic  f i g u r e  — a geometric  f i g u r e  had been drawn on 

th e  s h e e t  fo u r  t imes — and t h a t  he was to s tudy  the  examples o f  the 

f i g u r e  s i l e n t l y  u n t i l  he f e l t  t h a t  he could draw i t  from memory.

Other i n s t r u c t i o n s  were the  same as f o r  the a l g e b r a i c  t a s k s .

When S in d ic a te d  t h a t  he was th rough  s tu d y in g ,  th e  t ime was 

recorded  and he was immediately g iven  sh ee t  2 which read  as f o l l o w s :

C i r c l e  the  l e t t e r  o f  the  s t a t e m e n t  which is most n e a r ly  t r u e .

As I s t u d ie d  the  examples ,  I

a .  d e f i n i t e l y  had no words in my though ts .

b.  may have had c e r t a i n  words in my though t s .

c .  d e f i n i t e l y  had c e r t a i n  words in my th ough t s .

When S completed s h e e t  2,  i f  he had chosen "b"  o r  " c , "  he was 

given  s h e e t  3 upon which he was asked  to w r i t e  a l i s t  o f  words t h a t  

were (or  may have been) in h i s  though t s  w hile  he was s tu d y in g  — words 

t h a t  he lped  him " l e a r n  th e  c o n c e p t . "  A f te r  he completed t h i s  l i s t  (or 

immediately a f t e r  comple t ing  s h e e t  2 i f  he chose "a"  on t h a t  s h e e t )  he 

was given  s h e e t  4 which r e q u e s te d  th e  number o f  y e a r s  o f  mathematics 

he had taken  in school s i n c e  th e  e i g h t h  g rade ,  h i s  ave ra ge  grade  in 

mathematics  and h i s  age.

A f t e r  comple t ing  s h e e t  4, S was given the  t e s t  s h e e t  and t imed. 

The t e s t s  f o r  each o f  the  fo u r  concep ts  a r e  e x p la in ed  in appendix  C.

Sheet  3, on which S l i s t e d  words ( t h a t  were in h i s  th ough ts  as he 

s tu d i e d  t h e  c o n c e p t ) ,  was expec ted  to  a c t  as  a d e t e r r e n t  to  i n t e r f e r 

ence .  The r e p e t i t i o n  o f  the  ve rba l  c h a i n ( s )  here cou ld  have a c t ed  

a g a i n s t  t h e  e f f e c t s  o f  i n t e r f e r e n c e  g enera ted  on s h e e t  4. I f  S did
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no t  form verbal  cha ins ,  o r  formed Inadequa te verbal  c h a i n s ,  i n t e r f e r 

ence was expec ted  to lower h i s  performance .  I t  should be noted t h a t  

t h i s  r e p e t i t i o n  on shee t  3 lacked some o f  the b e n e f i c i a l  e f f e c t  o f  

p ra c tic e  in t h a t  S was r e p ea t in g  what he b e lieved  {a t th a t tim e) to  

be the  c h a i n ( s ) .  I t  is p o s s i b l e  t h a t  some i n t e r f e r e n c e  had a l r e a d y  

a l t e r e d  h i s  o r i g i n a l  verbal  c h a i n ( s )  by the  time he began the  r e p e t i 

t i o n .  However, i t  seems rea s o n ab le  to  assume t h a t  S expe r i enced  

g rea te r  i n t e r f e r e n c e  on shee t  4 where he concen t ra ted  h i s  a t t e n t i o n  

on th ings  e n t i r e l y  d i f f e r e n t  from the  learned  verbal  c h a i n ( s ) .  And 

i t  is the  e f f e c t  o f  t h i s  l a t t e r  i n t e r f e r e n c e  t h a t  the  p r a c t i c e  on 

s h e e t  3 should  have helped to  combat.  Thus a dev ice  was b u i l t  i n t o  

the  exper imenta l  des ign  which was expec ted to  magnify any p o s i t i v e  

c o r r e l a t i o n  t h a t  t r u l y  e x i s t s  between V and P.

A f t e r  a l l  S ' s  had been p ro c e s s e d ,  word counts ( the  number o f  

s u i t a b l e  words l i s t e d  by S on page 3) were made independently  by th ree  

ju d g e s .  Each s u b j e c t ' s  word s c o r e  was then taken to  be th e  ave rage  o f  

th e  th r e e  s c o re s  given him by th e  ju d g e s .  The same p rocedure  was used 

in grading  th e  geometr ic  t e s t s ,  the  g raders  being c a r e fu l  n o t  to  r e f e r  

in any way t o  S ' s  word score  w h i l e  grading h is  t e s t .  The g rad ing  

scheme on th e  a l g e b r a i c  t e s t s  was cons idered  by the  a u th o r  to  be o b je c 

t i v e  enough t h a t  t h i s  type o f  ave rage  techn ique was not  needed.

I t  was be l ieved  a t  f i r s t  t h a t  the  d i f f i c u l t i e s  to be encountered  

in o b t a in in g  accuracy in the nece ssa ry  measurements would in t ro d u ce  

s u f f i c i e n t  inaccuracy th a t  s e v e ra l  c o v a r i a t e s  might be needed to make 

i t  s t a t i s t i c a l l y  p o s s i b l e  to  d i s p l a y  the  hypothesized  r e l a t i o n s h i p s .

In p a r t i c u l a r ,  study time  and t e s t  tim e  were expected to be needed.
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O bta in ing  age, years o f  mathematics experience, and average grade  a l s o  

served  to  improve experimenta l  d e s ig n ,  as  noted above.

A l i s t  o f  v a r i a b l e s  which were a v a i l a b l e  fo r  s t a t i s t i c a l  p ro ces 

s ing  is  given below.

Performance (g rader  l)

Performance (g rader  2)

Performance (g rader  3)

P (average  o f  the  t h r e e  g r a d e r s )

Word count  ( judge 1)

Word count  ( judge 2)

Word count  ( judge 3)

V (average  o f  the  t h r e e  ju d g e s )

Sex

Concept type 

Concept complexity 

Study t ime 

T es t  t ime

Years o f  school mathematics s in c e  the  e ig h th  grade 

Average grade  in mathematics

S ' s  s e l f  e v a l u a t i o n  of  whether  he had "words in h i s  t h o u g h t s "

Age

S t a t i s t i c a l  design

A p re l im in a ry  c o r r e l a t i o n  m a t r ix  was computed us ing  a l l  v a r i a b l e s .  

From the  r e s u l t s  o f  t h i s  m a t r ix ,  hypotheses  2 and 3 were t e s t e d ,  and 

r e l i a b i l i t y  c o e f f i c i e n t s  were o b ta in e d  on the word count  and perform

ance .  A m u l t i p l e  l i n e a r  s t e p w is e  r e g r e s s io n  was then  run ,  us ing
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performance  as the  dependent  v a r i a b l e .  This  y ie ld e d  a c o r r e l a t i o n  

c o e f f i c i e n t  f o r  performance  and word count  a f t e r  the  v a r i a n c e  due to 

concept  complexity had been accounted  f o r .  This  was used as a f u r t h e r  

t e s t  o f  hypo thes i s  2.

As a f i n a l  s t a t i s t i c a l  p rocedure  r e l a t e d  to  hypo the s i s  2,  t - t e s t s  

were made on the  d i f f e r e n c e s  o f  performance  means f o r  high and low V 

in each o f  the  fou r  t a s k s .

Hypothesis  1 was t e s t e d  us ing  a chi square  goodness o f  f i t  t e s t  

on the  f r e q u e n c i e s  o f  " a , "  " b , "  and "c"  chosen by S on s h e e t  2. The 

the o ry  would p r e d i c t  t h a t  i f  the  concep t  were l e a rn e d ,  "b"  o r  "c"  

would be chosen.  Hence, i f  " a"  was chosen,  then the  concep t  had not  

been le a rn ed .  Thus,  t h e r e  should be no more cho ices  o f  " a "  than th e r e  

a r e  S ' s  who f a i l e d  to l e a rn  th e  conce p t .  Since th e  s tudy  t ime was t e r 

minated on ly  a f t e r  S b e l i e v e d  he had le a rned  the  co n ce p t ,  a r ea sonab le  

t h e o r e t i c a l  model would be zero  c h o ices  o f  "a"  and one hundred and 

s i x t y  cho ices  o f  "b"  o r  " c . "  However, s i n c e  v a l i d i t y  o f  th e  chi 

square  t e s t  r e q u i r e s  a t h e o r e t i c a l  f requency  o f  f i v e  o r  more in each 

c e l l ,  th e  model was a l t e r e d  a c c o r d in g ly  — f i v e  cho ices  o f  " a "  and one 

hundred and f i f t y  f i v e  cho ices  o f  "b"  o r  " c . "



CHAPTER III  

RESULTS

The a t t i t u d e  of  the  s u b j e c t s  was e x c e l l e n t ,  and a l though  f r e 

q u e n t ly  l i t t l e  i r r e g u l a r i t i e s  o c c u r r e d  in t h e  exper imenta l  p rocedu re ,  

on t h e  whole t h e  p ro c e s s in g  o f  s u b j e c t s  went smoothly w i th  few unex

pec ted  d i s r u p t i n g  e x p e r i e n c e s .  On t h r e e  occas ions  a s u b j e c t  was 

unable  to  l e a rn  the  concept  and "gave up" a f t e r  ten minutes o f  s tu d y .

In each o f  t h e s e  cases  t h e  t a s k  was g iven  to  th e  next  s u b j e c t .  The 

only  o t h e r  major i r r e g u l a r i t y  (which o c c u r r e d  twice)  came from the  

m isunde rs t and ing  o f  i n s t r u c t i o n s  on th e  p a r t  o f  the  s u b j e c t .  Since  

e v a l u a t i o n  o f  the  t e s t s  o f  t h e s e  two S ' s  would not  have been meaning

f u l ,  a t  t h e  end o f  the  experiment a f t e r  a l l  o t h e r  s u b j e c t s  had been 

p ro c e s s e d ,  t h e s e  two t a s k s  were r e a s s ig n e d  to  two a d d i t i o n a l  s u b j e c t s .

D i s t r i b u t i o n s  o f  t h e  v a r i a b l e s  in t h e  s tudy  a r e  given  in F igures  

1 through 7, and a p r e l i m i n a ry  c o r r e l a t i o n  m a t r ix  i s  given in Table  1.

The c o r r e l a t i o n  o f  V wi th  C was found to  be 0.466 which i s  s i g 

n i f i c a n t  a t  t h e  .0001 l e v e l .  Thus h y p o th e s i s  3 is  s t r o n g l y  s u p p o r ted .

The c o r r e l a t i o n  o f  V w i th  P was found t o  be 0.093 which i s  not  

s i g n i f i c a n t  even a t  th e  .1 l e v e l .  However, when the  e f f e c t  o f  complex

i t y  i s  removed, the  c o r r e l a t i o n  i s  much improved. The c o r r e l a t i o n  

c o e f f i c i e n t s  and t h e i r  s i g n i f i c a n c e  l e v e l s  a r e  d i sp la y ed  in T ab le  2 

which shows t h a t  hy p o th e s i s  2 is w e l l  s u p p o r te d  fo r  s im ple  concep ts  

and well  su p p o r ted  fo r  complex co n c e p t s .

20
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Less impressive  r e s u l t s  were o b ta in e d  by us ing t - t e s t s  on the  

d i f f e r e n c e s  o f  mean per formances  between high and lôw V in each o f  

th e  f o u r  t a s k s .  Table 3 d i s p l a y s  t h e s e  r e s u l t s .  I t  is  the  a u t h o r ' s  

o p in io n  t h a t  a reasonab le  in c r e a s e  in sample s i z e  would y i e l d  s i g n i f 

i c a n t  d i f f e r e n c e s  fo r  t h e s e  mean performances ex ce p t  f o r  s imple  geo

m e t r i c  t a s k s  where v i sua l  l i n k s  might  p reven t  s i g n i f i c a n c e  even 

though the  sample s i z e  were very  l a rg e .

In t h e  s tepw ise  r e g r e s s i o n ,  a f t e r  complex ity was p a r t i a l e d  o u t ,  

t h e  p a r t i a l  c o r r e l a t i o n  o f  V wi th  P was found to  be 0 .37 ,  which is 

s i g n i f i c a n t  a t  p <  .0001.  Fur thermore ,  V was the  second v a r i a b l e  to  

e n t e r  th e  p r e d i c t i n g  eq u a t io n  — ag a in  adding s uppor t  to  h y p o th e s i s  2.

Frequency
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'̂ ÆTTXttta

Fig .  1
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TABLE I

CORRELATION MATRIX — ALL VARIABLES

P C T
s tu d y
time

t e s t
t ime

y r s . 
math

ave .
math
grade

age sex

V .093 .466 - .0 1 2 .072 .236 .036 .032 -.092 .090

p - .431 - .0 6 7 - .  266 - .2 8 7 .184 .139 -.089 .127

c .000 .346 .526 - . 1 1 4 .040 - .094 .100

T - .4 7 3 - .1 2 6 .103 -.071 - . 0 4 7 - .1 0 0

s tu d y  t ime .341 - .0 2 4 - .039 .014 -.109

t e s t  t ime - .0 1 2 .050 - . 1 0 0 .007

y e a r s  o f  math .221 - .221 -.103

av e .  math g rade -.262 .357

age - .1 6 5

N>vn
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TABLE 2 

CORRELATION OF V WITH P

t a s k c o r r e l a t i o n s i g n i f i c a n c e

s imple .35 p < .001

comp1 ex .38 p < .001

TABLE 3

DIFFERENCES BETWEEN P MEANS FOR HIGH AND LOW V

P means and sample s i z e

t a s k low V n high V n d i f f e r e n c e s i g n i f i c a n c e

simple a l g e b r a i c 8.01 19 8.55 21 0.54 P <  .3

complex a l g e b r a i c 4.38 19 6.91 21 2.53 p < .01

s imple  geom etr ic 7.13 20 7.90 20 0.77 P < .3

complex geom etr ic 5.17 21 6.25 19 1.08 p < .2
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Although î t  was be l ieved  i n i t i a l l y  t h a t  s tudy  time and t e s t  time would 

have to  be used as c o v a r i a t e s  to  ge t  s i g n i f i c a n t  c o r r e l a t i o n  o f  V with  

P, the  e f f e c t  o f  the se  v a r i a b l e s  was reduced s u f f i c i e n t l y  when complex

i t y  e n te red  the equa t ion  t h a t  V accounted f o r  more o f  the  remaining 

v a r i a n c e  o f  P than they d id .

Hypothesis  1 f a i l s  to  hold f o r  the simple  geometr ic  t a s k  s in c e  

t h e r e  were seven teen  cho ices  o f  "a "  (by S on shee t  2 ) ,  f o u r t e e n  o f .  

which were fo r  the  s imple  geom etr ic  t a s k .  However, i f  the  s imple  geo

m e t r ic  t a s k  is  om i t ted  from the  s tu d y ,  th e  t h e o r e t i c a l  model would be 

f i v e  cho ices  o f  "a"  and one hundred and f i f t e e n  cho ices  o f  "b"  o r  " c . "  

S ince  the experimental  f r e q u e n c i e s  were t h r e e  and one hundred and 

s even teen ,  the f i t  is e x c e l l e n t .  The v a lu e  o f  chi square  is  .83 which 

is  s i g n i f i c a n t  a t  p >  . 6 ,  bu t  the  f i t  is even b e t t e r  than t h i s  i n d i 

c a t e s  s in ce  the  da ta  is  a c t u a l l y  a b e t t e r  approximat ion to  the  t r u e  

t h e o r e t i c a l  hypo thes i s  than the model.



CHAPTER IV

CONCLUSIONS AND DISCUSSION 

If  the  grad ing  scheme used In the  s tudy is  assumed to  be a v a l i d  

measure o f  concept  a c q u i s i t i o n ,  then i t  is  r e a s o n a b le  to conclude s t ro n g  

suppor t  f o r  a l l  t h r e e  hypotheses  w i th  the  e x ce p t io n  t h a t  hypo thes i s  1 

f a i l s  f o r  s imple  geom etr ic  co n c e p t s .  This  p a r t i a l  f a i l u r e  of  hypo the s i s  

1 was no t  unexpected s i n c e  t h i s  would be a natura l ,  p l a c e  fo r  " v i s u a l "  

cha ins  to  occur .  I t  was noted by the  au th o r  du r ing  th e  exper imen t t h a t  

many o f  th e  s u b je c t s  w i th  t h e  s imple  geomet ric  t a s k  would i n d i c a t e  

comple t ion  o f  s tudy  in l e s s  than ten  seconds ,  and most o f  t h e se  S ' s  

a l s o  i n d i c a t e d  t h a t  they had no words in t h e i r  thoughts  as  they s t u d i e d .  

In f a c t ,  t h i r t e e n  o f  th e  s even te en  such i n d i c a t i o n s  on the  geometr ic  

t a s k  te rm ina ted  t h e i r  s tu d y  time in eleven  seconds o r  l e s s ,  th e  average  

study  t ime fo r  those  S ' s  i n d i c a t i n g  no words being  n in e  seconds .  The 

average  s tudy  time f o r  th e  o t h e r  S ' s  on the s imple  geometr ic  t a s k  was 

twenty seconds.  This  lends  c redence  to  the  t h e o r e t i c a l  e x p la n a t io n  o f  

v i s u a l  cha ins  — a photographic type  o f  a c q u i s i t i o n .  Thus the  e x p e r 

imental r e s u l t s  do not .  g iv e  reason to  doubt the  S-R the o ry .

I t  i s  the  c o n c lu s io n  o f  the  au tho r  t h a t  the  s tudy  g ives  s t r o n g  

suppor t  to  S-R th eory  o f  human le a rn in g  as embodied In the h i e ra r c h y  of  

l e a rn in g  types sugges ted  by Gagne. Although wide g e n e r a l i z a t i o n  o f  the 

r e s u l t s  i s  not recommended, i t  is f e l t  t h a t  the  r e s u l t s  could be a p p l i 

cab l e  to  c o l l e g e  freshmen in the  United S t a t e s ,  The courses  from which

28
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the  s u b j e c t s  were taken a r e  s e r v i c e  cou r se s  c o n t a in in g  s t u d e n t s  r e a 

sonably r e p r e s e n t a t i v e  o f  the  u n i v e r s i t y  p o p u la t io n .  F u r th e r n o r e ,  

o f  the  seven teen  c l a s s e s  used,  approx im ate ly  f i f t y  p e r c e n t  o f  each 

p a r t i c i p a t e d  in t h e  s tu dy ,  and the  p a r t i c i p a t i n g  s t u d e n t s  w ere  not  

given any p r e f e r e n t i a l  t r ea tm e n t  in c l a s s .

No causal r e l a t i o n s h i p  can be i n f e r r e d  from the s tudy  r e s u l t s .  

However, the  fo l low ing  a p p l i c a t i o n s  to  th e  classroom s i t u a t i o n  ( in 

volv ing  the  le a rn in g  o f  a l g e b r a i c  or  geom etr ic  concep ts )  a r e  b e l i e v e d  

t o  be a p p r o p r i a t e .

1. In th e  t e ach ing  o f  a l g e b r a i c  and geom etr ic  co n ce p ts ,  a t e a c h e r

should take  c a r e  to  help the s tu d e n t  b u i ld  and use an a d e q u a te  

vocabu la ry ,  s i n c e  in the  s tudy  i t  was the  use o f  known v e rb a l  

cha in s  t h a t  c o r r e l a t e d  p o s i t i v e l y  w i th  performance .

2.  The common phenomenon o f  a s tu d e n t  "knowing the  concep t"  b u t  not  

being a b l e  t o  ex p la in  i t  in words (u s u a l ly  accompanied by a d e s i r e  

on the  s t u d e n t ' s  p a r t  to  d i s c o n t i n u e  s tudy  o f  the c o n ce p t )  could

be taken  as a s ign  t h a t  the  s t u d e n t  needs more s tudy  o f  t h e  concept

I f  he i s  to  use i t  in subsequent  work.

3. S tuden ts  who a c t u a l l y  a c q u i r e  an adequa te  vocabula ry  w i l l  be ab l e

to  p ro g re s s  a t  a f a s t e r  r a t e  than those  who do n o t ,  s i n c e  a s tu d e n t  

who a c q u i r e s  an adequa te  vocabula ry  w i l l  be a b l e  to  l e a r n  concepts  

o f  a g r e a t e r  complexity ,  g iv ing  him a more rap id  r a t e  o f  v e r t i c a l  

t r a n s f e r .

The above sugges ted  a p p l i c a t i o n s  comprise a meager c o n t r i b u t i o n  

to the  s o l u t i o n s  o f  problems which e x i s t  - -  problems w i th  which educa

t o r s  and t e a c h e r s  a r e  surrounded d a i l y ,  and f o r  which,  f a r  too  o f t e n ,  

a "common sense"  s o l u t i o n  is used w i th o u t  q u e s t i o n .  The d e a r t h  o f  our
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knowledge o f  th e  l e a rn in g  phenomenon in the  human organism should  warn 

us t h a t  common sense  might have l i t t l e  o r  no v a lu e .  Much more r e s ea rch  

i s  needed.

The r e s u l t s  o f  t h i s  s tudy  inc lude  i m p l i c i t l y  in fo rm at ion  about  

g e n e r a l i z a t i o n ,  an a rea  s tu d i e d  by Hendrix (9) ,  whose c o n c lu s io n s  do 

no t  a g ree  w i th  what one might e x p ec t  i f  the  p r e s e n t  work i s  acc e p te d .  

This  d o e s n ' t  c o n s t i t u t e  a c o n t r a d i c t i o n  — i t  r e f l e c t s  w ide ly  s ep a ra ted  

app ro ac h es ,  d i f f e r e n t  exper imenta l  c o n d i t i o n s ,  and d i f f e r e n t  samples of  

th e  p o p u l a t i o n .  Her concern (not  u n l i k e  many o t h e r  r e s e a r c h e r s )  was 

w i th  o v e r t  v e rb a l  behav ior  r a t h e r  than the  verbal  c o n te n t  o f  S ' s  neural  

p r o c e s s e s  d u r in g  s tudy .  The exper imenta l  procedure  used by Hendrix was 

n o t  designed  t o  d i sco v e r  c o v e r t  ve rba l  a c t i v i t y .  The c e n t r a l  c o n s i d e r 

a t i o n  was te a c h in g  method.

Lack o f  s u b j e c t s  p reven ted  the  a u th o r  from inc lud ing  in t h i s  

s tudy  a v a r i a b l e  supply  o f  ve rba l  m e d ia to r s .  Kulhavy's  r e s e a r c h  (19) 

i n d i c a t e d  t h a t  supp ly ing  verba l  m ed ia to rs  d id  not  help  c o l l e g e  s tu d e n t s  

in p a i r e d - a s s o c i a t e  l e a r n i n g .  Whereas,  Lane ( l4)  found d i f f e r e n t l y  f o r  

f i r s t  g r a d e r s ,  as  did  Wanbold (22) ,  f o r  educable  menta l ly  r e t a r d e d  

c h i l d r e n .  Wanbold concluded both  inc re ased  t r a n s f e r  and r e t e n t i o n  were 

o b t a in e d  by supp ly ing  verba l  m e d ia t i o n .  Again,  as  w ith  most  s t u d i e s ,  

p a i r e d - a s s o c i a t e  l e a rn in g  was being cons ide re d .  E a r l y ' s  s tu d y  (3) on 

s o lv in g  v e rb a l  a r i t h m e t i c  problems t r e a t e d  s i x t h  grade s u b j e c t s  and 

compared per formance o f  the same s u b j e c t  on p a i r s  o f  problems — one 

problem in each  p a i r  having a "word c lu e "  and th e  o t h e r  hav ing  no c lu e .  

B e t t e r  performance  was noted  on problems having a word c l u e  - -  e s p e 

c i a l l y  f o r  "low p e r fo rm e rs . "
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N elson ' s  r e s u l t s  ( l6 )  seem to be a t  v a r i a n c e  w i th  the  p r e s e n t  

s tudy .  (Nelson 's  d i s s e r t a t i o n  in d i c a te d  t h a t  verba l  a b i l i t y  a lo n e  did  

not s i g n i f i c a n t l y  in c re a s e  per formance .)  He worked w i th  s u b j e c t s  o f  a 

s i m i l a r  age group on the  l e a r n in g  of  a mathematical concep t .  The 

apparent c o n t r a d i c t i o n  comes from the assumption t h a t  "ve rba l  a b i l i t y "  

would be p o s i t i v e l y  c o r r e l a t e d  w i th  V ( the  number o f  a p p r o p r i a t e  words 

S r e p o r te d  to  be " in  h i s  t h o u g h t s " ) .  This  assumption may, o f  course ,  

no t  be r e a l i s t i c ,  but  even i f  i t  were,  p o s i t i v e  c o r r e l a t i o n  o f  both 

verba l  a b i l i t y  and concep t  a c q u i s i t i o n  w i th  V does no t  imply p o s i t i v e  

c o r r e l a t i o n  o f  verbal  a b i l i t y  w i th  concept  a c q u i s i t i o n .

The work done by Bartky ( l )  d i f f e r e d  from the  p r e s e n t  s tudy in 

t h a t  i t  t r e a t e d  seven- to  e l e v e n - y e a r - o l d  s u b j e c t s  and was concerned 

wi th  t h r e e  d i f f e r e n t  approaches  to  teach ing  problem s o l v in g .  Of cen

t r a l  i n t e r e s t  was the r e l a t i o n  between m ed ia t iona l  i n s t r u c t i o n  and age.  

Houston (10) taught m ed ia to rs  f o r  p a i r e d - a s s o c i a t e  l e a rn in g  to  f in d  

the  r e l a t i o n  o f  verba l  cha in  s i z e  to per formance.  His s tudy was on 

the  same t h e o r e t i c a l  leve l  o f  th e  p r e s e n t  one and in d i c a te d  compat ib le  

r e s u l t s .

Another a rea  not inc luded  in the scope o f  the  work a t  hand is 

r e t e n t i o n .  As p r e v io u s ly  mentioned,  Wanbold's r e s u l t s  (22) ind ica ted  

t h a t  supp ly ing  verbal  m e d ia to rs  to educable m en ta l ly  r e t a rd e d  c h i ld r e n  

f a c i l i t a t e d  r e t e n t i o n  o f  p a i r e d - a s s o c i a t e  l e a rn in g  t a s k s .  Kulhavy (13) 

found no i-nerease in r e t e n t i o n  upon supply ing  media to rs  to  high school 

j u n i o r s  and s e n i o r s .  Kiess (12) requ i red  S to  r e p o r t  v e r b a l l y  any 

" n a t u r a l  language m ed ia t ion"  he exper ienced  — the  r e p o r t  being made 

dur ing  exposure to a s t im u lu s  i tem. Exposure time was a v a r i a b l e  

( 2, 3, o r  4 seconds).  S hor t  te rm memory c o r r e l a t e d  p o s i t i v e l y  with  the
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number o f  m e d ia to r s .  P a iv io  (18:357) c i t e s  research  on "imaginai  and 

verbal  m ed ia to r s "  in p a i r e d - a s s o c i a t e  l e a r n i n g .  He in d i c a t e s  d e f i n i t e  

support  f o r  in c re ased  r e t e n t i o n  from media t ion  — e s p e c i a l l y  imaginai 

med ia t ion .  The e f f e c t  o f  p o s s i b l e  c o v e r t  ve rba l  a c t i v i t y  upon r e t e n 

t i o n  o f  le a rned  mathematical  concepts  in c o l l e g e  s tu d en t s  is  open to  

r e s ea rch .



APPENDIX A

The ve rba l  s c o re  (V) Is an a t tem p t  to  q u a n t i f y  the  degree  to 

which verba l  a c t i v i t y  is  p r e s e n t  in S ' s  neural  p rocesses  d u r in g  the  

t ime S is  s tudy ing  the  concep t .  I t  was de f ined  in t h i s  s tudy  as 

th e  number o f  a p p r o p r i a t e  words S l i s t e d  as having been " i n  h i s  

though t s"  as  he s t u d i e d .  Only words t h a t  could reasonab ly  be c o n s id 

e red  to  be r e l a t e d  to  the concep t .w ere  counted .  Because o f  t h e  sub

j e c t i v e  n a t u r e  o f  the  d e c i s i o n  about  the  " a p p r o p r i a t e n e s s "  o f  words,  

the  word l i s t  given by each S was examined by t h r e e  Judges .  Each 

judge  decided  independent ly  on a "word c o u n t , "  and the  t h r e e  counts  

were averaged  f o r  each S. The sco re s  v a r i e d  from 0 .00  to  10.0  w i th  

a d i s t r i b u t i o n  shown in F igure  1 (page 21).

During the  p i l o t  s t u d i e s ,  the  fo l low ing  g u id l in e s  were e s t a b 

l i s h e d ,  by t h e  a u t h o r ,  f o r  a c c e p t in g  o r  r e j e c t i n g  words from S ' s  l i s t :

1. A word i s  counted i f  i t  i s  d e s c r i p t i v e  o f  some p a r t  o f  t h e  p a r t i c 

u l a r  concep t .

2.  A word i s  r e j e c t e d  i f  i t  i s  d e s c r i p t i v e  only  in a genera l  way.

The words r e la t io n , sequence, p a tte rn ,  and geom e t r ic  would f a l l  

in to  t h i s  c l a s s i f i c a t i o n ,

3. A word is  counted only  once even though i t  is  used s e v e ra l  t imes 

by S.

4. A ph ra se  which a c t s  as  a u n i t  o f  speech may be counted as  a word 

— e . g . ,  the next number would be counted as one word whereas the 

word number appear ing  by i t s e l f  would be r e j e c t e d  by g u i d e l i n e  2.
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5. For geom etr ic  t a s k s ,  l e t t e r s  o r  numbers a r e  to  be accep ted  i f  some 

p a r t  o f  th e  f i g u r e  resembles them.

6. For an a l g e b r a i c  t a s k ,  numbers which a r e  d e s c r i p t i v e  o f  th e  sequence 

p a t t e r n  a r e  to  be a c c e p te d ,  bu t  th e  numbers in one o f  th e  example 

sequences  a r e  not  ( e . g . ,  in th e  s im ple  a l g e b r a i c  t a s k ,  the  p a t t e r n  

i s  X ,  2x, 2x+1, 2 (2x+ l ) ,  2 (2x+ l )+2 .  The numbers "1" and "2"  would 

be c oun ted ,  but  the  numbers in a l i s t i n g  "2 ,  4,  5, 10, 12" o f  the  

f i r s t  example would no t  b e . c o u n te d ) .

Given below a r e  two r e p r e s e n t a t i v e  examples from each o f  t h e  four

t a s k s .

S u b je c t s  number 4 and 16 were a s s ig n e d  the simple a l g e b r a i c  t a s k .  

T h e i r  word l i s t s  appeared as f o l l o w s :

S number 4

h a l f ,  t h e ,  number 
tw ice ,
one number ahead .

S number 16

m u l t ip ly  
a d d i t i o n  

numbers o f  two 
o rd e r

All judge s  gave t h r e e  p o in t s  to S number 4.  S number 16 was g iven  two 

p o i n t s  by one judge  and t h r e e  p o i n t s  by th e  o t h e r  two ju d g e s .

A lg e b ra i c  complex ta sks  were a s s i g n e d  to  s u b je c t s  2 and 14. T he i r  

word l i s t s  read as fo l low s :

S number 2

tw ic e ,  tw ic e - p l u s - o n e  
th r e e - t i m e s ,
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S number

double 
add 3
double and add 1 
s u b t r a c t  10 
t r i p l e  
add 1

S number 2 was given fou r  p o in t s  by one judge  and f i v e  p o i n t s  by the 

o t h e r  two. All t h r e e  ju dges  agreed  on seven p o in t s  f o r  S number 14.

S u b je c t s  number 1 and 31 were a s s ig n ed  the  geo m e t r ic  s imple t a s k .  

Fol lowing is  a rep ro d u c t io n  o f  t h e i r  l i s t s :

S number 1

square  
c e n t e r  
i  Length

S number 31

zee
t r i a n g l e
vee
backward "L"

All judge s  gave fou r  p o i n t s  to  S number 1. S number 31 rece ived  four  

p o i n t s  from two o f  the  judges  and f i v e  p o i n t s  from t h e  remaining ju d g e .

Geometric  complex ta sks  were a s s ig n ed  to s u b j e c t s  5 and 8. T he i r  

word l i s t s  appeared  as fo l low s :

S number 5

down
a c ro s s
box
t r i a n g l e
do t

S number 8

r i g h t  an g le  
dot
s t r a i g h t  l i n e
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All Judges agreed  on f i v e  p o in t s  f o r  S number 5. One judge  gave S num

ber 8 f i v e  p o i n t s  and the  o t h e r  two Judges gave th r e e  p o i n t s .

All  bu t  ten  o f  the s c o re s  l e s s  than one came from the s imple  

geometric  concep t  where i t  i s  f e l t  t h a t  v i s u a l  media t ion  may have been 

o c c u r r i n g .  I f  the  s imple geom etr ic  s co res  a r e  not  c o n s id e r e d ,  the 

d i s t r i b u t i o n  is  approx im ate ly  normal in appearance ,  skewed s l i g h t l y  to 

the r i g h t .

The r e l i a b i l i t y  f o r  the  word count  is given in t a b l e  4. The 

t a b l e  c o n t a in s  s imple  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  each o f  the  th r e e  

Judges w i th  the  average .

TABLE 4 

RELIABILITY OF WORD COUNT

Judge 2 Judge 3 Average

Judge 1 .962 .946 .985

Judge 2 .957 .988

Judge 3 .982

The a u t h o r  a c t ed  as Judge 2. Judge 1 was the  a u t h o r ' s  w i f e ,  a 

pharmacy s t u d e n t  a t  The U n iv e r s i t y  o f  Oklahoma who helped in the  

p ro c e s s in g  o f  p i l o t  s tudy  da ta  and the  developement o f  the  exper imenta l  

des ign .  Judge 3 was Mona Sue C o r b i t t ,  a medical s t u d e n t  a t  The Univer

s i t y  o f  Oklahoma Medical C en te r .  These Judges were a l s o  the  g raders  of  

the geom etr ic  t a s k s .
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The requirements  f o r  a concept  to be used in the  l e a rn in g  ta sks  

were the  fo l low ing :

1. The concept  must be unknown to  S.

2.  I t  must be mathematica l .

3. I t  must be p r e s e n t a b l e  n o n v e rb a l ly .

4. The d i f f i c u l t y  leve l  must be so chosen t h a t  v a r i a b i l i t y  in p e r 

formance w i l l  be s u f f i c i e n t  to  al low s t a t i s t i c a l  p r o c e s s in g .

5. I t  must be s u f f i c i e n t l y  easy t h a t  S w i l l  b e l i e v e  he has a t t a i n e d  

th e  concept  a f t e r  l e s s  than ten  minutes s tudy .

6.  I t  must be such t h a t  S ' s  a t t a in m e n t  is measurable .

To s a t i s f y  c o n d i t i o n  one i t  was necessary  to  choose e i t h e r  known 

concepts  beyond S ' s  p a s t  e x p e r i e n c e ,  o r  nonsense concepts  — concepts  

c o n s i s t i n g  o f  s imple  combinations  o f  concepts  well known to S - -  com

b i n a t i o n s  t h a t  S would not  have encountered  b e fo re .  Having no way to 

o b t a in  a sample o f  S ' s  to  s a t i s f y  adequa te  s i m i l a r i t y  of  p a s t  e x p e r i 

ence ,  i t  was decided  t h a t  nonsense combinations o f  concepts  should be 

c o n s t r u c t e d .

Condit ion  two was s a t i s f i e d  by choosing concepts  t h a t  c o n s i s t e d  

o f  number sequences ( a lg e b r a i c )  and geometr ic  f i g u r e s  (g eo m e t r ic ) .

Condit ion  t h r e e  was met by p r e s e n t in g  S w i th  nonverbal  examples, 

and r e q u i r i n g  s i l e n c e  w hile  S was s tudy ing .

Condit ions  four  and f i v e  proved to  be the most d i f f i c u l t  to  

s a t i s f y .  Along with  the  problem o f  s a t i s f y i n g  th e se  c o n d i t i o n s  came

37
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th e  n e c e s s i t y  o f  p ro p e r ly  s e p a r a t i n g  the  d i f f i c u l t y  o f  " s im ple"  

concepts  and "complex" conce p ts .  S a t i s f y i n g  th e se  c o n d i t io n s  was 

accomplished dur ing s e v e r a l  p i l o t  p r o j e c t s .

The r e s u l t s  o f  s a t i s f y i n g  c o n d i t i o n  s i x . a r e  shown In Appendix C 

w i th  the t a sks  used in the  s tudy .



APPENDIX C

Task 1; s imple  a l g e b r a i c

The s u b j e c t  was given a s tudy  s h e e t  which was b lank  excep t  f o r  

the  examples shown in Figure 8.

( 2 , 4 , 5 , 10 , 12 )

( 5 , 10 , 11 , 22 , 24 )

( 9 . 18 , 19 , 38 , 40 )

{ 12 . 24 , 25 , 50 , 52 )

F ig .  8

He was asked to study  the examples ( s i l e n t l y )  u n t i l  he knew the  

common " p a t t e r n . "  The t e s t  given a few minutes l a t e r  c o n s i s t e d  o f  

ask ing  S to  comple te the  fo l lowing  two sequences  in the  same p a t t e r n  as 

the  one in the  examples he s t u d i e d :

( 3 , , , , )

( 4 , , , . )

He was given a l l  the time he needed,  both f o r  s tudy  and f o r  the t e s t .

P i l o t  s t u d i e s  in d i c a te d  t h a t  s im ple  r ig h t -o r -w ro n g  s co r in g  

techniques  would not  g ive  rea sonab le  measures o f  concep t  a c q u i s i t i o n .  

T he re fo re ,  a scheme involv ing "approx im ate  answers" was developed.

The g rad ing  scheme is given  in Tab le 5. The f i r s t  column l i s t s  the  

four  r e l a t i o n s  in the p a t t e r n  as they  occu r  from l e f t  to  r i g h t .  The 

second and t h i r d  columns g ive  the s c o re  f o r  c o r r e c t  and approximate

3 9
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answers r e s p e c t i v e l y .  The f o u r t h  column d e f in e s  "app ro x im a te . "  S 

a l s o  ea rned  1.25 p o i n t s  i f  he i d e n t i f i e d  an exac t  r e l a t i o n  but  i t  was 

one p o s i t i o n  ou t  o f  o r d e r  — e . g . ,  in the response " (  2,  4,  5,  7,  14 )"  

th e  r e l a t i o n s  a r e ,  from l e f t  to  r i g h t ,  double ,  plus one, p lus two, and 

double. The s u b j e c t  would be given  2 .5  p o in t s  f o r  each o f  the  f i r s t  

two r e l a t i o n s  and 1.25 fo r .  each o f  the  l a s t  two r e l a t i o n s ,  the  l a s t  two 

each being  exac t  r e l a t i o n s  d i s p l a c e d  one p o s i t i o n .

Each o f  the two t e s t  sequences  was graded by the  above scheme and 

th e  s c o r e s  were then ave raged  to  g e t  S ' s  performance s co re  ( P ) .

TABLE 5

GRADING SCHEME FOR SIMPLE ALGEBRAIC TASK

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

s c o r e  fo r  
approx .  ans .

v a r i a t i o n  al lowed  
fo r  approx.  an s .

double 2 .5 1.25 plus  o r  minus one

p lu s  1 2 .5 1.25 plus  one

double 2 .5 1.25 p lus  o r  minus two

p lu s  2 2 .5 1.25 plus  o r  minus one

Task 2; complex a l g e b r a i c

The s u b j e c t  was g iven  a s tudy  s h e e t  on which were w r i t t e n  on ly  the  

examples in F igure  9. He was asked  to  s tudy the  s h e e t  s i l e n t l y  u n t i l  

he knew th e  common p a t t e r n .

{ 2 , 4 , 7 , 15 , 5 , 15 , 16 )

( 5 , 10 . 13 . 27 , 17 , 51 , 52 )

( 9 , 18 , 21 , 43 , 33 , 99 , 100 )

( 12 , 24 , 27 , 55 , 45 , 135 , 136 )

F i g .  9
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The t e s t  given a few minutes l a t e r  c o n s i s t e d  of  ask ing  S to 

complete the  fo l lowing  two sequences in the  same p a t t e r n  as the one 

in the  examples he s t u d i e d :

( 3 » > > > I > )

( 4 , , * » » » )

S was given a l l  the time he needed,  both fo r  s tudy  and fo r  the  t e s t .

The g rad ing  scheme is  s i m i l a r  to  t h a t  used fo r  the  simple 

a l g e b r a i c  t a sk .  The p o in t  v a lu e s  a r e  given in Table 6.

TABLE 6

GRADING SCHEME FOR COMPLEX ALGEBRAIC TASK

r e l a t i o n
s co re  fo r  
c o r r e c t  a n s .

sco re  f o r  
approx.  ans .

v a r i a t i o n  al lowed 
f o r  approx .  ans.

double 1.67 .83 p lu s  o r  minus one

p lu s  3 1.67 .83 p lu s  o r  minus one

double 
p lus  1 1.67 .83 p lu s  o r  minus two

minus 10 1.67 .83 p lus  or  minus two

t r i p l e 1.67 .83 p lu s  o r  minus f i v e

p lu s  1 1,67 .83 plus  one

Task 3: s imple  geometr ic

The s u b j e c t  was given  a s tudy  sh ee t  on which the  examples in 

F igure  10 were d i s p l a y e d .  He,was asked to  s tudy  the  examples ( s i 

l e n t l y )  u n t i l  he f e l t  t h a t  he could draw the  f i g u r e  "from memory." 

The t e s t  given a few minutes  l a t e r  c o n s i s t e d  o f  a s k in g  S to draw the  

f i g u r e  tw ice .  He was given  a l l  the time he needed,  both  for  s tudy 

and fo r  the t e s t .
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~2

F i g .  10

F i g .  11
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The fo l lowing  grading scheme was used on each of  the two f igu res  

drawn, and the grades were averaged.

A s co re  o f  ten p o in t s  was given I f  on ly  " s l i g h t "  i r r e g u l a r i t i e s  

were p r e s e n t  In the drawing.  Figure 11 I l l u s t r a t e s  the  a u t h o r ' s  

i n t e r p r e t a t i o n  of  " s l i g h t "  i r r e g u l a r i t i e s .  I t  was a t tem pted  he-^e to 

d i s t i n g u i s h  between " l a c k  of  a r t i s t i c  a b i l i t y "  and " l a c k  of  knowledge 

o f  the  c o n c e p t . "

A s co re  o f  n ine  p o in t s  was given i f  the  do t  was p laced  w i th in  the 

shaded reg ion  o f  F igure  12 o r  i f  the  p ro p o r t i o n  was d i s t o r t e d  no more 

than is  i l l u s t r a t e d  in F igure 12.

do t  p laced  w i th in  
the  shaded a rea p ro p o r t i o n

Fig.  12

A s co re  o f  e i g h t  was given i f  both do t  placement  and p ropo r t ion

were in e r r o r  w i th i n  the degree i l l u s t r a t e d  In F igure  12 or  i f  e ith er

d i f f e r e d  from the  t r u e  f i g u r e  in the  degree I l l u s t r a t e d  in F igure  13.

A sco re  o f  seven was given i f  e i t h e r  the dot  o r  p ro p o r t i o n  were

in e r r o r  in the  degree  I l l u s t r a t e d  in F igure  13 and the  o th e r  was in 

e r r o r  no more than is i l l u s t r a t e d  in F igure  12, A s co re  of  s i x  was
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given i f  both dot  and p ro p o r t i o n  d i f f e r e d  from the  t r u e  f i g u r e  in the 

degree i l l u s t r a t e d  in F igure  13.

d o t  p la ced  o u t s i d e  
o f  the c i r c l e p ro p o r t io n

F ig .  13

The above s co re  was reduced by two p o in t s  f o r  a miss ing  do t  and 

fo r  each miss ing  l i n e .  F i n a l l y ,  th e  sco re  was reduced by one p o i n t  fo r  

each "misp laced"  l i n e  and each " e x t r a "  l i n e .  F igure  14 i l l u s t r a t e s  the 

i n t e r p r e t a t i o n  o f  "m isp laced"  and " e x t r a "  l i n e s .

misplaced 1 ines e x t r a  l i n e

F i g .  14
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Although the above grading  scheme could be a p p l i e d  to  almost  a l l  

t e s t  r e s u l t s  in the  s tudy ,  t h e r e  were a few cases  in which the o b ta ined  

grades  seemed u n d e s i r a b l e .  I f  the  p ro ces s  r e s u l t e d  in a n eg a t iv e  

s c o re ,  the  s u b j e c t  was given a s co re  o f  zero ( l a t e r  changed to  0,1 to 

accommodate a computer  program). .  The scheme a l s o  o c c a s i o n a l l y  y i e ld e d  

a s c o re  which seemed low (by an i n t u i t i v e  comparison w i th  o th e r  t e s t  

r e s u l t s ) .  In such cases  the  g rad e r s  were i n s t r u c t e d  to make c o r r e c t i o n s  

s u b j e c t  i ve ly .

Task 4: complex geometr ic

The s u b j e c t  was given a s tudy  s h e e t  which was blank  except  for  

the  four  examples d i sp la y ed  in F igure  15.

F i g .  15
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He was given a l l  the time he n e e d e d , , both fo r  s tudy and fo r  the  t e s t  

which c o n s i s t e d  o f  a sk ing  S to  draw the  f i g u r e  tw ice .  The g rad ing  

scheme was i d e n t i c a l  to t h a t  f o r  t a s k  3* Because o f  the  s u b j e c t i v e  

a s p e c t s  o f  t h i s  scheme th r e e  g r a d e r s  were used.  The g ra d e r s  ac ted  

independen t ly  and the score,  on. each t e s t  was taken  as the  average  o f  

t h e  g r a d e r ' s  s co res  on t h a t  t e s t .  R e l i a b i l i t y  is  shown in Table 7 

where c o r r e l a t i o n  c o e f f i c i e n t s  a p p e a r .  Word count  judges  1, 2,  and 

3 a l s o  ac t e d  as g r a d e r s  1, 2,  and 3 r e s p e c t i v e l y .

TABLE 7

RELIABILITY OF GEOMETRIC TASK GRADING

Grader 2 Grader 3 Average

Grader 1 .939 .918 .975

Grader 2 .930 .977

Grader 3 .975
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A l g e b r a i c  Simple

S h e e t  1

47
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135

A l g e b r a i c  Complex

S h e e t  1



49

Geo metr ic  Simple

S h e e t  1
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Geometric  Complex

S h e e t  1
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C i r c l e  the l e t t e r  o f  t h e  s ta t em en t  which 

is most n e a r ly  t r u e .

As I s t u d i e d  the  examples,  I

a .  d e f i n i t e l y  had no words in my though ts .

b. may have had c e r t a i n  words in my though ts .

c .  d e f i n i t e l y  had c e r t a i n  words in my thoughts

A l l  Tasks

S h e e t  2
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If  you th in k  th e r e  were words in your  thoughts  

which helped you l e a rn  the  concept ,  p l e a s e  

1i s t  them here .

A l l  Tasks

S h e e t  3
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C i r c l e  the  number o r  l e t t e r  which b es t  answers

th e  q u e s t i o n .

c i r c l e  one
1. How many yea rs  o f  math have 0 1 2  3 4

you had s in c e  the  e i g h t h  5 6 7' 8 9

grade?

2.  What was your average  grade? A B C D F

(approximate)

3. What is your age? under 17 17 18 19 20

21 22 23 24 over  24

4

A l l  Tasks

S h e e t  4
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A l g e b r a i c  Simple

T e s t  S he et
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A l g e b r a i c  Complex

T e s t  S h e e t
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Geometr ic

T e s t  S h e e t
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