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THE VALIDITY OF OBJECTP/S TESTING AS A 

PROCESS OP APPRAISING THE ? KINKING ABILITY

• OF STUDENTS IN HIGH SCHOOL BIOLOGY AND PHYSICS

"by: N o rr is  H. G ran t
M ajor P ro fe s s o rs  John. N. Renner

The p rim ary  o b je c t iv e  o f t h i s  s tu d y  v as to  d e te rm in e  i f  a 
s tu d e n t 's  re sp o n se s  on m u lt io le -c h o ic e  item s r e f l e c t  u n d e rs ta n d in g  . 
o f  fo rm al and c o n c re te  co n cep ts  and i f  th a t  u n d e rs ta n d in g  was com
m ensurate  w ith  h i s  l e v e l  o f  m en ta l developm ent. By f in d in g  th e  
r e l a t io n s h ip  among th e  re a so n s  g iv en  f o r  s e le c t in g  a p a r t i c u l a r  
re sp o n s e , th e  l e v e l  o f  co n c ep ts  u sed  in  th e  t e s t  i te m s , and th e  
th in k in g  l e v e l s  o f  th e  s tu d e n ts ,  a d e te rm in a tio n , o f  th o se  co n cep ts  
which cou ld  be u n d e rs to o d  by fo rm al and c o n c re te  o p e ra t io n a l  th in k e r s  
was p o s s ib le .

U t i l i z i n g  P ia g e t ia n - s ty le d  t a s k s ,  th e  o p e ra t io n a l  l e v e l s  
o f  b io lo g y  s tu d e n ts  were found to  be 37^ fo rm al and 63.^ c o n c re te  and 
f o r  th e  p h y s ic s  sam ple , 32^ c o n c re te  and 68^ fo rm a l, A p o s i t iv e  
c o r r e l a t i o n  was found betw een fo rm al and c o n c re te - i te m  t e s t  s c o re s  and 
re a so n s  g iv en  by fo rm al o p e r a t io n a l  s u b je c ts  in  bo th  sam ples. The 
c o r r e l a t i o n  betw een c o n c re te - i te m  t e s t  s c o re s  and re a so n s  g iv en  by 
c o n c re te  o p e ra t io n a l  s tu d e n ts  was found to  be p o s i t iv e  f o r  each  sam ple. 
No c o r r e la t io n  was found betw een fo rra a l- ite m  t e s t  s c o re s  and re a so n s  
g iv e n  by c o n c re te  o p e ra t io n a l  b io lo g y  and p h y s ic s  s u b je c ts .

O b je c tiv e  t e s t s  p ro v id e  a  v a l id  m easure o f u n d e rs ta n d in g  
fo rm al and c o n c re te  co n cep ts  on ly  when th e  o p e ra t io n a l  le v e l  o f  each  
s tu d e n t  i s  known. S tu d e n ts  who can s u b s ta n t ia te  t h e i r  re sp o n se s  on 
fo rm al and c o n c re te -c o n c e p t item s a re  ope-^ating a t  th e  fo rm al l e v e l .  
These th in k e r s  have th e  a b i l i t y  to  develop  an u n d e rs ta n d in g  o f  fo rm al 
and c o n c re te  c o n c e p ts . O b je c tiv e  t e s t  s c o re s  o f c o n c re te  o p e ra t io n a l  
th in k e r s  do n o t r e f l e c t  u n d e rs ta n d in g  o f fo rm al co n cep ts  b u t do r e 
f l e c t  u n d e rs ta n d in g  o f  c o n c re te  c o n c e p ts . C oncrete  o p e r a t io n a l  th in k e r s  
do n o t have th e  c a p a c i ty  to  u n d e rs tan d  a b s t r a c t  o r  fo rm al co n cep ts  
bu t do have th e  m en ta l a b i l i t y  to  u n d ers tan d  co n cep ts  developed  th ro u g h  
t h e i r  s e n se s  o r  th o se  co n cep ts  which can be ex p e rien ced  f i r s t  hand.
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CHAPTER I  

INTRODUCTION

Statem ent o f th e  Problem
The o rg in  of t h i s  stu d y  may he found in  th e  re sp o n ses  to

th e  fo llo w in g  l e t t e r  p r in te d  in  th e  Times o f London*
S i r , —Among th e  'odd  one out* type o f q u e s tio n s  which 
ray son had to  answer f o r  a school e n tra n c e  exam was:
'Which i s  th e  odd one out among c r i c k e t ,  f o o tb a l l ,  
b i l l i a r d s ,  and hockey?'
I  s a id  b i l l i a r d s  because i t  i s  th e  only  one p lay ed  
in d o o rs , A co lleag u e  say s  f o o tb a l l  because i t  i s  th e  
only one in  which th e  b a l l  i s  no t s tru c k  by an im plem ent,
A neighbor says c r ic k e t  because in  a l l  o th e r  games th e  
o b je c t i s  to  p u t th e  b a l l  in to  a n e t?  and ray son , w ith  
th e  confidence of n ine summers, plumps fo r  hockey 'b ecau se  
i t  i s  the only  one th a t  i s  a g i r l ' s  game.* Could any o f 
your re a d e rs  p u t me out of my m isery by s ta t i n g  what i s  
th e  c o r re c t  answ er, and f u r th e r  e n lig h te n  me by e x p la in 
in g  how q u e s tio n s  o f  t h i s  s o r t  prove a n y th in g , e s p e c ia l ly  
when th e  s c h o la r  has m erely to  u n d e r lin e  th e  odd one out 
w ithou t g iv in g  any reaso n ?  1

The o b je c tiv e  o f t h i s  study  was to  determ ine i f  resp o n ses  

on o b je c tiv e  t e s t  item s a c c u ra te ly  r e f l e c t  s tu d e n t u n d ers tan d in g  

of form al and co n c re te  o p e ra tio n a l co n cep ts  and i f  th a t  u n d e rs tan d in g  

was commensurate w ith  each s tu d e n t 's  le v e l  of i n t e l l e c t u a l  develop
ment as measured by u t i l i z i n g  P ia g e tia n  te c h n iq u e s .

To accom plish  t h i s  o b je c t iv e ,  each  o f 89 h igh  school b io logy  

and 59 p h y s ic s  s tu d e n ts  was g iven  a m u ltip le -c h o ic e  exam ination  in  h is  
r e s p e c t iv e  su b je c t  a re a .  That exam ination  was composed of item s which 

ev a lu a ted  th e  ex am inee 's  u n d ers tan d in g  o f co n cre te  and form al co n cep ts .

^Banesh Hoffman, The Tyranny of T e s t in g , (New York* C o l l ie r  
Books, 1964) .  p . 17.



In  a d d it io n  to  s e le c t in g  a reso o n se  to  each  q u e s tio n , each s tu d e n t 
was asked to  g iv e  a w r i t te n  re a so n  th a t  would e x p la in  th e  response 

s e le c te d  to  each  item . The s tu d e n t 's  l e v e l  o f m ental developm ent — 

form al o r  c o n c re te  o p e ra t io n a l  — was determ ined  hy a d m in is te r in g  

P ia g e t ia n - s ty le d  t a s k s .

T his s tu d y  was done to  p rov ide  answ ers to  th e  fo llo w in g  

Q u estio n s , ( l )  Was th e re  a r e la t io n s h ip  between th e  c o r r e c t  resp o n se  
s tu d e n ts  gave to  a m u ltip le -c h o ic e  item  and the  re a so n (s )  g iven  f o r  
i t s  ch o ice?  ( 2) What was th e  r e la t io n s h ip  among th e  rea so n s  g iven  
f o r  s e le c t in g  a p a r t i c u l a r  re sp o n se , th e  le v e l  of m u ltip le -c h o ic e  

ite m s , and th e  i n t e l l e c t u a l  le v e l  o f the  s tu d e n t ,  i . e . ,  were c o n c re te  
o p e ra t io n a l  s tu d e n ts  a b le  to  g ive  v a l id  rea so n s  only  to  c o n c re te -  

concept ite m s, w hereas, could  form al o p e ra tio n a l s tu d e n ts  g ive  v a l id  
re a so n s  f o r  bo th  c o n c re te  and form a1-concept item s?

Theory Base f o r  th e  Study

In  th e  p a s t  decade th e re  has been a s h i f t  in  th e  d i r e c t io n  of
2

sc ie n ce  e d u c a tio n  in  secondary  sch o o ls . To cope w ith  th e  a c c e le ra te d  
r a t e  in  which knowledge has accum ulated , sc ien ce  e d u c a to rs  have 

d isco u rag ed  th e  m em orization  o f  f a c t s  and have encouraged s tu d e n t 

in t e r a c t io n  w ith  th e  env ironm ent. The a c q u is i t io n  o f f a c tu a l  knowledge, 

h o p e fu lly , became a b y -p roduct o f  t h i s  a c t io n  and no t e x c lu s iv e ly  th e  

r e s u l t  o f c o n te n t t ra n sm is s io n  by th e  te a c h e r s .

T his new th r u s t  o f sc ie n ce  ed u ca tio n  has c le a r ly  p lac ed  th e  
burden o f le a rn in g  on th e  s tu d e n t by r e q u ir in g  him to  analyze  and 
i n t e r p r e t  d a ta ,  and make g e n e r a l iz a t io n s .  S p e c i f ic a l ly  s tu d e n ts  a re  

expected  to  l e a r n  by in te r a c t in g  w ith a v a r ie ty  o f s i tu a t io n s  and as 
a r e s u l t  o f  th o se  in te r a c t io n s  develop concep ts  and th in k  lo g ic a l ly  

w ith  them. F u rth erm o re , a l l  s tu d e n ts  a re  expected  to  be a b le  to  
p a r t i c ip a te  in  working tow ard th a t  b ro ad , g e n e ra l g o a l.

2
Evidence f o r  t h i s  a s s e r t io n  can be v e r i f i e d  by th e  number 

o f new course m a te r ia ls  and c u r r ic u la r  in n o v a tio n s  p u b lish ed  between 
1959 and 1974 which em phasize th e  in q u iry  approach.



Have a l l  s tu d e n ts  been a b le  to  perform  as e d u c a to rs  w ished?

Even w ith  th o se  c u r r ic u la  reform s t h a t  have n rov ided  s tu d e n ts  w ith  an

o p p o rtu n ity  to  i n t e r a c t  w ith  t h e i r  env ironm ent, e d u c a to rs  have n o t

been t o t a l l y  s a t i s f i e d  w ith  th e  r e s u l t s .  As K ohlberg and G il l ig a n

r e c e n t ly  p o in te d  o u t ,  " . . .  some o f th e  most en lig h te n e d  n ro p o n en ts

o f th e  new c u r r i c u la  became d isco u rag ed  as  th ey  saw only  a sub-group

of th e  h igh  sch o o l p o p u la tio n  engaging  w ith  i t , " ^  T h is  means th a t
a p o r t io n  of th e  s tu d e n ts  a re  n o t p e rfo rm in g  as e d u c a to rs  d e s ire d  and a

reaso n  may be t h a t  th e  th in k in g  le v e ls  o f th e  s tu d e n ts  whose perform ance

was d is a p p o in t in g  were q u i te  d i f f e r e n t  from th a t  sub-group who could

u t i l i z e  th e  approaches found in  th e  new c u r r ic u la  and develop an
u n d e rs ta n d in g  o f th e  co n cep ts  found th e r e .

In  a r e c e n t  s tu d y  Lawson^ i d e n t i f i e d  bo th  co n c re te  and form al

o p e ra t io n a l  th in k e r s  in  h ig h  sch o o l b io lo g y  and p h y s ic s  and a sse ssed
th e  s tu d en ts*  le v e l  o f  m en tal developm ent by u s in g  P ia g e t ia n - s ty le d

t a s k s .  The r e s u l t s  showed th a t  th e  th in k in g  p a t te r n s  o f th e se  s tu d e n ts

d id  in flu e n c e  t h e i r  a b i l i t y  to  develop  u n d e rs ta n d in g  of c e r t a in  concep ts

ta u g h t  in  th e se  two s u b je c ts .

A p o s s ib le  e x p la n a tio n  f o r  Lawson’ s f in d in g  w i l l  be found in

th e  work of J e a n  P ia g e t .^  P ia g e t has shown th a t  some s tu d e n ts  th in k
in  term s o f r e a l i t y  w hile  o th e rs  can ex tend  r e a l i t y  and th in k  in  term s

of u n lim ite d  p o s s i b i l i t i e s .  As he has ex p la in ed  i t i

The a d o le sc e n t d i f f e r s  from th e  c h i ld  above a l l  in  t h a t  
he th in k s  beyond th e  p r e s e n t .  The ad o le sce n t i s  th e  
in d iv id u a l  who commits h im se lf  to  p o s s i b i l i t i e s . . .  In  
o th e r  words th e  a d o le sc e n t i s  th e  in d iv id u a l  who beg ins 
to  b u ild  * systems* o r * th e o r ie s ’ in  th e  l a r g e s t  sen se  
o f  th e  term .

Lawrence K ohlberg and C aro l G i l l ig a n ,  "The A dolescent as  
a  P h ilo so p h e rs  The D iscovery  o f th e  S e lf  in  a P o s tc o n v e n tio n a l 
W orld," Daedl u s . 1971, v o l .  100, p .  1082.

^Anton Lawson, "An I n v e s t ig a t io n  in to  Secondary School 
S c ience C u r r ic u la r  and th e  I n t e l l e c tu a l  Level o f  th e  L e a rn e r ,"
U npublished Ph.D. d i s s e r t a t i o n .  The U n iv e rs ity  of Oklahoma, (1 9 7 3 ), 
p . 64*

^B arbel In h e ld e r  end Jean  P i a r e t .  The Growth o f L o g ica l 
T h in k in g  from Childhood to  A do lescence, (New York: B asic Books, I n c . ,  1958).



The c h i ld  does n o t h u i ld  s y s te m s , . ,  The c h ild  has no 
power o f r e f l e c t i o n ,  i . e . , no se c o n d -o rd e r th o u g h ts  
which d e a l c r i t i c a l l y  w ith  h i s  own th in k in g .”

T h is  c o n c re te  th in k e r  i s  unab le  to  b u ild  th e o r ie s  because h i s  

th o u g h ts  a re  t i e d  to  r e a l i t y ,  and he has to  r e ly  on f i r s t - h a n d  exper

ie n c e s  as a b a s is  f o r  d ev e lo p in g  co n c ep ts . He may, f o r  exam ple, 

u n d e rs tan d  th e  m eaning o f d is ta n c e  and tim e because h i s  id e a  o f  th e se  

co n cep ts  a re  r e a l  to  him. To tak e  th e s e  id e a s  of d is ta n c e  and tim e 

and develop th e  concep t o f  a c c e le r a t io n  a t  t h i s  s ta g e  o f h is  m ental
7

developm ent r e q u ir e s  m ental o p e ra tio n s  which he i s  unab le  t o  perform . 
To develop th e  concept o f  a c c e le r a t io n  t h i s  th in k e r  would no t o n ly  
need to  th in k  about an e v e n t—  th e  r e la t io n s h ip  between d is ta n c e  and 
tim e— bu t a ls o  how t h i s  a c t io n  i s  e f f e c te d  by p e r io d s  o f tim e between 
th e se  e v e n ts . He would have to  superim pose one ev en t on a n o th e r  by 
b u ild in g  a  system  o f p o s s i b i l i t i e s  where r e a l i t y  i s  b u t one a s p e c t .  

S ince t h i s  in d iv id u a l  th in k s  w ith  c o n c re te n e ss  and does no t b u ild  

system s, P ia g e t  has c a l le d  him c o n c re te  o p e ra tio n a l and has d e sc rib e d  

th e  range o f h i s  lo g ic  to  t h a t  which d e a ls  w ith  c l a s s e s ,  r e l a t i o n s ,
g

and numbers. His a b i l i t y  to  perform  m ental o p e ra tio n s  i s  l im ite d  to  

th e  m an ip u la tio n  o f  o b je c ts  and d a ta  th a t  a re  r e a l  and no t v e rb a l ly  

ex p ressed  th e o r ie s .  S ince t h i s  th in k e r  i s  t i e d  to  r e a l i t y  and has 

no power to  th in k  about h i s  th o u g h ts , h is  co n cep tu a l u n d e rs tan d in g  

must come from in t e r a c t io n  w ith  r e a l  th in g s .  In  s h o r t ,  t h i s  th in k e r  
can develop u n d e rs ta n d in g  o f  th o se  co n cep ts  which a r e 'd e f in e d  a s  

co n c re te  c o n c e p ts .
C oncrete co n cep ts  a re  c l a s s i f i e d  as co n cep ts  whose meaning can 

be developed from f i r s t - h a n d  ex p erien ce  w ith  o b je c ts  o r  e v e n ts .  These 
co ncep ts  may a r i s e  th rough  i n t u i t i o n  in  which th e  e n t i r e  meaning o f th e  
concept i s  g iv en  th rough  th e  sen ses  such a s  th e  c o lo r  " b lu e " . C oncrete

^ I b id . .  p .  339-340.
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M ental o p e ra tio n s  a re  i n t e r io r i z e d  r a th e r  th a n  e x te r io r iz e d  
a c t io n s  which can p roceed  in  both  d i r e c t io n s  and n ev er occur in  i s o la t io n .  
I t  i s  a form o f m ental a c t io n  th a t  m o d ifie s  r e a l i t y  th rough  a p ro c e ss  o f  
tra n sfo rm in g  r e a l  th in g s  i n to  a g e n e ra liz e d  s t r u c tu r e .

g
In h e ld e r  and P ia g e t ,  op. c i t . ,  p .  33$.



co n cep ts  may a ls o  a r i s e  by p o s tu la t io n ,  however, i f  so p a r t  o f  th e  

meaning o f th e  concept must be sensed o r im m ediately apprehended. 

Examples a re  common o b je c ts  such as  c h a i r s ,  t a b le s  and o th e r  p e rso n s  

and ev en ts  such as  tim e , d is ta n c e ,  end v a r i a t io n .
The ad o le sc e n t who has th e  power o f r e f l e c t i v e  th o u g h t and can 

th in k  about th e  consequences o f h is  th o u g h ts  P ia g e t has c a l le d  form al 
o p e ra t io n a l .  Formal o p e ra t io n a l  th in k in g  i s  b a s ic a l ly  an e x te n s io n  of 
c o n c re te  o p e ra t io n a l  th in k in g  because i t  i s  th in k in g  which u ses  

r e a l i t y  a s  only  one among many p o s s i b i l i t i e s .  T h is ty o e  o f th in k in g  
which u s u a lly  o ccu rs  in  ad o lescen ce  a f t e r  th e  age o f tw elve o r 
f i f t e e n ^  i s  b e s t  c h a ra c te r iz e d  by what P ia g e t  c a l l s  o ro p o s i t io n a l  lo g ic ,  

P ro o o s i t io n a l  lo g ic  i s  a form o f  lo g ic  th a t  p e rm its  fo rm u la tio n  o f 

th e o r ie s  and p ro v id e s  a means o f  t e s t i n g  them w ithou t r e tu rn in g  to  
c o n c re te  e x p e rim e n ta tio n .

The fo rm al o p e ra t io n a l  th in k e r  has th e  a b i l i t y  to  re a so n  w ith  
a b s t r a c t  id e a s  such a s  a c c e le r a t io n  because from a s t r u c tu r a l  s tan d 

p o in t  he can perform  m ental o p e ra tio n s  th a t  enab le  him to  see  th e  

im p lic a t io n s  o f a v e lo c i ty  change d u rin g  an in te r v a l  o f  tim e . His 
a b i l i t y  to  ex tend  h is  th in k in g  from th e  p re s e n t r e a l i t y  to  th e  realm  

o f  th e  p o s s ib le  th rough  o ro p o s i t io n a l  lo g ic  en ab le s  t h i s  th in k e r  to  
develop  and u n d e rs tan d  what a re  c l a s s i f i e d  a s  form al co n cep ts .

Formal co ncep ts  a re  co n cep ts  whose meaning i s  d e riv ed  th rough  
p o s i t io n  w ith in  a p o s tu l a t o ry -d e d u c tiv e  system , Meaning i s  g iv en  to  
th e se  co n cen ts  n o t th rough  sen ses  b u t th rough  assum ption or th rough  

t h e i r  lo g ic a l  r e la t io n s h ip s  w ith in  th e  system . To f u l l y  comnrehend 
th e  meaning o f a fo rm al concep t cne must be ab le  to  u t i l i z e  fo rm al 

o n e ra tio n s  o r o p e ra te  lo g ic a l ly  in  a h y p o th e tic o -d e d u c tiv e  m anner, 

because a fo rm al concent i s  one the  meaning of which in  whole o r  p a r t

A ccording to  P ia g e t ,  " I n t e l l e c t u a l  s t r u c tu r e s  between b i r t h  
and th e  n e r io d  o f 12-15 y e a rs  grow s lo w ly , bu t acco rd in g  to  s ta g e s  in  
developm ent. The o rd e r  o f su c c e ss io n  o f th e se  s ta g e s  has been shown 
to  be ex trem ely  r e g u la r  and com parable to  th e  s ta g e s  o f an embryo- 
g e n e s is .  The speed o f developm ent, how ever, can v ary  from one in d iv id u a l 
to  a n o th e r ,"  See Jean  P ia g e t ,  " I n t e l l e c t u a l  E v o lu tio n  from A dolescence 
to  A dulthood ,"  Human D evelonm ent, 15* 1-12 (1 9 7 2 ), No, 1,



i s  d e s ig n a te d  by p o s tu lâ te s  o f th e  d ed u c tiv e  th eo ry  in  which i t  o ccu rs .
In  o th e r  words th e  c o n c e p t 's  meaning i s  developed by v i r tu e  o f th e  
p r o p e r t ie s  o r r e l a t io n s  a ss ig n ed  to  i t  by th e  p o s tu la te  o r s e t  o f 

p o s tu la te s  w ith in  which i t  i s  a  member.
Some form al co n cep ts  can be im agined u s in g  co n c re te  m odels.

The s o l id  p a r t i c l e  model o f atoms i s  an examole o f t h i s  tyoe  o f co n cep t.
The l i g h t  model which u t i l i z e s  the p a t te r n  o f  waves on w ater i s  an o th e r  
exam ple. S ince  co n cep ts  such as  th e se  can be modeled u s in g  co n c re te  

o b je c ts ,  e v e n ts ,  o r sym bols, co n c re te  o p e ra tio n a l  in d iv id u a ls  can 

develop  the  a b i l i t y  to  v e rb a l iz e  about such th in g s .  These th in k e rs  

a r e ,  however, d en ied  a f u l l  com prehension o f th e  co n cep ts  u n t i l  

developm ent o f fo rm al o p e ra tio n s  which a llow s c o n s tru c tio n  o f th e  p o s t

u l a t  o ry -d e d u c tiv e  system  w ith in  which th e  concept d e r iv e s  i t s  f u l l  m eaning.
In  e v a lu a t in g  le a r n e r  com prehension of form al concep ts  which 

r e ly  h e a v ily  on co n cre te  m odels, i t  i s  im p era tiv e  to  avoid  an e v a lu a tio n  

based s o le ly  upon com prehension of th e  co n c re te  m odels. T h is  type o f 

e v a lu a tio n  f a i l s  to  t e s t  f o r  u n d e rs tan d in g  of a c o n c e p t 's  im p lic a tio n s .
Because of P ia g e tia n  th e o ry , t h i s  in v e s t ig a to r  b e lie v e s  th a t  

how co n cre te  and form al o p e ra tio n a l  th in k e r s  respond to  o b je c tiv e  t e s t  
item s should  be d i r e c t l y  r e l a t e d  to  t h e i r  a b i l i t y  to  develop u n d e rs tan d in g  
o f  co n cre te  and fo rm al co n cep ts . A ccording to  P ia g e tia n  th e o ry , th e  
s tu d e n ts ' re sp o n se s  to  t e s t  item s th a t  c o n ta in  co n cre te  or fo rm al 
co n cep ts  should  be commensurate w ith  t h e i r  le v e ls  o f m ental develonm ent. 

C oncrete o p e ra t io n a l  s tu d e n ts ,  whose m ental a b i l i t y  I s  l im ite d  to  oper
a t in g  on r e a l  e v e n ts  and o b je c t s ,  should  resnond c o r r e c t ly  on ly  to  

c o n c re te -c o n c e n t t e s t  item s. Formal o p e ra tio n a l th in k e rs  n o sse ss  th e  

m ental a b i l i t i e s  to  m an ipu la te  a b s t r a c t  and co n c re te  d a ta .  They sh o u ld , 

th e r e f o r e ,  respond c o r r e c t ly  to  form al and c o n c re te -c o n ce n t t e s t  item s.

I f  co n c re te  o p e ra tio n a l  th in k e rs  chose th e  c o r re c t  resnonse  to
10a  fo rm al concent ite m , th e  p r o b a b i l i ty  i s  t h a t  th ey  guessed because

There i s  a ls o  the  p o s s i b i l i t y  th a t  th e  th in k e r  has memorized 
a  v e rb a l s te re o ty p e  model o f th e  concept and reco g n ized  some p a r t  o f 
th e  model in  th e  t e s t  item .



th e y  la c k  th e  m ental a b i l i t y  to  develop id e a s  n ecessa ry  f o r  u n d e rs tan d in g  
th e  c o n c e r t .  T h is  would imply th a t  t h e i r  re sp o n se , a lthough  c o r r e c t ,  

does n o t g ive  a v a l id  measure o f  concept u n d e rs ta n d in g , P ia g e tia n  
th e o ry , th e r e f o r e ,  p ro v id e s  a b a s is  f o r  d e te rm in in g  th e  v a l i d i t y  o f 

o b je c tiv e  t e s t s  to  measure u n d e rs tan d in g  o f form al and co n c re te  

co n cep ts ,
A c o r re c t  response  to  a form al o r  co n c re te -c o n cep t t e s t  item  

by form al o p e ra tio n a l s tu d e n ts  should in d ic a te  u n d e rs tan d in g  o f 

th e se  concep ts because th e se  th in k e rs  have th e  m ental a b i l i t y  to  

back up t h e i r  answ er w ith  lo g ic ,

Seed f o r  th e  Study 
U sing P ia g e tia n  tec h n iq u e s  Lawson^^ id e n t i f i e d  co n c re te  and 

form al th in k e rs  in  h igh  school b io lo g y , c h em is try , and p h y s ic s  and 

c l a s s i f i e d  fo rm al and co n c re te  concep ts in  th o se  a re a s ,  %  u s in g  
e s p e c ia l ly  c o n s tru c te d  o b je c tiv e  t e s t s  in  th o se  a re a s  he found th a t  

th e  s tu d e n ts ’ le v e l  o f m ental develonm ent in flu e n c ed  t h e i r  a b i l i t y  to
develon u n d e rs ta n d in g  o f co n c re te  and fo rm al co n cen ts ,

12 I 'iK arplus and K arp lu s , 1970, and K arplus and P e te rso n , 1970,

u s in g  an I s la n d s  P uzzle  and a R a tio  Problem asse ssed  th e  rea so n in g

a b i l i t y  o f a la rg e  p o p u la tio n  o f c h ild re n  and a d u l t s .  These s tu d ie s
re p o r te d  th a t  s u b je c ts  in  g rad es  te n  th rough  tw elve used th e  same

le v e ls  o f  re a so n in g  a s  th o se  co n c re te  and form al o n e ra tio n a l  th in k e rs

id e n t i f i e d  by Lawson in  h is  s tu d y , even though th e  re a so n in g  a b i l i t i e s

were a sse ssed  by e v a lu a tin g  w r i t te n  e x p la n a tio n s  o f s n e c i f ic  answers

to  th e  two problem s.
U t i l i z in g  th e  w r i t te n  e x p la n a tio n s  to  th e  Is la n d s  P u zz le  and

R a tio  Problem  K arp lu s , e t  a l , found th a t  the  m a jo r ity  o f  th e  s u b je c ts

in  g rad es  below e le v e n  d id  no t use form al lo g ic  in  so lv in g  th e  two

^^Lawson, on, c i t . , p .  64,
12R, K arp lus and E, K arp lu s , " I n t e l l e c tu a l  Development Beyond 

E lem entary  School I* D eductive L og ic", School S cience end M athem atics, 
May, 1970» pp , 398- 406,

^^R, K arp lus and R,W, P e te rso n , " I n t e l l e c tu a l  Develonment 
Beyond E lem entary  School II*  R a tio , A S u rv ey ,"  School S cience end Math
e m a tic s , D ec ., 1970, p p , 813- 820.
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prob lem s. These r e s u l t s  would ten d  to  su p p o rt Law son's c la im  th a t  th e  

s tu d e n ts ' le v e l  o f m ental developm ent in flu e n c e d  t h e i r  a b i l i t y  to  

develop u n d e rs ta n d in g  o f c o n c re te  and fo rm al c o n ce p ts . The q u e s tio n  

rem ains as  to  w hether o r  n o t s u b je c ts  re sp o n d in g  to  an o b je c tiv e  t e s t  

a re  ab le  to  g iv e  v a l id  w r i t te n  e x p la n a tio n s  f o r  s e le c t in g  a p a r t i c u la r  

resp o n se  to  c o n c re te  and fo rm al-co n cen t t e s t  ite m s. I f  a fo rm al 

o p e ra tio n a l th in k e r  does u n d e rs tan d  fo rm al co n cep ts  a s  ev id en t l y  

h is  resn o n d in g  c o r r e c t ly  to  a fo rm al-co n cep t t e s t  ite m , th e n  he 

should  be ab le  to  g ive v a l id  e x p la n a tio n s  f o r  s e le c t in g  th e  c o r re c t  
re sp o n se . I f  on th e  o th e r  hand, a s tu d e n t s e le c t s  a c o r re c t  response  
to  a fo rm al-co n cep t t e s t  item  end cannot ad eq u a te ly  e x p la in  h i s  
re sp o n se , th e  p r o b a b i l i ty  was th a t  he was co n c re te  o n e ra t io n a l  and d id  

no t r e a l l y  u n d ers tan d  th e  co n cep t. T h is  would im ply t h a t  th e se  th in k e rs  
who cannot u n d erstan d  form al concep ts  n ro b ab ly  guessed  th e  response  

to  th e  fo rraa l-co n cen t t e s t  item .
T h e re fo re , t h i s  s tu d y  in te n d s  to  show w hether o r  n o t th e  

sco re s  re c e iv e d  from an o b je c tiv e  t e s t  r e f l e c t  u n d e rs ta n d in g  o f form al 

and c o n c re te  concen ts  a s  dem onstra ted  by th e  a b i l i t y  o f s tu d e n ts  to  

g ive  v a l id  w r i t te n  e x p la n a tio n s  f o r  t h e i r  re sp o n se s . I f  th e  c o r r e la t io n  

i s  p o s i t iv e  between t e s t  s c o re s  to  fo rm al-co n cep t t e s t  item s and 

c o r re c t  re a so n s  g iven  by fo rm al o p e ra t io n a l  th in k e r s  and zero  between 

t e s t  s co re s  to  fo rm al-co n cep t t e s t  item s and c o r re c t  re a so n s  g iven  by 

c o n c re te  o p e ra t io n a l  th in k e r s ,  th e n  Law son's f in d in g s  have v a l i d i t y .  

F u rth erm o re , i f  Law son's s tudy  i s  v a l id  th e n  sc o re s  from 

o b je c t iv e  t e s t s  t h a t  a re  made up o f  m ostly  form al o p e ra tio n a l  concept 
t e s t  item s a re  m easuring  th e  s tu d e n ts ' le v e l  of m ental develonm ent 
r a th e r  than  concept u n d e rs ta n d in g . U nless te a c h e rs  know beforehand 
th e  o p e ra tio n a l le v e l  o f  t h e i r  s tu d e n ts ,  t h e i r  i n t e m r e t a t i o n  o f 
o b je c tiv e  t e s t  s c o re s  w i l l  have l i t t l e  v a l i d i t y  in  term s o f w hether 
o r not th e  sc o re s  r e f l e c t  though t and u n d e rs ta n d in g  o f th e  t e s t i n g  
m a te r ia l .  T h e re fo re , t h i s  stu d y  w i l l  em phasize th e  im portance o f 
knowing th e  o p e ra tio n a l  le v e l  o f th e  s tu d e n ts  a s  w e ll a s  th e  le v e l  o f  

co n cep ts  to  be measured b e fo re  te a c h e rs  a ttem p t to  a n p ra isc  s tu d e n ts ' 

u n d e rs tan d in g  o f  th e se  co ncep ts  by u s in g  o b je c tiv e  t e s t a .



The S u b s ta n tiv e  H ypothesis  

Whether o r n o t a s tu d e n t  s e le c te d  th e  c o r re c t  answ ers to  

c o n c re te  and fo rm al t e s t  item s on a m u ltip le -c h o ic e  exam ination  based 

on h i s  u n d e rs ta n d in g  o r  g u e ss in g  can be determ ined by h is  a b i l i t y  to  

g iv e  l o g i c a l ,  w r i t te n  re a so n s  t h a t  e x p la in  h is  answ er. The a b i l i t y  o f 

s tu d e n ts  to  g ive  c o r re c t  re a so n s  f o r  t h e i r  ch o ices  to  th e  t e s t  item s 

depends upon t h e i r  le v e l  o f m ental developm ent and th e  le v e l  o f  th e  
co n cep ts  o f th e  t e s t  ite m s. That i s ,  s tu d e n ts  who a re  fo rm al oper
a t io n a l  th in k e r s  can g ive  c o r r e c t  w r i t te n  rea so n s  to  b o th  fo rm al and 
c o n c re te -c o n c e p t t e s t  i te m s , b u t co n c re te  o p e ra t io n a l  s tu d e n ts  can 

g iv e  c o r r e c t  re a so n s  on ly  to  c o n c re te -c o n c e n t t e s t  ite m s . T h e re fo re , 
o b je c tiv e  t e s t s  a re  no t v a l id  measure o f  u n d e rs ta n d in g  o f fo rm al and 
c o n c re te  co n cen ts  u n le s s  th e  te a c h e r  u n d e rs tan d s  th e  le v e l  a t  which 
th e  le a r n e r  i s  th in k in g . Having th e  s tu d e n ts  s u b s ta n t ia te  t h e i r  re sp o n ses  
w ith  a v a l id  w r i t te n  rea so n  e n ab le s  th e  te a c h e r  to  u n d erstan d  where th e  

s tu d e n ts  a re  o p e ra tin g .

D e lim ita tio n s

T h is  stu d y  was l im ite d  to  h ig h  schoo l s tu d e n ts  e n ro lle d  in  

b io lo g y  and p h y s ic s  a t  one la rg e  h igh  schoo l in  the  Oklahoma C ity  

a re a .  The d u ra t io n  o f th e  s tu d y  was one sem ester a f t e r  th e  s u b je c ts  

were ta u g h t two d e s ig n a te d  to p ics^ '^  i n  t h e i r  r e s p e c t iv e  su b je c t  a re a .

Assum ptions 
The m ajor assum ptions f o r  t h i s  s tu d y  were*

1, Formal and c o n c re te  co n cep ts  can be id e n t i f i e d  from th e  
s u b je c t  c o n te n t ta u g h t d u r in g  th e  d e s ig n a te d  p e rio d  and th e se  concep ts 
can be in c o rp o ra te d  in  a  m u ltip le -c h o ic e  exam ination  f o r  each  su b je c t  

a re a ,
2 , The v a l id a t io n  o f th e  t e s t  item s to  measure fo rm al and co n cre te  

u n d e rs ta n d in g  can be accom plished by h av ing  a p an e l o f  judges r a t e  th e  

t e s t  ite m s .

^ ^ h e  to p ic s  a re  "A d ap ta tio n  and P o p u la tio n s"  f o r  b io lo g y  and 
"M easurements and R e c t i l in e a r  M otion" f o r  p h y s ic s .
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3. The s u b je c ts ' le v e l  o f  i n t e l l e c t u a l  developm ent can  he 

a s se s se d  hy u t i l i z i n g  fo u r  P ia g e t ia n - s ty le d  ta s k s .



CHAPTER I I  

DESIGN AND PROCEDURE OP THE STUDY 

Su~b.ject3

S u b je c ts  t h a t  com prised th e  b io lo g y  and p h y s ic s  sam ples f o r

t h i s  s tu d y  were s e le c te d  from one h igh  school in  th e  Oklahoma C ity  a re a .

T h is  school has an en ro llm en t o f  3,000 s tu d e n ts  and th re e  p h y s ic s  and

15 b io lo g y  s e c t io n s .  S tu d e n ts  a re  com puter-assigned  to  th e  v a r io u s

s e c t io n s  of a co u rse .
In  th e  p h y s ic s  s e c t io n s ,  s tu d e n ts  used P h y s ic s : A Basic S c ience

w ith  la b o ra to ry  a c t i v i t i e s  tak en  from th e  la b o ra to ry  manual developed
2

by th e  P h y s ic a l S cience S tudy Committee. A pproxim ately o n e -h a lf  o f 
th e  b io lo g y  s e c t io n s  used Modern B io logy, and th e  o th e r  s e c t io n s  
used B io lo g ic a l S c ie n c e : An In q u iry  in to  L if e .^  In  bo th  s e c t io n s ,  th e  

la b o ra to ry  e x e rc is e s  were tak en  from th e  la b o ra to ry  m anuals accompanying 
th e  r e s p e c t iv e  te x t-b o o k  used  in  th e  co u rse s .

The approach used  to  te a c h  th e  co u rses  depended uoon th e  
in d iv id u a l  i n s t r u c t o r s ,  b u t from p e rso n a l in te rv ie w s  w ith  each in s t r u c to r ,  

th e  in v e s t ig a to r  concluded th a t  a com bination o f t r a d i t i o n a l  le c tu r e  

and some in q u iry  te c h n iq u e s  were employed. The same in s t r u c to r  

ta u g h t a l l  th re e  p h y s ic s  c l a s s e s ,  bu t f iv e  d i f f e r e n t  in s t r u c to r s  

ta u g h t th e  b io lo g y  c la s s e s .

^Prank Verwiebe and Gordon Van H ooft, P h y s ic s : A B asic 
S c ie n c e , (New York: American Book Company, 1970).

2
P h y s ic a l Science Study Committee, P h y s ic s , Second E d it io n , 

(B oston : D.C. H eath and Company, 19&5).
^James H. O tto  and A lb e rt Towle, Modern B io logy , (New York: 

H o lt, R in eh art and W inston, I n c . ,  1969) .
^ B io lo g ic a l S c ience C urriculum  S tudy , B io lo g ic a l Science* An 

In o u iry  in to  L i f e ,  Yellow V ers io n , (New York: H ereourt B race, 19687.
11



12

The p h y s ic s  sample c o n s is te d  o f 59 s u b je c ts  which com prised 
th e  e n t i r e  p o p u la tio n  e n ro l le d  in  th e  th re e  s e c t io n s .  The b io lo g y  
sample c o n s is te d  o f 89 s u b je c ts  e n ro lle d  in  th re e  d i f f e r e n t  s e c t io n s .

The th re e  s e c t io n s  used were s e le c te d  a t  random^ from th e  15 d i f f e r e n t  

s e c t io n s  th a t  were ta u g h t .  Two o f th e  b io lo g y  s e c t io n s  s e le c te d  used 

Modern Biology and th e  o th e r  used  th e  B io lo g ic a l S cience C urriculum  

Study m a te r ia ls .

MEASURING INSTRUMENTS 

Two m easuring in s tru m e n ts  were used  to  g a th e r  d a ta  f o r  

a s se s s in g  th e  s u b je c ts ' l e v e l  o f  m ental developm ent and p ro v id in g  t e s t  
sc o re s  and re a so n s . They were (a )  th e  P ia g e t ia n - s ty le d  ta s k s  (b )  th e  
su b je c t  m a tte r  ex am in a tio n s,

P ia g e t ia n - s ty le d  Tasks

The fo llo w in g  fo u r  ta s k s  p a t te rn e d  a f t e r  P ia g e t and In h e ld e r* s

work were g iven  to  each s u b je c t  to  determ ine h is  le v e l  o f i n t e l l e c t u a l
developm ent. When d a ta  from th e se  ta s k s  a re  analyzed  u s in g  p r in c ip a l
components a n a ly s is ,  a l l  o f  the ta s k s  c o r r e la te  h ig h ly  w ith  th e  same
com ponent.^ S ince  th e  co n c re te  o p e ra tio n a l  ta s k s  used  by Lawson and

Renner c o r re la te d  h ig h ly  w ith  a d i f f e r e n t  component, th e  co n c lu s io n
7

was drawn th a t  th e  f i r s t  component was form al th o u g h t.
The P ia g e tia n  ta s k s  were ad m in is te red  to  each  su b je c t  and 

th e  re sp o n ses  s o l i c i t e d  in  in d iv id u a l in te rv ie w  conducted by th e  
in v e s t ig a to r .  To in su re  th a t  th e  r e s u l t s  were c o n s is te n t  w ith  p rev io u s  

re se a rc h  where th e se  ta s k s  were u sed , th e  in v e s t ig a to r  fo llow ed th e  same 

tech n iq u es  f o r  s c o r in g  and a d m in is te r in g  th e  ta s k s  a s  th o se  used by
g

Renner end Lawson, The s c o re s  assig n ed  to  th e  v a r io u s  le v e ls  of

^This was accom plished by u s in g  a ta b le  o f random numbers and 
s e le c t in g  th e  t h i r d  d i g i t  from e n t r ie s  in  th e  fo u r th  l in e  and second 
column u n t i l  th re e  d i f f e r e n t  s e c t io n s  numbered from 1 to  15 were chosen. 
S ee, C.R.C, S tandard  M athem atical T a b le s , Chemical Rubber P u b lish in g  
Company, (C lev e lan d , O hio: T w elfth  E d it io n , 1959)» np . 237-243.

^Anton E, Lawson and John W, R enner, "A Q u a n ti ta t iv e  A nalysis  
o f Responses to  P ia g e tia n  Tasks and I t s  Im p lic a tio n s  f o r  Curriculum "* 
S cience E d u ca tio n , V ol. 58» No. 3 . In  P re s s .

^ I b id .

® I b id .
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perform ance on th e  ta s k s  were as  fo llow s#
Level Score D e sc r ip tio n  o f Level

IIA  1 Beginning co n c re te  o p e ra tio n a l

I IB  2 C oncrete o p e ra tio n a l

IIIA  3 B eginning fo rm al o p e ra tio n a l

I I IB  4 Formal o p e ra tio n a l

D e sc r ip tio n  o f th e  P ia g e tia n  Tasks
1 . C o n serv a tio n  o f Volume Using Two I d e n t ic a l ly  Shaped C y lin d ers  

o f D if fe re n t  W eights

In  t h i s  ta s k  th e  s u b je c t  was g iv en  two t e s t  tu b e s  o f  w ater 
f i l l e d  to  th e  same le v e l  and two id e n t ic a l  m etal c y l in d e rs  w ith  obv iously  
d i f f e r e n t  w e ig h ts . The s u b je c t  was asked to  p r e d ic t  how th e  le v e ls  o f  
w ater in  the  two tu b es  would change a f t e r  th e  m etal c y l in d e rs  were 

low ered in  each . I f  th e  s u b je c t  gave th e  c o r re c t  resn o n se  and could 
e x p la in  why, he was r a te d  IIIA  which was th e  maximum le v e l  o f  achievem ent 
f o r  t h i s  ta s k .  The s u b je c t  who p re d ic te d  th a t  one c y lin d e r  (u s u a l ly  th e  

h e a v ie r  one) would r a i s e  th e  le v e l  o f w a te r h ig h e r  th an  th e  o th e r  one, 

bu t could  e x p la in  th e  d isc re p a n c y  a f t e r  s e e in g  th a t  th e  le v e ls  were th e  

same was ra te d  IIB , The s u b je c t  who was unab le  to  e x p la in  h is  in c o r re c t  

response  was r a te d  IIA ,

2, S e p a ra tio n  o f V a ria b le s

The f l e x i b i l i t y  o f a rod  depends upon s e v e ra l  p r o p e r t ie s  in c lu d in g  

th e  m a te r ia l  o f  which i t  was made, i t s  le n g th ,  i t s  th ic k n e s s ,  and i t s  

c r o s s - s e c t io n a l  form .
The s u b je c t  was g iv en  an a p p a ra tu s  c o n s is t in g  o f a s e t  o f s ix  

ro d s  d i f f e r in g  in  com position  ( s t e e l  end b r a s s ) ,  le n g th ,  th ic k n e s s ,  
and c r o s s - s e c t io n a l  form , (ro u n d , sq u a re , and r e c ta n g u la r ) .  Three 

d i f f e r e n t  w eigh ts cou ld  be a tta c h e d  to  th e  ends o f th e  ro d s . The rods 
were a tta c h e d  to  th e  edge o f  a p la tfo rm  in  a  h o r iz o n ta l  p o s i t io n ,  in  

which case  th e  w eigh ts e x e r te d  a fo rc e  p e rp e n d ic u la r  to  th e  p la tfo rm .
The s u b je c t  was asked to  id e n t i f y  th e  v a r ia b le s ,  th e n  s e p a ra te  out 
e x p e rim e n ta lly  th e  r e le v a n t  v a r ia b le s  t h a t  caused one rod  to  bend more 
th an  th e  o th e r s .  To do t h i s  he had to  p la c e  e x p l i c i t  m u l t ip l ic a t iv e  

schemes to g e th e r  ( th in n e r  and lo n g e r ) ,  and to  f i n a l l y  form a h y p o th e tic o -
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d ed u c tiv e  re a so n in g  scheme» With t h i s  scheme he a c t iv e ly  a ttem pted  

to  v e r i f y  and c o r r e c t ly  de term ined  which rod  would he more o r  l e s s  
f l e x i b l e .  One who perform ed th e  o p e ra tio n  and gave c o r r e c t  re a so n in g  

f o r  h is  n r e d ic t io n  was r a te d  a t  th e  I I IB  l e v e l .  The s u b je c t  who was 

a b le  to  de term ine which rod  was more o r l e s s  f l e x ib l e  b u t f a i l e d  to  
dem onstra te  how one v a r ia b le  cou ld  be h e ld  c o n s ta n t w hile  a llo w in g  th e  

o th e rs  to  v a ry  in  th e  m u l t ip l ic a t iv e  scheme in  o rd e r  to  s e p a ra te  th e  

e f f e c t s  o f  each  v a r ia b le  was r a te d  IIIA , A IIB  r a t i n g  was g iven  to  th e  

s u b je c t  who was u n ab le  to  c o n s tru c t  a h y p o th e tic o -d e d u c tiv e  scheme a s  
e v id e n t by h is  random tech n iq u e  o f com paring th e  e f f e c t s  o f  each v a r ia b le .  
The s u b je c t  who cou ld  no t perform  any o f th e  ta s k s  was r a te d  IIA ,

3, E q u ilib riu m  in  th e  Balance
The s u b je c t  was shown an a p p a ra tu s  which c o n s is te d  of a balance  

arm w ith  30 h o le s  d r i l l e d  in  one inch  in te r v a l s  a lo n g  i t s  le n g th .  W eights
Q

o f 10, 5 and 2 u n i t s ,  which could  be hung in  th e  h o le s ,  were a lso  
p o in te d  o u t. The exam iner hung one 10 u n i t  w eight 7 in ch es  from th e  

fu lcrum  and asked th e  s u b je c t  to  hang a n o th e r  10 u n i t  w eight on th e  

o p p o s ite  arm to  ach iev e  a b a la n c e .
F ollow ing  com pletion  o f  t h i s ,  th e  s u b je c t  was g iv en  two 5 u n i t  

w eig h ts  to  re p la c e  one o f  th e  10 u n i t  w eigh ts  and asked to  p la c e  them 

on th e  arm to  ach iev e  b a la n c e , While th e  s u b je c t  determ ined  th e  p ro p er 

lo c a t io n  f o r  th e  5 u n i t  w e ig h ts , th e  exam iner h e ld  th e  arm o f th e  b a lan ce  
p a r a l l e l  to  t h e . t a b l e  s u r fa c e .  A fte r  th e  s u b je c t  hung th e  w e ig h ts , th e  

exam iner r e le a s e d  th e  arm to  see i f  a b a lan ce  had been ach iev ed .

Next the  s u b je c t  removed h i s  w e ig h ts , was g iv en  one 5 u n i t  w eigh t, 

and asked to  hang i t  to  ag a in  b a lance  th e  10 u n i t  w e ig h t. Again th e  
exam iner h e ld  th e  end o f th e  b a lan ce  arm. A f te r  th e  s u b je c t  had s e le c te d  
th e  lo c a t io n ,  he was asked to  e x p la in  h i s  s e le c t io n .  The su b je c t  who 

gave th e  c o r re c t  p o s i t io n  and e x p la n a tio n  was r a te d  IIIA , F o llow ing  
th e  e x p la n a tio n , th e  exam iner l e t  go o f  th e  arm to  ag a in  see i f  b a lance

O
The u n i t s  cou ld  r e p re s e n t  any com bination  o f w eigh ts as  

lo n g  as  th e  1 0 :5 :2  r a t i o s  were m a in ta in ed . For exam ple, 200 grams was 
u sed  f o r  th e  10 u n i t  w e ig h t, 100 grams f o r  th e  5 u n i t  end 40 grams f o r  
th e  2 u n i t  w e ig h ts .
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had been ach iev ed . I f  th e  s u b je c t  reasoned  th a t  th e  5 u n i t  w eight was 
l e s s  than  th e  10 u n i t  w e ig h t, th e r e f o r e ,  i t  must be -placed 5 in ch es  
f a r t h e r  o u t ,  he has used th e  d if f e re n c e  betw een 10 and 5 f o r  h i s  

com parison , n o t th e  r a t i o  o f 10 and 5» T h is  response  was r a te d  a t  th e  
IIB  l e v e l .  No sy s te m a tic  e x p la n a tio n  o r response  which in d ic a te d  th e  

s u b je c t  does no t u n d ers tan d  th e  law "^heaviers^near,** p laced  th e  su b je c t 

a t  th e  IIA l e v e l .

In  a f i n a l  t a s k  to  d i f f e r e n t i a t e  IIIA  from II IB  re sp o n s e s , th e  

s u b je c t  was g iv en  a 7 u n i t  w eight and asked to  make i t  b a lan ce  a  10 

u n i t  w eight p laced  7 in ch es  from th e  c e n te r .  C o rre c t p r e d ic t io n  and 
e x p la n a tio n  o f t h i s  p ro p o r tio n  problem p laced  th e  s u b je c t  a t  th e  I I IB  

l e v e l ,
4 , O p era tio n s  o f E x c lu s io n

In  t h i s  ta s k  which in v o lv e s  th e  o s c i l l a t i o n  o f a pendulum , th e  

s u b je c t  was g iven  s e v e ra l  i r r e l e v a n t  v a r ia b le s  a long  w ith  th e  r e le v a n t  
v a r ia b le .  He had to  d is c r im in a te  betw een th e  a p p ro p ria te  v a r ia b le  by 

means of t e s t i n g  and to  e l im in a te  th o se  v a r ia b le s  which had no e f f e c t  

upon th e  r a t e  o f o s c i l l a t i o n .
The s u b je c t  who cou ld  no t s e p a ra te  any o f th e  v a r ia b le s  was 

r a te d  IIA , T h is  s u b je c t  was ab le  to  s e r i a l l y  o rd e r  th e  le n g th  of 

s t r i n g ,  e le v a t io n  o f th e  mass and im petus bu t cou ld  n o t c o n s is te n t ly  

o rd e r  th e  mass of th e  pendulum bob. The s u b je c t  who could s e p a ra te  

on ly  th e  push g iv en  th e  mass when s t a r t i n g  out was r a te d  IIB , T his 

s u b je c t  reco g n ized  th a t  sh o r te n in g  and len g th en in g  th e  s t r i n g  made th e  

bob swing f a s t e r  and s low er bu t could  not exclude the  e f f e c t  o f  mass

and ang le  o f r e le a s e .  The s u b je c t  who was ab le  to  reco g n ize  th e  caus
a l  r o le  o f th e  le n g th  o f th e  s t r i n g  and excluded the i r r e l e v a n t  
v a r ia b le s  by h o ld in g  th e  le n g th  o f s t r i n g  c o n s ta n t w hile a llo w in g  th e
o th e rs  to  v ary  was r a te d  I IIA , A I I IB  was awarded to  th e  s u b je c t  who
reco g n ized  the  c a u sa l r o le  o f  th e  le n g th  o f th e  s t r i n g  on th e  o s c i l l a t i o n  

and could  v e rb a l iz e  h is  a c t io n s  f o r  a g e n e ra l c o n d itio n  f o r  a l l  pendula 
and dem onstra te  how i t  cou ld  be te s te d .

S u b je c t M a tte r  Exam inations 
M u ltip le -c h o ic e  ex am inations were w r i t te n  in  th e  s u b je c t  a re a s
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o f b io lo g y  and p h y s ic s . The su b je c t  co n ten t used f o r  w r i tin g  th e  t e s t  

item s was chosen from u n i t s  t h a t  were ta u g h t a t  th e  beg inn ing  o f each 

c o u rse . The to p ic s  used f o r  w r i t in g  th e  b io lo g y  exam ination  were 
"P o p u la tio n s  and A d a p ta tio n ."  The p h y s ic s  exam ination  was w r i t te n  
from m a te r ia l  on "Measurements and R e c t i l in e a r  M otion."

1 , Concept V a lid a tio n
A p re lim in a ry  form o f  each exam ination  was se n t to  a p an e l o f  

judges to  v a l id a te  th e  le v e l  o f concepts co n ta in ed  in  each item  as
9

fo rm al or c o n c re te . The c r i t e r i o n  used f o r  r a t in g  each item  was 
th e  le v e l  o f  th in k in g  a b i l i t y  needed to  u n d erstan d  th e  meaning o f 

fo rm al and c o n c re te  concep ts  as  they  were d e fin ed  in  C hapter 1 ,

2. E xperim en tal T ryout o f  the  Item s

Before th e  t e s t  item s were assem bled in  th e  f i n a l  form o f 

th e  ex am in a tio n , a t ry o u t  o f  th e  t e s t  was g iven  to  samples o f b io lo g y  

and p h y s ic s  s tu d e n ts  s e le c te d  from s tu d e n ts  who had completed b io lo g y  

and p h y s ic s  th e  p rev io u s  y e a r .  These s tu d e n ts ,  who resem bled as  n e a r ly  

as p o s s ib le  th e  s u b je c t  who were to  tak e  th e  exam ination  f o r  t h i s  

s tu d y , were g iven  th e  t ry o u t  t e s t  cu rin g  th e  1973 s p r in g  and f a l l  
sem este rs  a t  th e  h igh  schoo l where the sam ples f o r  t h i s  stu d y  were 

s e le c te d .  The p h y s ic s  t ry o u t  t e s t  was a d m in is te red  to  a l l  o f h is  
s tu d e n ts  from th e  p rev io u s  y e a r  ty  the  same in s t r u c to r  who gave th e  

f i n a l  form o f th e  su b je c t  m a tte r  exam ination  used  in  t h i s  s tu d y . The 
b io lo g y  t ry o u t  t e s t  was g iven  by t h i s  in v e s t ig a to r  to  a l l  s tu d e n ts  in  
h is  two ch em istry  and th re e  e le c t r o n ic s  c la s s e s  who had com pleted th e  

co u rse  th e  p re v io u s  y e a r .
The p u rposes f o r  th e  t ry o u t  w ere: ( l )  to  id e n t i fy  d e fe c t iv e  

o r ambiguous item s and n o n -fu n c tio n in g  d i s t r a c t o r s ;  (2 ) to  de term ine 

th e  d i f f i c u l t y  and in te m a l-c o n s is te n c y  in d ic e s ;  (3 ) to  p ro v id e  

in fo rm a tio n  about th e  tim e needed to  respond  to  th e  try o u t item s f o r  
d e te rm in in g  th e  approxim ate number of item s to  be inc lu d ed  in  th e  f i n a l  

form o f th e  ex am in a tio n s.

9
^See Appendix I  and I I  f o r  co p ies  o f th e  t e s t  item s, th e  r a t in g  

o f  each item  by concep t l e v e l s ,  and th e  q u a l i f i c a t io n s  o f  the  p an e l 
members.
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The samples who took the tryout were divided into high and 
low-scoring groups with each consisting of 279̂  of the sample.
The data accumulated from the tryout were assembled on index cards 
similar to the one illustrated below.

TABLE 1 
INDEX CARD

SAMPLE OP CHOICE-BY-CHOICE RESPONSES TO PHYSICS ITEM 10
T e s tro h y s ic s  
Ttem ....10..

T e s ts  p h y s ic s  
Item 10

_2_

Sample A Sample B
high low high low

N .. 17 17 17 17
1 A 0 0 A 0 3
2 B 1 2 B 0 3
3 C 8 13 C 2 ?
4 D 8 ? D I ' i fi
5 E B
6 omit 0 0 om it 0 0
7 UR 0 0 NR 0 0
8 ^  c o rr 29 0 ^  c o r r 80 25
9 D I ' 15 D I 58

10 r .57 r .70

IQ meters 
12

-B -
A

4 6 8 " l^'g
Which n o r t io n  o f the  
granh in d ic a te s  th e  
g r e a te s t  Av. V e lo c ity ?
a) A
b) B
d ] S *

Denotes c o r re c t  
answer

The information shown on the above index card was taken from 
the distribution of responses from two different tryout samples. 
Sample A was the third hour physics class and samole B the sixth hour 
class. The data under the high and low-scoring grouos of sample A 
and B show the choice-by-choice distribution of responses made to 
the test item written on the left side of the card. For examole, 
none of the high or low-scoring group in sample A marked choice "A” 
while three in the low-scoring group from sample B marked it. This 
kind of information was useful in detecting weak or non-functioning 
distractors. Also it can be seen that 15 in the high-scoring group 
from sample B marked the correct response while only 8 in this group 
from sample A marked it. This difference in number of correct

This was done to facilitate the calculations and did not effect 
the statistics. See, E,F, Lindquist, Editor, Educational Measurements, 
(Washington, D.C,* American Council on Education, 1951)» PP« 296-299»
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re sp o n ses  vas r e f le c te d  in  th e  d i f f i c u l t y  index found on l in e  n in e  
which w i l l  be d isc u sse d  in  th e  nex t s e c t io n .  B esides th e  d i s t r i b u t io n

o f re sp o n ses  found in  l in e s  two th rough  f iv e ,  th e  number o f exam inees 
who om itted  th e  item  and who d id  n o t reach  th e  item  in  th e  tim e a l l o t t e d  
(HI?.) were reco rd ed  on l in e s  s ix  and seven . T h is  in fo rm a tio n  was 

v a lu a b le  f o r  d e te rm in in g  w hether th e  lo w -sco rin g  groups were o m ittin g  
th e  item  more f re q u e n tly  th a n  th e  h ig h -s c o r in g  g rouos. I f  t h i s  were 

th e  c a s e , th e  t e s t  item  would be fu n c tio n in g  as was ex p ec ted . I f  on 

th e  o th e r  hand, more o f  th e  h ig h -sc o r in g  groups were o m ittin g  th e  item , 

th e re  would be in d ic a t io n  t h a t  th e  item  was ambiguous and needed reword
in g  o r  should  be d e le te d  from th e  t e s t .  The frequency  o f  HP. and the  

p o s i t io n  o f  th e  item  in  th e  t e s t ,  in  t h i s  case 10 f o r  th e  above 
exam ple, would in d ic a te  th a t  th e  f i n a l  form o f  the  exam ination  could  

c o n ta in  a t  l e a s t  t h i s  number o f item s,

3, D i f f ic u l ty  and In te rn a l- c o n s is te n c y  In d ic e s
An a n a ly s is  o f th e  d i s t r i b u t i o n  o f re sp o n ses  reco rd ed  in  

T able  1 a ls o  p ro v id ed  d a ta  f o r  com puting th e  in d ic e s  o f  d i f f i c u l t y  
and in te n a l-c o n s is te n c y  fo r  each item . The index o f  d i f f i c u l t y  which 
t e s t  ? f r i te r s  sim ply  d e f in e  a s  the r e l a t iv e  d i f f i c u l t y  le v e l  o f  an 

item , t h e o r e t i c a l ly  should  be around $0, For th e  examole g iv e n , th e  
index  was found to  be 15 f o r  sample A and 55 f o r  saranle B. These 
v a lu e s ,  found on l in e  n in e  o f the  index c a rd , a re  exp ressed  in  p e r  

cen t o f  a d ju s te d  c o r re c t  re sp o n ses  o f exam inees. The index o f 55 
was found by av e rag in g  th e  p e r  c en t o f  c o r re c t  re sp o n ses  f o r  th e  

h ig h -s c o r in g  group ( 8o)  and the  lo w -sco rin g  group (2 5 ) .  The index 

o f sample A was found u s in g  the  same p ro ce d u re . The eq u a tio n ^^  f o r  

f in d in g  th e  n e r  cen t o f  c o r r e c t  re sp o n ses  i s

F t -
v ® t

where = th e  p e r  cen t o f  c o r re c t  re sp o n ses  in  th e  e n t i r e  sample 

a d ju s te d  f o r  chance su ccess  and f o r  om ission  caused by 
no t re a c h in g  th e  item  in  th e  tim e l i m i t .

l^Ibid., p. 280
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« th e  number o f  exam inees in  th e  e n t i r e  sample who answer 

th e  item  c o r r e c t ly ,

V o th e  number o f  exam inees in  th e  e n t i r e  sample who answ er 

th e  item  in c o r r e c t ly ,
= th e  number o f  c h o ic e s  in  th e  ite m ,

« th e  number o f  exam inees in  th e  e n t i r e  sam ple,
NR  ̂ B th e  number o f exam inees in  th e  e n t i r e  sample who do n o t

re ac h  th e  item  in  th e  time l i m i t ;

The index  o f in te m a l- c o n s is te n c y  i s  the  e x te n t  to  which th e  

item  m easures th e  same m ental fu n c tio n  a s  th e  t o t a l  t e s t .  T h is  

index  i s  reco rd ed  on l in e  10, The in t e r p r e t a t i o n  o f  th e  v a lu e s  f o r  
th e  above example meant t h a t  t ry o u t  sample A ( .5 7 )  s u b je c ts  gave 
re sp o n se s  to  t h i s  item  th a t  were n o t a s  r e p re s e n ta t iv e  o r  c o n s is te n t  
compared to  th e  re sp o n ses  to  th e  e n t i r e  t e s t  as  th o se  g iv en  by sample 

B ( . 70) ,  The index o f  sample B was h ig h e r  because t h e i r  re sp o n se s  
had a h ig h e r  c o r r e la t io n  to  th e  d i s t r i b u t i o n  o f  re sp o n se s  g iv en  on 

th e  e n t i r e  t e s t .  The h ig h e r  th e  index o f in te m a l- c o n s is te n c y ,  th e  

more r e p re s e n ta t iv e  th e  item  i s  in  term s o f m easuring  what th e  e n t i r e  

t e s t  was in ten d ed  to  m easure, and th e  v a lu e  o f th e  index  i s  analogous

to  a c o r r e l a t io n  c o e f f i c i e n t .  In  o th e r  w ords, th e re  i s  no accep ted

v a lu e  f o r  a good index  because th e  m agnitude o f  one v a lu e  i s  n o t 

d i r e c t l y  p ro p o r t io n a l  to  a n o th e r  v a lu e . A v a lu e  o f . 50 , f o r  exam ple, 

i s  no t tw ice as  good as  an index  o f ,25« Most a u th o r i t i e s  on t e s t  

w r i t in g  would c o n s id e r  t h a t  th e  item  w ith  th e  h ig h e r  in d ex , i f  two 
d i f f e r e n t  item s were w r i t t e n  to  m easure th e  same m ental f u n c t io n ,  
would be th e  one th a t  should  be in c lu d ed  in  th e  t e s t .  S ince b o th  

' ^  o f  th e  in d ic e s  f o r  th e  above example were f o r  th e  same item  and

a re  co n s id e red  a c c e p ta b le ,  th e  in fo rm a tio n  shows o n ly  d i f f e r e n c e s  in  
th e  d i s t r i b u t i o n  o f  re sp o n se s  between th e  two sam ples.

The e o u a tio n  used  to  c a lc u la te  th e  index  o f  in te m a l-c o n s is tw
12ency was th e  b i - s e r i a l  product-m om ent c o r r e la t io n .  That e q u a tio n  i s

^^Ibid, . p , 290
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M -  M

T

pbis

where M « th e  mean c r i t e r i o n  sco re^^  o f exam inées who marked th e  r
item  c o r r e c t ly ,

M = th e  mean c r i t e r i o n  sco re  o f  exam inees who reached  th e  

item  in  th e  tim e l i m i t ,
th e  s ta n d a rd  d e v ia t io n  o f c r i t e r i o n  s c o re s  on exam inees 
who f in is h e d  th e  t e s t ,

P = th e  number o f  exam inees who marked th e  item  c o r r e c t ly  
d iv id e d  by th e  number who f in is h e d  th e  t e s t .

4 , Item S e le c t io n
Item s th a t  had th e  h ig h e s t  in te m a l- c o n s is te n c y  index and 

d i f f i c u l t y  index o f app ro x im ate ly  50 vere  used in  th e  f i n a l  form o f  
th e  exam ination  s in c e  re se a rc h ^ ^  has shown th a t  th e  com bination  o f 

th e se  two f a c to r s  p ro v id e  th e  most v a l id  measurement o f th e  t e s t i n g  

m a te r ia l  and b e s t d is c r im in a t in g  a b i l i t y  among th e  m a jo r i ty  o f  th e  

exam inees ta k in g  an o b je c t iv e  ex am in atio n . When an item  has a  d i f f i c u l t y  

index  o f 50 and a t  l e a s t  a p o s i t iv e  index o f in te m a l- c o n s is te n c y ,  
t h e o r e t i c a l ly  th e  item  w il l  d is c r im in a te  b e s t  betw een th o se  who 

u n d e rs tan d  th e  item  and th o se  who do n o t .  That i s ,  i f  a  t e s t  item  

w ith  a d i f f i c u l t y  index  o f  50 were g iven  to  100 s u b je c ts ,  i t  would 

d is c r im in a te  betw een 50^  (50 s u b je c ts )  who could answ er and 50^
(50 s u b je c ts )  who could  no t answer the  item  making a t o t a l  d isc r im 
in a t io n  o f 2500,^ ^  In  term s o f t h i s  r e s e a r c h ,  a  t e s t  item  th a t  was too  
easy  (h ig h  index) meant th a t  th e  m a jo rity  o f exam inees would be a b le  
to  answer th e  item  and th e  re a so n s  re q u ire d  would no t ex tend  t h e i r

^^The c r i t e r i o n  sco re  i s  th e  raw sco re  made on th e  t e s t ,  

^ ^ L in d q u is t, op. c i t . ,  pp . 308-310.

^ ^ I f  th e  d i f f i c u l t y  index were 40, th e  t e s t  would have 40x60 
( 2400) d is c r im in a t io n s ,  w hereas, a  d i f f i c u l t y  index  o f  70 would have 
2100 d is c r im in a t io n s .  These c a lc u la t io n s  show t h a t  a t e s t  w ith  most 
o f  th e  item s a t  th e  50 index  le v e l  would have th e  maximum number o f 
d is c r im in â t  io n s .



21

though t p ro c e ss  to  co v er b o th  fo rm al and co n c re te  o p e ra t io n a l  le v e ls  

o f th in k in g .
On th e  o th e r  hand, an item  w ith  a low index (h ig h  d i f f i c u l t y  

f a c to r )  would n o t be answered by th e  m a jo r ity  o f  exam inees and would 
d is c r im in a te  a g a in s t  th o se  who p o te n t i a l l y  u n d erstan d  the  co ncep ts  
but cou ld  n o t d is c r im in a te  betw een th e  item  d i s t r a c t o r s .  In o rd e r  
f o r  th e  sc o re s  on th e  o b je c t iv e  t e s t  to  have an eq u al chance to  

measure u n d e rs ta n d in g  Of th e  d i f f e r e n t  co n cep ts  as  th e  rea so n s  g iv e n , 
th e  le v e l  o f  d i f f i c u l t y  o f th e  item s s e le c te d  f o r  the f i n a l  form o f 

th e  t e s t s  was chosen to  be a s  n e a r  to  50 as  p o s s ib le .

5 . R e l i a b i l i t y

The central purpose of this study was to determine whether 
or not test scores from an objective test reflect the same understand
ing of concepts as the explanations the examinees gave for selecting 
the answers. In order to have faith in the ability of the multiple- 
choice examinations to reflect what the instruments were intended to 
measure (understanding of concrete end formal concepts), the tests* 
reliability was considered one of the more important aspects of 
ifriting the examinations. In addition, to be able to generalize the 
conclusions drawn from the results of this study to similar urban 
schools, the results should be relatively free of random or chance 
errors of measurement. These characteristics of reliability —  
consistency of the results and accuracy of measurement —  were both 
considered when the finished form of the multiple-choice examinations 
was assembled and administered.

The reliability of the subject matter examinations was 
determined using the equation^^

n

^ t t
JL /!L_iz4
„-l \  /

^ ^ L in d q u is t, op. c i t . ,  p .  587
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where r.* = the reliability of the total test,W V
n = the number of items in the test,
2 = the variance of the total test,
= the proportion passing item i,
= 1 -  p ^ .

6. V a lid i ty
Since the objective tests were constructed to measure under

standing of formal and concrete concepts in biology and physics, the 
validity of the tests was equally as important as their reliability.
The question of validity was whether or not the test was measuring 
what it was intended to measure. For this study, measuring under
standing of different concepts was intended, therefore the emphasis 
was placed on validating the kinds of concepts contained in the test 
items. This validation, called construct validity, was accomplished

17by the panel of judges who rated the concepts in terms of constructs 
assigned to the levels of ability needed to understand the different 
concepts. In this resoect the validation was not quantified but was 
based on the judgement of the exoerts who were Qualified to rate the 
levels of concepts.

7, Administering and Scoring the Examinations
The multiple-choice examinations were administered to each 

sample after a designated unit was taught by the instructors teaching 
the courses. The investigator reviewed the instructions for adminis
tering the tests which each instructor in order to assure that each 
subject would attempt to give written explanations for his responses. 
Each examination had specific instructions for the examinees pertaining 
to guessing and use of tables and slide rules.

The reasons given by the students for selecting a particular
response to a multiple-choice item were judged valid or invalid by

X8subjecting them to the following criteria. Notice that the criteria

17These constructs were operationally defined as the ability 
to understand the meaning of concrete and formal concepts. See Chapter 
1, pp. 4-6.

18See Chapter 3, p. 43 for examples of statements that were 
given by the students and how they were judged.
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differ for the concrete and formal items,
1, Valid reasons for concrete concept items must contain*

a) Statements in which the subject clearly recognized data
pertinent to the question asked and reported those data needed to
explain the answer.

b) Statements in which the subject used his intuition to
explain his answer. His intuition, however, was based on concrete
data sensed from present reality or formed from first-hand exneriences,

c) Statements in which the subject exoressed postulations 
that led to correct exolanations. These postulations were based on 
first-hand exoeriences and not hypothetical propositions,

2» Valid reasons for formal concept items must contain*
a) Statements in which the subject clearly showed evidence 

that he constructed a hypothetico-deductive scheme and used it to 
draw implications that correctly explained his answer.

b) Statements in which the subject inferred the use of a 
hypothetico-deductive scheme by giving the correct implications that 
exolained his answer but did not specifically state the hyoothetico- 
deductive scheme.

Statistical Treatment'
The following hypotheses were tested for both samoles of 

biology, and physics subjects.
Ho,* r =0, There is no correlation between the scores made on 1 xy

the multiple-choice test and the number of correct reasons given for 
formal and concrete concent items by formal operational subjects,

Sa^* r ^  >0, There is a positive correlation between the scores 
made on the multiple-choice test and the number of correct reasons 
given for formal and concrete concept items by formal ooerational 
subjects,

HOg* r^  = 0. There is no correlation between the scores made on 
the multiple-choice test and the number of correct reasons given for 
formal concept items by concrete operational subjects.
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Ha^i 0. There is a positive correlation "between scores made
on the multiple-choice test and the number of correct reasons for
formal concept items by concrete operational subjects.

Ho,j r = 0. There is no correlation between the scores made on 
3 3cy

the multiple-choice test and the number of correct reasons given for
concrete concept items by concrete operational subject,

Ha,î r > 0 .  There is a positive correlation between scores made3 3cy
on the multiple-choice test and the number of correct reasons given for 
concrete concept items by concrete operational subjects.

Notice that all of the alternate hypotheses were stated as 
positive correlations. The reason for giving the correlations as 
positive was due to the unlikely possibility that negative correlations 
could exist. If the correlations were negative, this would imply 
that there were valid explanations for incorrect selected responses.

Analysis of Data - The analysis of the data for testing the 
hypotheses involved two separate treatments.

1. The raw scores made on the multiple-choice tests were used to
determine the level of confidence for deciding whether or not the
results were significant. Rather than arbitrarily deciding between 
the ,05 or .01 levels of confidence, the investigator allowed the 
scores made on the objective tests to set the level of confidence.
If the .01 level had been chosen, the results of a small sample would
have to be highly significant in order to accept the null hypotheses

19which could lead to committing a Type I error. On the other hand,
using a ,0 5 level could lead to rejecting the null hypotheses because
data were significant for a small sample and not for a large sample.

20This could lead to committing a Type II error. Since the significance
of data depends upon the size of the sample and the Chi-square test

Type I error is made when the null hypothesis is rejected 
when in fact it is true. The significance of each type of error will 
be discussed shortly,

20A Type II error is made when the null hypothesis is accepted 
when in fact it is false.



?5
makes no assxunptione regarding the shape of the distribution of 
traits measured by the criterion or item score, it was used to 
obtain the level of confidence. Using the results of this statis
tical treatment of the raw scores, the investigator was assured that 
the test scores from this study would reflect the same scores as 
those from a population large enough to be significant at the level

PIof confidence found using the Chi-square test. The equation 
used is

Chi-square =
-  R l -  1

Rt
)

where, R^ = the number of subjects in the high-scoring group who 
marked the items correctly,

R^ = the number of subjects in the low-scoring group who 
marked the items correctly,

^ t  “  ^ h  ’’’ ^ 1  *
= the number of subjects in the high and low-scoring

group,
KP.̂  = the number of subjects in the high and low-scoring 

group who do not reach the item in the time limit. 
Using the value from the Chi-square and Table 2, the level 

of confidence was found for the sample size used in this study,
TABLE 2^^

SIGNIFICANCE OF LEVELS FOR CHI AT CERTAIN SA)TLB SIZES

Value of H^ /2 Values of Chi at Significance
.0 5 .01

2 ............ 1 ,9 0
6 ............ 1.93 2.46

7 - 1 0 ............ 1.94 2 ,5 2
37-100 ............ 1 .9 6 2.57

101-over ,,,,........ 1.97 2,58

21Lindquist, op, cit,, p, 289, 
22lb id , . p, 290.
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2* The test scores and number of correct reasons were statisti
cally treated using Pearson’s product-moment correlation coefficient. 
Use of this statistic was possible because the numerical values 
given to the variables —  test scores and number of correct reasons —  
permitted quantitative mathematical operations. Since Pearson's 
formula requires measurements of variables at the quantitative level
and is one of the simplest to compute, it was used,

23The computation equation is 

r

where x and y are deviations from the means X and Y of the multiple-
choice test scores and number of reasons given.

In order to determine the significance of the difference 
between the correlation coefficients for formal and conorete-concept 
test scores and reasons given by formal and concrete subjects,
Fisher's Z transformation was used. The equationf^ is

r
V / Î  ! Ï  
V(Ni-3) (N2-3)

where = the unit-normal curve deviate, with values of 1,96
and 2 ,5 8 required to be significant at the ,0 5 level
of confidence,

25Z - = the Fisher transformation of correlation coefficient rl
^1’

Z^g = the Fisher transformation of correlation coefficient 

= sample size of r^, and Ng = the sample size of rg.

23George A. Ferguson, Statistical Analysis in Psychology and 
Education, (New Yorks McGraw-Hill, 1966), p.110,

^^Ibid,, p, 188,
25 Transformat ions of correlation coefficients (r) to Z were

obtained from a Table printed by Allen L, Edward, Statistical lfe%ods 
for the Behavioral Sciences, Rinehart & Company, Inc,, New York, sees 
Ferguson, on, cit., p. 412,
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Level of Confidence and Types of Error 
The null hypotheses were tested at the significant level 

determined by the Chi-square test, A summary of the possible error 
types are presented in Table 3 to show what the implications would be 
if incorrect decisions were made,

TABLE 3^^

ERROR TYPES

(Ho = n u l l  h y p o th e s is ,  Ha = a l t e r n a te  h y p o th e s is )
S ta te  o f N ature

D ec is io n

Ho i s  tru e Ha i s  t r u e
R e je c t Ho Type I  e r r o r C o rrec t d e c is io n

R e je c t Ha C o rrec t
d e c is io n

Type I I  e r r o r

Committing a Type I error, rejecting the null hypothesis 
when it was correct, would be the more serious error for the first and 
third hypotheses of this study. This would^mean that the testing 
instruments were measuring what was exoected but in reality there 
were no differences in ability of concrete and formal ooerational 
students to respond to different levels of concent items by giving 
valid reasons. This would imply that the whole concent of Piaget's 
theory was susnect. Committing a Tyne II error on the other hand, 
would be serious but only to the extent that the research was not 
designed to discriminate by testing the difference in abilities of 
these students to respond to formal and concrete concepts. The 
theory would not be in jeopardy, but the testing instruments either 
did not contain concrete and formal concepts, or the levels of the 
subjects were not correctly assessed.

How these error types would effect the outcome of this study 
is summarized in Table 4. These data provided the investigator with an 
overview of the entire study in terms of the significance of committing 
a Type I or Type II error.

^^Ibid,. p. 163.
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TABL5 4

SUMMARY OP COMMITTING TYPE I AND II ERRORS

Hypothesis Error Decision and Data 
Interpretation

Implications of Incorrect 
Decision•

I® FOS^ reasons for 
PCI® & CCI°and 
test scores are 
correlated* reject
HOj

Data were as expected* 
theory was suspect or 
faulty

Ha^
' V ° -

II Data not signi
ficant* accept 
Ho^- scores & 
reasons are not 
correlated

Test was not discrimin
ating or was faulty* 
theory was as expected

HOj I COS reasons for 
FCI° and test 
scores are corre
lated: reject Ho^

Data were not as expect
ed: theory was as expected

Ha^ ' V ° -
II® Reasons and test 

scores are not 
correlated* accept 
Ho^

Test was discriminating* 
theory was suspect

E03 I® COS? reasons for 
CCI and test 
scores are corre
lated: reject
H03

Data were as expected* 
theory was suspect or 
faulty

Ha^ ’V ° -
II Reasons and test 

scores are not 
correlated* 
accept Ho^

Test was not discriminatini 
or was faulty: theory was 
as expected

More serious error in terms of this study 
Formal Operational Subjects 
Formal Concept Items 
Concrete Concept Items 
Concrete Operational Subjects



29

Committing a Type I or II error could lead to erroneous 
decisions about the hypotheses which could indirectly contradict 
Piaget's theory and invalidate this study. To minimize the errors, 
these measure were judiciously followed, (l) Concrete and formal 
concepts were accurately defined in terms of the thinking levels 
needed to develop and use each concept, (2) The levels of mental 
development were assessed carefully in terms of nerformance on the 
Piagetian tasks, (3) The written reasons given by the subjects had 
to demonstrate real understanding of the concepts and not merely an 
internretation of what was expected by the investigator.



CHAPTER III
REPORTING AND ANALYZING THE DATA
The Subject Matter Examinations 

Each form of the biology and physios examination contained 
10 concrete and 10 formal multiple-choice items. The respective 
examination was administered to 89 biology subjects (Ss) and 59 
physics subjects (Ss) during regular 55 minute periods. The 
specific instructions given the examinees were to respond to as many 
items as possible and give a written reason that would explain why 
a particular response was chosen. Only those items that received 
a response by all of the subjects are reported here and used in the 
analyses which follow. Table 5 gives the average number of correct 
responses (X), average number of correct reasons (y), and the stan
dard deviation (S.D.) for each subject matter examination. The 
average difficulty index (D,I.) for concrete and formal items, the 
reliability index and level of confidence (p) based on the
Chi-square distribution are also reported in Table 5#

TABLE 5
SUBJECT MATTER EXAMINATION DATA

Examination Ss X Y S.D. P D.I,
concrete

D.I,
formal ^tt

Biology 89 11,8 9.1 3 .5 ,01 67 41 ,84^
Physics 59 11.7 10,8 3.3 ,01 78 40 ,87^

p < ,0 1

30
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Piagetian Taeka
The level of mental development for each subject was assessed 

by analyzing his performance on four Piagetian tasks. Three tasks, 
equilibrium-in-the-balance, seuaration-of-variables, end operations- 
of-exclusion have four levels of achievement. These levels are pre
concrete (IIA), concrete (IIB), beginning formal (IIIA), and formal 
(IIIB), Students could score only at one of the first three levels on 
the conservâtion-of-volume task. If at least 75 ner cent of a subject's 
reponses fell in either the concrete or formal category^, he was 
placed there. Using this criterion and awarding numerical scores 
from one to four for successful completion of each level of achieve
ment, a minimum score of 12 and a maximum score of 15 was possible for 
the formal operational level. If a subject was awarded ratings which 
totaled three IIIBs and one IIIA, he received a maximum score of 15 
while one who rated four IIIA received 12. Both of these subjects were 
categorized as formal operational thinkers. Since the IIB level of 
achievement is considered concrete operational, subjects who received 
three I IBs and one IIIA (9 points) or four IIBs (8 points) were 
categorized as concrete operational. There were some subjects who 
received scores of 10 (two IIIAs and two IIBs) and 11 (three IIIAs
and one IIB). These subjects who some investigators categorize as post-

2concrete were assigned to the concrete operational level since this 
level was not considered different enough from concrete operational 
to be included as a special category. The combination of possible 
scores and the assigned level of each total score are summarized in 
Table 6.

^Jean Piaget, Judgement end Reasoning in the Child, (New Jersey, 
Littlefield, Adams and Company, 1966).

2John W. Renner, Bon G. Stafford, and Ragan, William B., Teaching 
Science in the Elementary School. (New York: Harper and Row Publishers, 
1973), p. 345'.



32 
TABLE 6

CLASSIPICATIOÎT OF ACHIEVEMENTS ON PIAGETIAN TASKS

Ooerational
Level

Combination of Scores Score Level Assigned

Concrete 3 (IIB) +1 (IIIA) or less ^9 Concrete
Post- 2 (lIIA)+2 (IIB) 10 ConcreteConcrete 3 (IIIA)+1 (IIB) 11 Concrete

Beginning 4 (IIIA) 12 FormalFormal 3 (lIIA)+2 (IIIB) 13 Formal
Formal 2 (IIIA)+1 (IIIB)

3 (IIIB)+1 (IIIA)
14
15

Formal
Formal

Those subjects in biology who scored 9 points or less comprised 
yiio of the sample compared to 1?^ for the physics sample. At the 
formal end of the spectrum, A2% o f the physics sample achieved this 
level compared to 23^ for the biology sample. The distribution of 
the post-concrete and beginning formal levels exhibited a similar 
pattern for each group. The frequency and per cents of subjects in 
each achievement level are reported in Table 7,

TABLE 7

LEVELS OF ACHIEVEI«!EHT FOR THE PIAGETIAN TASKS

Sample Concrete Post-concrete Beginning Formal Formal
Biology 33 (37)* 23 (26) 12 (13) 21 (24)
Physics 10 (1 7) 9 (1 5) 15 (26) 25 (42)

® Numbers in parenthesis are per cents of the sample 
The distribution of per cents of concrete and formal 

operational levels found in this study comnared favorably with those 
reported by Lawson^ whose study was done with students in the same 
grade and content area. That information is reported in Table 8.

Lawson, op. cit.. p. 64*
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TABLE 8

COMPARISON OF TOTAL PER CENTS WITH LAWSON’S STUDY

Sample This Study Lawson's Study
Concrete Formal Concrete Formal

Biology 63 37 64 36

Physics 32 68 34 66

Individual Scores « Reasons, and Levels of Mental Development 
The individual’s correct responses to the test items, the 

number of correct reasons given and his level of mental development 
are recorded in Tables 9 and ]0.. Those data are divided into 
correct scores for concrete (X^) and formal (X^) ittaa and the 
corresponding number of correct reasons (Y^) and for concrete
and formal test items resnectively. The subjects are ranked according 
to their total number scores on the entire test.
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TABLE 9

INBIVIDIJAL RAW DATA FOR BIOLOGY SAMPLE

Subject 4 & Piagetianscore Level

1 20 10 10 10 10 14 P
2 19 10 8 9 8 15 P
3 18 10 10 8 8 15 P
4 17 10 10 7 8 14 P
5 17 10 10 7 7 14 P
6 17 9 9 8 8 14 F
7 17 10 10 7 7 14 P
8 16 10 8 6 6 14 P
9 16 10 9 6 5 14 P

10 16 8 9 8 6 14 P
11 16 9 9 7 7 14 P
12 16 9 8 7 4 13 BP
13 15 9 9 6 6 14 P
14 14 8 8 6 6 15 P
15 14 9 9 5 5 14 F
16 14 9 8 5 5 13 BP
17 14 8 8 6 6 13 BP
18 14 9 9 5 4 13 BP
19 14 7 6 7 3 11 PC
20 14 6 6 8 3 11 PC
21 13 7 8 6 6 14 p
22 13 7 7 6 6 13 BP
23 13 7 8 6 6 13 BP
24 13 9 9 4 4 13 BP
25 13 8 9 5 5 14 P
26 13 8 8 5 4 14 P
27 13 8 7 6 2 12 BP
28 13 8 4 5 2 11 PC
29 13 8 7 5 2 10 PC
30 13 9 9 4 2 '10 PC
31 13 9 9 4 2 10 PC
32 13 7 6 6 4 10 PC
33 12 7 7 5 5 14 p
34 12 6 6 6 6 14 p
35 12 6 6 6 5 14 p
36 12 6 7 6 5 13 BP
37 12 5 5 7 7 13 BP
38 12 7 7 5 2 ' 11 PC
39 12 5 4 7 3 11 PC
40 12 5 4 7 3 11 PC
41 12 6 6 6 1 11 PC
42 12 8 6 4 2 10 PC
43 12 6 5 6 2 9 c
44 11 6 6 5 2 12 BP
45 11 4 5 7 6 14 F
46 11 9 5 2 2 11 PC
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TABLE 9 (continued)

Subject ^c 4 Yf Piagetianscore Level

47 11 9 9 2 1 10 PC
48 11 9 7 2 1 9 C
49 11 7 7 4 0 9 C
50 11 7 7 4 2 8 C
51 11 5 2 6 0 8 G
52 11 7 5 4 2 7 C
53 10 7 7 3 3 12 BP
54 10 7 6 3 1 9 C
55 10 8 8 2 1 9 C
56 10 8 7 2 1 9 c
57 10 6 6 4 4 11 PC
58 10 5 3 5 2 10 PC
59 10 6 5 4 0 8 c
60 10 3 2 7 2 10 PC
61 10 7 7 3 3 9 c
62 10 5 4 5 2 11 PC
63 10 5 5 5 1 8 c
64 10 7 7 3 0 9 c
65 9 5 3 4 2 11 PC
66 9 5 5 4 1 11 PC
67 9 8 6 1 2 10 PC
68 9 7 4 2 0 10 PC
69 9 8 6 1 2 10 PC
70 9 6 2 3 1 9 c
71 9 4 4 5 0 8 c
72 8 5 3 3 0 9 c
73 8 4 3 4 0 9 c
74 8 7 4 1 1 9 c
75 8 5 5 3 2 7 c
76 4 4 3 2 ,9 c
77 7 5 5 2 2 9 c
78 7 5 4 2 2 9 c
79 7 5 3 2 0 9 c
80 7 5 4 2 0 9 c
81 7 3 3 4 0 8 c
82 7 5 5 2 0 . 8 c
83 7 5 5 2 2 10 PC
84 6 4 3 2 0 7 c
85 6 4 4 2 0 8 c
86 6 3 3 3 2 10 PC
87 4 2 2 2 0 8 c
88 4 2 2 2 0 8 c
89 3 1 1 2 0 7 c
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TASUS 10

INDIVIDUAL RAW DATA FOR PHYSICS SAMPLE

Subject 4 Level

1 19 10 9 9 9 15 P
2 18 10 10 8 8 15 P
3 18 10 10 8 8 15 P
4 17 10 10 7 7 15 P
5 17 10 10 7 6 14 P
6 16 8 8 8 8 15 F
7 16 10 10 6 7 15 P
8 16 9 9 7 6 15 P
9 16 8 8 7 8 15 P

10 15 8 8 7 7 15 F
11 15 6 6 9 7 15 P
12 15 9 9 6 6 15 P
13 14 9 9 5 5 13 BP
14 14 9 9 5 1 14 P
15 14 8 8 6 7 15 P
16 14 10 10 4 4 13 BP
17 14 10 10 4 2 13 BP
18 13 9 9 4 2 14 P
19 13 10 10 3 3 13 BP
20 13 7 7 6 7 14 P
21 13 8 8 8 5 15 P
22 13 8 8 5 2 10 PC
23 12 8 8 4 4 15 P
24 12 8 8 4 3 14 P
25 12 9 9 3 2 13 BP
26 12 9 8 3 3 13 BP
27 12 5 4 7 7 13 BP
28 12 10 10 2 2 13 BP
29 12 8 7 4 2 12 BP
30 12 7 7 5 3 13 BP
31 12 9 9 3 2 13 BP
32 12 8 8 4 4 13 BP
33 12 8 8 4 3 12 BP
34 12 7 6 5 3 12 BP
35 12 8 3 4 1 10 PC
36 11 5 5 6 6 14 P
37 11 5 6 6 7 15 P
38 11 6 6 5 5 13 BP
39 11 7 7 4 3 12 BP
40 11 9 10 2 1 12 BP
41 11 8 7 3 2 11 PC
42 10 9 9 1 0 11 PC
43 10 9 9 1 1 10 PC
44 10 5 4 5 1 9 c
45 9 5 6 4 4 13 BP
46 9 6 6 3 3 13 BP
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TABLE 10 (continued)

S u b jec t ^ i ^c 4 ^ f Piaretiansco re Level

47 9 5 5 4 1 10 PC
48 9 8 6 1 0 8 C
49 8 5 5 3 2 11 PC
50 8 6 6 1 10 PC
51 8 5 5 3 2 10 PC
52 8 7 7 1 0 9 C
53 7 4 3 3 1 9 C
54 7 6 6 1 1 10 PC
55 7 6 4 1 1 9 c
56 7 6 5 1 1 9 c
57 7 4 3 3 0 9 c
58 7 5 2 2 0 9 c
39 6 3 3 3 1 9 c

Statistical Treatment 
Correlation of Test Scores and Peasons- The product- 

moment correlation coefficient was used to calculate the statistics 
for the data presented in Tables 9 end 10. Correlations were found 
between the raw scores to each test item level and the reasons given 
by formal and concrete operational subjects. The mean scores and 
reasons for the concrete (a )  and formal (B) portions of the objective 
tests, the results of the statistical treatment and levels of signifi
cance are renorted in Tables 11 and 12.

TABLE 11

CORRELATION OP TEST SCORES AND REASONS FOR BIOLOGY SAMPLE 

A. R e su lts  f o r  C oncrete item s (X^) and Reasons (Y^)

Level Ss Yc S t a t i s t i c s S ig n if ic a n c e

C oncrete 56 5.9 4.9 P <  .005
Formal 33 8.3 8.1 - .88 P <  .005
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TABLE II  (continued)

B, Results for Formal Items (X^) and Reasons (Y^)
Level Ss & Statistics Significance

Concrete 56 3.7 .89 P <  .02
Formal 33 6.2 5.4 V  ' -81 p <  .0 0 5

TABLE 12
CORRELATION OF TEST SCOPES AND REASONS FOR PHYSICS SAMPLE

A, Results for concrete items (X ) and Reasons (Y )c o
Level Ss Xc Yc Statistics Significance

Concrete 19 6,2 5.3 ■ -79 p <  .005

Formal 40 8.2 8.4 p <  .0005

B, Results for Formal items (X^) and Reasons (Y^)
Level Ss 4 Statistics Significance

Concrete 19 2.5 .89 V  = -87 P = .05

Formal 40 5.2 4.8 = -®5 P <  .005

Fisher*s Transformation - Fisher's Z transformation was 
used to test whether or not the correlation coefficients between the 
biology and physics samoles were significantly different. The pro
cedure was to convert each correlation coefficient to Fisher's Z^ and 
calculate the unit-norma1-ourve deviate Z. Values of Z of 1,96 are 
reouired for significance at the ,01 level of confidence. Subscript 1 
refers to the biology samole and subscript 2 to the physics sample. 
Each correlation coefficient had N-3 degrees of freedom,^ The results 
are reoorted in Table 13.

See Table E, Ferguson, oo, cit,, p, 412
^The number of degrees of freedom is always the number of 

values that are free to vary, given the number of restrictions imposed 
upon the data. See Ferguson, oo, cit,, pp. 156-157.
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TABLE 13

TEST OP SIGNIFICANCE BETWEEN THE CORHEIjATION COEFFICIENTS OF 
THE BIOLOGY AND PHYSICS SAI-TPLES USING FISHER'S Z TRANSFORMATION

Correlations
compared ^1 ^2 N^-3 "rl "r2 Z

1 ) CI&R® by 
COS

,82 .79 53 16 1,2 1,1 .3®

2) CI&R^ by 
FOS°

,88 .94 30 37 1.4 1.8 1.3®

3) Fl&g'̂  by 
FOS

,81 .85 30 37 1,1 1.3 .5®

4) FI&R* by 
COS

,2 8 .37 53 16 .3 .4 .4®

5 ) by
COS & FOS°

.2 8 .9 4 53 37 .3 1.4 4.2^

6) FI&R'̂  by , 
FOS & COS

,81 .37 30 16 1.1 .4 2.6^

Concrete-concept item scores and reasons given.
Concrete Operational Subjects,

° Formal Operational Subjects
Formal-concept item scores and reasons given,

® P <  .01
^ p >  ,05

Interpretation of Statistical Treatment 
Three hypotheses were formulated for this study. The first 

null hypothesis stated that no correlation exist between the objective 
test scores and number of correct reasons given by formal operational 
subjects to formal and concrete test items. The results for the 
biology sample showed that the correlation coefficients between 
the test scores and reasons were .88 and ,8l for concrete and 
formal test items, see Table 11, For the physics group, the correlation 
coefficients were ,94 and .8 5 for the same two variables, see Table 12. 
These statistical values indicated that the null hypothesis should be



40

r e je c te d  a t  th e  ,01  le v e l  o f  co n fid en ce  end th e  a l t e r n a te  h y p o th e s is  
should be a c c en te d . That i s ,  th e  c o r r e la t io n  c o e f f i c i e n t s  between 
o b je c tiv e  t e s t  s c o re s  to  c o n c re te  and form al concept item s and th e  

rea so n s  g iv en  by fo rm al o p e ra t io n a l  b io logy  and p h y s ic s  s u b je c ts  a re  

p o s i t iv e  and h ig h .
The second n u l l  h y p o th e s is  s ta te d  th a t  no c o r r e la t io n  e x i s t  

between fo rm al concep t item s and th e  number o f c o r re c t  re a so n s  g iven  

by co n c re te  o p e ra t io n a l  s u b je c ts .  The r e s u l t s  th a t  were found show 

c o r r e la t io n  c o e f f i c i e n t s  o f  ,28  (T able 11 B) and ,37 (T ab le  12 B) 

between t e s t s  s c o re s  and number o f  c o r re c t  re a so n s  g iven  f o r  form al 

concept item s by c o n c re te  o p e ra t io n a l  b io lo g y  and p h y s ic s  s u b je c ts .
These v a lu e s  were s ig n i f i c a n t  betw een th e  ,0 ^  and ,02  le v e l  o f 

c o n fid en ce , th e r e f o r e ,  th e  c o r r e la t io n s  were not s ig n i f i c a n t l y  
d i f f e r e n t  from zero  a t  th e  ,01  le v e l  o f co n fid en ce . These t e s t s  show 
th e  second n u l l  h y p o th e s is  should  not be r e je c te d .

The t h i r d  n u l l  h y p o th e s is  s ta te d  t h a t  no c o r r e l a t io n  e x i s t s  
between th e  t e s t  s c o re s  and number o f  c o r re c t  rea so n s  g iven  f o r  con
c re te  item s by c o n c re te  o p e ra t io n a l  s u b je c ts .  The s t a t i s t i c s  re v ea le d  
c o r r e la t io n  c o e f f i c i e n t s  o f ,82  and ,79  f o r  c o n c re te  c p e ra t io n a l  
b io lo g y  and p h y s ic s  s u b je c ts  r e s p e c t iv e ly ,  see  T ab les  11 A and 12 A,
These v a lu e s  were s ig n i f i c a n t  a t  th e  ,005 le v e l  o f c o n fid en ce , th e r e f o r e ,  

th e  n u l l  h y p o th e s is  should  be r e je c te d .  That i s ,  th e  c o r r e la t io n  

between t e s t  s c o re s  and rea so n s  g iven  f o r  t h i s  le v e l  o f t e s t  item  
by co n c re te  o p e ra t io n a l  s u b je c ts  was h ig h ly  p o s i t i v e .

T est o f  S ig n if ic a n c e  Between C o r re la t io n  C o e f f ic ie n ts  -  The 

r e s u l t s  re p o r te d  in  T able 13 re v e a l  the fo llo w in g  in fo rm a tio n  about 
th o se  c o r r e la t io n  c o e f f ic ie n t s  t h a t  were compared, ( l )  There was no 

s ig n i f i c a n t  d if f e r e n c e  between th o se  p o s i t iv e  c o r r e la t io n s  th a t  were 

re p o rte d  in  T ab les  11 and 12 f o r  the  b io lo g y  and p h y s ic s  sam ples. The 
in fo rm a tio n  found on th e  l in e s  1 -2  o f T able 13 shows th a t  th e  c o r r e l 
a t io n  c o e f f ic ie n t s  between co n c re te  t e s t  s c o re s  and re a so n s  g iven  by 
c o n c re te  and fo rm al o p e ra t io n a l  s u b je c ts  f o r  th e  b io lo g y  sample 

( ,8 2  and ,8 8 ) and p h y s ic s  sample ( .7 9  and ,9 4 )  were no t s ig n i f i c a n t ly
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different at the ,01 level of confidence. Also on line three of the 
same table the positive correlations between formal test scores and 
reasons given by formal operational subjects from each sample were 
not found to be significantly different at the same level of confi
dence, (2) There was no significant difference between the non- 
positive^ correlations of the biology (,28) and physics (,37)samT)les,
The correlation coefficients that were compared were between formal 
test scores and reasons given by concrete operational subjects from 
each sample. (3) The difference between the positive (,94 for the 
ohysics sample and ,81 for the biology sample) and the non-positive 
( ,2 8  for the biology and ,37 for the physics sample) correlations 
were found to be highly significant. This information found on 
lines five and sir of Table 13 was for correlations between formal 
test scores and reasons given by formal and concrete onerational 
subjects in each sample.

The results from the test of significance between the correl
ation coefficients of the biology and physics samules assured the 
investigator that the correlations used to test the null hyootheses 
represented the same measure of predictability for each sample. In 
other words, those positive and non-positive correlations represented 
the same magnitude of values in each sample. This would indicate that 
the positive correlations are measuring the same functional relationship 
between the variables for each sample. These variables for positive 
correlations are concrete and formal test scores and reasons given 
by concrete and formal operational thinkers respectively. Also, 
those non-positive correlations can be considered to represent the 
same nonfunctional relationship between the test scores and reasons 
given by each sample. In addition, those correlations that were not

N o n -p o sitiv e  c o r r e la t io n s  r e f e r r e d  to  here  and in  th e  
fo llo w in g  d is c u s s io n  mean th o se  c o r r e la t io n  c o e f f ic ie n t s  t h a t  were 
not s ig n i f i c a n t ly  d i f f e r e n t  from zero  end a re  no t n e g a tiv e  c o r r e la t io n s .
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significantly different for each sample could he used to predict 
performance of each operational level of thinker from either 
biology or physics on formal or concrete test items.

The difference between non-positive and positive correlations 
of each sample was found to be highly significant. This would 
support the claim that the ,2 8 correlation coefficient for the 
biology sample and .37 correlation coefficient for the physics 
sample were not measuring a functional relationship between formal 
test scores and reasons given by concrete operational subjects in 
each sample. The positive correlations (,94 for the physics and ,81 
for the biology samples) being significantly different from the non- 
positive correlations would imply that these correlations were 
measuring a functional relationship between the formal test scores and 
and reasons given by formal operational subjects in each sample.

In sum, these findings supported the fact that (l) a positive 
correlation does exist between formal and concrete test scores and 
reasons given by formal operational biology and physics subjects;
(2 ) a positive correlation does exist between concrete test scores 
and reasons given by concrete operational subjects in each sample; 
and (3) no correlation exists between formal test scores and reasons 
given by concrete operational biology and physics subjects.

Evaluation of Explanations 
Criteria- The reasons given to explain each subject's select

ed choice to the multiple-choice items were evaluated by the 
investigator as valid explanations if they met the following criteria,

1. A c o r re c t  e x p la n a tio n  to  a c o n c re te  concept item  must c o n ta in
7the following kinds of statements.

a ) S ta tem en ts  in  which th e  s u b je c t  c le a r ly  recogn ized  d a ta  
p e r t in e n t  to  th e  q u e s tio n  asked and re p o r te d  th o se  d a ta  needed to  
e x p la in  th e  answ er.

7Examples of statements that met or did not meet these 
requirements are given in the section that follows.
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b) Statements in which the subject used his intuition to 
explain his answer. His intuition, however, was based on concrete 
data sensed from present reality or formed from first-hand experience.

c) Statements in which the subject expressed postulations 
that led to correct explanations. These postulations were based on 
first-hand experiences and not from hypothetical oropositions.

2. A correct explanation to a formal concent item must 
contain the following kinds of statements,

a) Statements in which the subject clearly showed evidence 
that he constructed a hypothetico-deductive system to draw impli
cations that correctly exolained his answer.

b) Statements in which the subject inferred the use of a 
hypothetico-deductive system by giving the correct implications 
that explained his answer but did not specifically state, what 
hypothetico-deductive system was used.

Examples of Statements - T^e following reasons contain
statements that were typical of correct and incorrect explanations and
demonstrate how the investigator evaluated those reasons according to
the foregoing criteria. The first example are reasons given for
responses on a formal biology test item.

The nex t q u e s tio n  i s  based on th e  fo llo w in g  in fo rm a tio n  
and diagram s o f 3 c e l l s  in  a w a te r-su g a r  s o lu t io n .  The 
d o ts  re p re s e n t  sugar m olecu les which cannot p ass  th rough  th e  
c e l l  membrane.

I 2 3
"Which cell(s) will shrink in size?"
To answer the Question required the construction of a 

hypothetico-deductive system in which the relation between concentration 
and diffusion could be used to predict which cell would shrink. A 
concrete model of concentration could be constructed, provided the 
meaning of concentration was understood, "by counting the relative 
number of dots contained in each cell. Using the concrete model to
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identify which cell has the least concentration of sugar inside and 
the relationship between concentration and diffusion, a correct 
prediction was possible as to which cell would shrink. The ability 
to follow the line of reasoning expressed here was expected of formal 
operational thinkers, therefore, this item was rated formal operational.g

The following reasons were judged correct and reflected the 
thinking pattern needed to make these exnlanations.

1. “Only cell one has a smaller concentration inside, water will 
move to a higher concentration, therefore cell one will shrink,“

2. “More water in cell one than out, water moves from lower 
concentration, therefore cell one will shrink."

3. "Water moves from a higher concentration [more water = higher 
0 on centrâtionj to a lower concentration, this is cell one, 
it will shrink,"
These reasons provided evidence that the subjects constructed 

a postulatory-deductive system and used it to explain why cell one 
would shrink. In these statements the subjects first identified the 
relative concentration of sugar in the cells —  an example where con
crete data were recognized from the diagrams —  to establish a condition 
in which diffusion could operate. Secondly, these reasons show that 
the subjects expressed the relationship between concentration and 
diffusion, "water moves from a lower concentration," and concluded 
in a rational way that, "cell one will shrink,"

It should be noted that understanding the relationship 
between concentration and diffusion was the basic ingredient for 
establishing the postulatory-deductive system. This relationship 
was more difficult to imagine because the concept of diffusion is 
generally taught as a process in which particules move from a higher 
to a lower concentration. In this particular problem the sugar 
molecules were not permitted to move through the cell membranes, 
therefore, a reverse relationship had to be imagined to solve the 
problem. The above reasons demonstrate that the subjects applied the

Q
The statements that each student gave are presented as he 

wrote them. Some of the statements contained incorrect grammar and 
spelling. Only the spelling was corrected by the investigator.
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re v e rs e  r e la t io n s h ip  and a r r iv e d  a t  th e  c o r r e c t  c o n c lu s io n .
The fo llo w in g  re a so n s  were a ls o  judged c o r r e c t  and a re  ex

amples o f th o se  k in d s  o f  e x p la n a tio n s  th a t  f i t  th e  2(b) req u irem en ts ,
1, "Only c e l l  one has s m a lle r  c o n c e n tra tio n  th a n  th e  s o lu t io n ,

c e l l  one w i l l  s h r in k ,"

2, "More w a te r w i l l  move ou t o f  the  c e l l  to  mix w ith  th e  sugar
o u ts id e  o f th e  c e l l  in  o n e ,"

3, "As th e  w ater d i f f u s e s  ou t o f  the  c e l l ,  i t s  volume and s iz e
w i l l  s h r in k ."
The p rim ary  d if f e r e n c e  between th e se  re a so n s  and th o se  g iven  

in  th e  f i r s t  example i s  th a t  no s ta te m e n ts  were found co n cern in g  th e  

r e la t io n s h ip  between d i f f u s io n  and c o n c e n tra tio n  which would in d ic a te  

th a t  a p o s tu l a to ry -d e d u c tiv e  system  was c o n s tru c te d .  The f a c t  th a t  

th e se  re a so n s  h in t  a t  an im p lic a t io n , " . . .  c e l l  one w i l l  s h r in k ,"  
however, in d ic a te s  t h a t  th e  th in k e r s  may have reco g n ized  th e  r e s u l t s  

o f  d i f f u s io n  b u t d id  n o t e x p re ss  th e  c o n d itio n s  i n  which t h i s  event 
would ta k e  p la c e .  These e x p la n a tio n s  were judged c o r re c t  because th e  

s u b je c ts ' in fe re n c e s  were p ro b ab ly  based on p r o p o s i t io n a l  lo g ic  even 
though th e  scheme was n o t v e rb a l iz e d .

The fo llo w in g  example o f  rea so n s  g iven  to  th e  same t e s t  
item  were judged in c o r r e c t ,

1 , "Because i t  does n o t have th e  r ig h t  num ber,"

2, "Because i t  has l e s s  su g ar m o le cu le s ,"

3, " I t  has more room to  s h r in k ,"

4 . ,  " I t  has l e s s  w a te r  and w i l l  dry  u p ,"  ,
Even though t h i s  sample o f  s tu d e n ts  made th e  c o r r e c t  choice 

to  th e  t e s t  item , t h e i r  re a so n s  d id  not d em o n stra te  th a t  th ey  had 

fo rm u la ted  a p o s tu la to ry -d e d u c tiv e  system  to  p ro v id e  a r a t io n a le  f o r  

t h e i r  c o r r e c t  c h o ic e . The th o u g h t p a t te r n  dem onstra ted  by th e  reaso n s  
th e se  s u b je c ts  gave was one in  which th ey  used t h e i r  sen ses  to  id e n t i fy  

what was seen  and re p o r te d  t h i s  in fo rm a tio n  a s  a v a l id  e x p la n a tio n  f o r  

t h e i r  answ er, "Because i t  does n o t have th e  r i g h t  number and i t  has 
l e s s  sugar m o lecu les"  c l e a r ly  dem onstra te  re a so n s  in  which th e  s u b je c ts  
r e l i e d  on t h e i r  sen ses  and re p o r te d  what was r e a l  to  them. The sub
j e c t  who s a id ,  " i t  has more room to  sh rin k "  used  a form o f  i n t u i t i o n .
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but he incorrectly equated room with concentration thus his intuition 
revealed a lack of understanding of the meaning of concentration. The 
fourth response indicates a condition that may have hapnened under 
different circumstances but did not relate to concents of diffusion 
or concentration. The student who gave this explanation failed to 
comprehend the meaning of diffusion and concentration. Instead he 
relied on the meaning that something would dry un if it did not have 
enough water.

All of the reasons given in the above example were judged in
correct because the subjects neither expressed a postulatory-deductive 
scheme nor gave implications that suggested such a scheme was inferred. 
Essentially these reasons were expressions of what the students saw 
or sensed from information contained in the test item and reported as 
valid explanations. These reasons were obviously not sufficient to 
explain responses on formal concept items. On the other hand, these 
kinds of explanations were judged correct for explaining responses on 
concrete test items. In other words, explanations for responses on 
concrete concept items did not require implications derived from a 
hypothetico-deductive scheme but do require the kinds of reasons 
found in the next example.

The following item is presented to show that reporting data 
is sufficient for explaining responses made on concrete test items.

A 2500-square-mile area was mapped as follows. Pour
kinds of plants are shown by the letters M,0,X, and Y.

I
0  
in

1
"Which plant appears to require the most moisture?"
The principal concept contained in this item is the relation

ship between where the plants are located and if this location provides
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m o is tu re . The s u b je c ts  had to  rea so n  th a t  n e a r  th e  stream  means 
m o istu re  and th e n  lo c a te  th o se  p la n t s  t h a t  grew th e r e .  T h is  k ind  
o f rea so n in g  depends on f i r s t - h a n d  e x p e r ie n c e s , and th e  s u b je c ts  

can respond to  t h i s  t e s t  q u e s tio n  by observ ing  and r e p o r t in g  

c o n c re te  d a ta  co n ta in ed  in  th e  diagram .

The fo llo w in g  rea so n s  g iven  to  th e  above q u e s tio n  were judged

c o r r e c t ,
1 , "More Ys a long  th e  r i v e r . "

2, "Y i s  su rro u n d in g  th e  b ro o k ,"

3, "Y, because th e y  grow n e a re r  the  s tream ,"

The rea so n s  th a t  th e se  s tu d e n ts  gave in d ic a te d  t h a t  th e y  r e 
cognized th e  r e la t io n s h ip  between where th e  p la n ts  grew and th e  a b i l i t y  

o f t h i s  lo c a t io n  to  supp ly  m o istu re  and p icked  th e  a n p ro p ria te  p la n t  (Y) 

which was found by th e  stream .
T h is  t e s t  item  may appear t r i v i a l ,  bu t th e re  were s tu d e n ts  

who could  no t fo llo w  th e  p a t te r n  o f thought found in  th e  above ex

p la n a t io n s ,  The fo llo w in g  reaso n s  g iven  to  th e  same t e s t  item  were 
judged in c o r r e c t .

1 , "M because i t  i s  in  th e  m ountain where th e re  i s  more r a in  
f a l l . "

2, "Because th e re  a re  more Os in  th e  m oun ta in s,"

3, "Because th e re  a re  very  few o f th e  X s,"

4, "Because Os a re  n o t by th e  w ater and Os need i t . "

The s tu d e n ts  who gave th e s e  reaso n s obv iously  d id  no t under

s tan d  th e  r e la t io n s h ip  t h a t  n ea r  a stream  e q tta ls -m o is tu re . These 
re a so n s  dem onstra te  t h a t  th e  s tu d e n ts ' e x p la n a tio n s  were based on in 

fo rm atio n  no t supported  by f a c t  o r  r e le t io n s h in s  d e riv ed  from f a u l ty
e x p e r ie n c e s . For exam ple, th e  s tu d e n t who p icked  th e  p la n t  th a t  ^ e w

in  th e  m ountain and s ta te d  as  f a c t ,  th e re  is  more r a i n f a l l "  gave
in fo rm a tio n  no t supported  by evidence from th e  t e s t  item . The s u b je c ts  
who^gave reaso n s  two and th re e  re p o rte d  f a c t s ,  th e re  a re  few o f

them and th e re  a re  more o f  them ," but the number o f th e se  p la n ts  a t  
th o se  lo c a t io n s  d id  n o t meet th e  c o n d itio n  f o r  m o istu re  req u irem en t.
The s tu d en t who gave reaso n  number fo u r  made th e  s ta tem en t t h a t ,
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Os need i t ” which was based on i n t u i t i o n  n o t supported  by ev id en ce . 
A ll o f  the re a so n s  g iv en  in  th e  above example w ith  th e  ex

c e p tio n  o f number fo u r  re p o rte d  in fo rm a tio n  observed from th e  diagram  

o f th e  map. The d a ta ,  however, th a t  were re p o rte d  d id  no t e x p la in  
a  v a l id  r e la t io n s h ip  between lo c a t io n  and f u l f i l lm e n t  o f m o istu re  

req u irem en t. The re a s o n s ,  th e r e f o r e ,  were judged in c o r re c t  and were 

co n s id e red  e x p la n a tio n s  th a t  d id  n o t r e f l e c t  an u n d ers tan d in g  o f th e  

c o n c re te  concept found in  t h i s  t e s t  item .

The fo llo w in g  e x p la n a tio n s  g iven  to  re sp o n ses  on a p h y s ic s  

t e s t  item  were ev a lu a te d  by th e  in v e s t ig a to r  u s in g  th e  same c r i t e r i a .  

The t e s t  item  used is*
Which graph  below i s  c lo s e s t  to  th e  v e lo c i ty  v e rsu s  
tim e graph of a s to n e  which i s  throw n s t r a ig h t  up 
in to  th e  a i r  a t  tim e t» 0  and r e tu rn s  to  e a r th  a t  t= t^ ?

velocity
+ * * ♦

The above item  c o n ta in s  two co n cep ts  th a t  re q u ire  d i f f e r e n t  

le v e l s  of though t to  d e r iv e  t h e i r  meaning. The concept o f m otion as  

i t  i s  used in  t h i s  q u e s tio n  i s  w ell w ith in  th e  a b i l i t y  le v e l  o f co n c re te  

o p e ra tio n a l  th in k e rs  because i t  i s  based on f i r s t - h a n d  ex p e rie n c e .

That i s ,  most s tu d e n ts  have observed th e  m otion o f a s tone  b e ing  

thrown up and watched i t  r e tu rn  to  e a r th .  The a o p l ic s t io n  o f  th e  

ex p erien ce  needed to  answer t h i s  t e s t  item , however, re q u ire d  t r a n s 

p o s in g  t h i s  a c t io n  to  a v e lo c i ty - t im e  graph and a r r iv in g  a t  th e  
a c c e le r a t io n  curve of g r a v i ty .  T h is  i s  an o p e ra tio n  on an o p e ra tio n  

which r e q u ire s  the c o n s tru c tio n  o f a h y p o th e tic o -d e d u c tiv e  scheme 
w ith in  which th e  concept of g r a v i ty  d e r iv e s  i t s  f u l l  meaning f o r  

f r e e l y - f a l l i n g  o b je c ts .  T h is  item , th e r e f o r e ,  was ra te d  form al 
o p e ra t io n a l .

These reaso n s  were judged c o r re c t  f o r  re sp o n ses  to  th e  above
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p h y s ic s  item ,
1, "The s to n e  undergoes c o n s ta n t n eg a tiv e  a c c e le r a t io n ,  ( d ) , "
2, "The v e lo c i ty  w i l l  im m ediately d e c rea se  a t  a c o n s ta n t 

r a t e  and th en  d e c re a se  in  a n e g a tiv e  d i r e c t io n ,  ( d ) , "

3, "While in  f l i g h t ,  th e  s to n e  would slow down, re ach  zero  
v e lo c i ty  and th e n  h e g in  a n e g a tiv e  v e lo c i ty  shown hy 
graph ( d ) . "
The re a so n s  su b m itted  by th o se  s tu d e n ts  whose e ro la n a t io n s  

were judged c o r re c t  d em onstra ted  how th e  m otion o f th e  s to n e  and th e  

e f f e c t  o f g r a v i ty  a re  r e l a t e d .  The e x p la n a tio n s  s ta t e d  in  e f f e c t  ; 

i f  th e  m otion i s  iq) and th e n  down, th en  th e  v e lo c i ty  is  c o n s ta n tly  

changing due to  th e  e f f e c t  o f  g r a v i ty ,  t h e r e f o r e , th e  g ra p h ic  r e n re s -  

e n ta t io n  o f t h i s  m otion i s  a n e g a tiv e  s lo p e  which co rresp o n d s to  graph 
( d ) .  T h is  form of re a so n in g  i l l u s t r a t e s  th a t  th e  s u b je c ts  c o n s tru c te d  
a h y p o th e tic o -d e d u c tiv e  scheme and used i t  to  f in d  an im p lic a t io n  
th a t  could e x p la in  and id e n t i f y  th e  c o r re c t  re sp o n se .

The fo llo w in g  re a so n s  were judged in c o r r e c t ,

1 , "In  th e  m iddle o f  th e  f l i g h t  i t  reach es  i t s  peak and 
g ra d u a lly  re a c h e s  zero  d is ta n c e ,  ( c ) , "

2, "Has h ig h  i n i t i a l  v e lo c i ty  and slow s down, th e n  w hile 
f a l l i n g  r e tu rn s  to  i n i t i a l  v e lo c i ty ,  ( a ) , "

3, "The v e lo c i ty  would s t a r t  out h ig h , approach zero  a s  i t  
neared  th e  to p  o f  i t s  a rch  and speed uo a g a in  as  i t  came 
down, ( a ) , "
These rea so n s  were judged in c o r r e c t  because th e  e x p la n a tio n s  

re v ea le d  th a t  th e  s u b je c ts  n e i th e r  understood  th e  im n lic a t io n  o f 

g ra v i ty  on th e  m otion o f  th e  s to n e  n o r th e  meaning o f  a v e lo c i ty 

tim e g raph . In  th e  f i r s t  e x p la n a tio n  th e  s u b je c t  im plied  t h a t  th e  
m otion o f th e  s to n e  and i t s  t r a j e c to r y  were e q u iv a le n t to  th e  a c c e l
e r a t io n  c u rv e . The exam inee s t e t e d ,  " in  th e  m iddle o f  th e  f l i g h t  i t  
reach es  i t s  p e a k , , , "  which in d ic a te s  t h a t  what he though t and what he 
sensed  were bo th  based on c o n c re te  r e a l i t y .  In  th e  second and th i r d  

e x p la n a tio n s  th e  s u b je c ts  sim ply  re p o r te d  a v i s u a l  d e s c r ip t io n  o f 
th e  s to n e 's  v e lo c i ty  a s  re v e a le d  from graph ( a ) .  The im p lic a tio n  

drawn from th e s e  e x p la n a tio n s  i s  th a t  th e  th in k e rs  could n o t th in k  

beyond th e  a c tu a l  p a th  o f  th e  s to n e  o r i t s  v e lo c i ty  a t  v a r io u s  p o in ts
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a lo n g  th e  t r a j e c to r y .  These th o u g h ts  a re  t i e d  to  th e  co n c re te  d a ta  
found in  th e  t e s t  item , and th e r e f o r e ,  p roducted  e x n la n a tio n s  th a t  
were judged in c o r re c t  f o r  form al t e s t  item s.

A P o s te r io r i  C a te g o r iz a tio n  o f S tudents*  E x p lan a tio n s  and 

Cora-parison w ith  L evels o f  Achievement on One P ia g e tia n  Task 

In  th e  l a s t  s e c t io n  exam ples o f re a so n s  s tu d e n ts  gave in  

e x p la in in g  t h e i r  re sp o n ses  to  th e  item s in  th e  m u ltip le -c h o ic e  t e s t  

were p re se n te d . U sing th o se  exam ples a d em o n stra tio n  why c e r t a in  
e x p la n a tio n s  were judged c o r re c t  o r  in c o r re c t  was p ro v id e d . The 
d e c is io n  as  to  w hether o r  no t a rea so n  was c o r re c t  was dependent 

upon th e  s tu d e n ts ' u n d e rs ta n d in g  o f th e  co n cep ts  co n ta in ed  in  th e  
t e s t  item s and w hether o r no t th e y  were ab le  to  re a c h  a v a l id  con
c lu s io n  by e i t h e r  c o n s tru c t in g  a h y p o th e tic o -d e d u c tiv e  scheme o r 
ap p ly in g  co n c re te  d a ta  found in  th e  t e s t  item s. The number o f 
c o r re c t  e x p la n a tio n s  re p o r te d  in  T ab le s  9 and 10 was found by 
u s in g  th e  same c r i t e r i a  and method o f e v a lu a t io n  th a t  were used 

in  th e  p rev io u s  exam ples. The d a ta  were s t a t i s t i c a l l y  t r e a te d  and 
used  to  t e s t  the p r in c ip a l  hypo theses o f t h i s  s tu d y .

The d a ta  p re se n te d  in  t h i s  s e c t io n  were no t in ten d ed  as  

p a r t  o f  t h i s  in v e s t ig a t io n .  The q u e s tio n  o f  w hether o r no t th e  

re a so n s  s tu d e n ts  gave to  e x p la in  t h e i r  re sp o n ses  to  th e  m u l t ip le -  

ch o ice  exam inations could  be c a te g o riz e d  in to  le v e l s  of e x p la n a tio n s  

and compared to  th e  le v e ls  o f  achievem ents found on th e  P ia g e tia n  

ta s k s  was co n sid e red  a p o s t e r i o r i .  Whether o r no t th e se  c a te g o r ie s  
o f  rea so n s  r e p re s e n t th e  same g e n e tic  sequences as  d e sc rib e d  by 
P ia g e t in  h is  th eo ry  o f i n t e l l e c t u a l  developm ent rem ains to  be 
in v e s t ig a te d .  The d a ta  p re se n te d  r e p re s e n t  on ly  th e  in v e s t ig a to r ’ s 
s u b je c tiv e  c l a s s i f i c a t i o n  o f the  e x p la n a tio n s  found in  t h i s  s tu d y ,
A d e s c r ip t io n  of the  c a te g o r ie s  fo llow s*

C ategory  Nt No e x p la n a tio n  o r  s ta te m e n t, " I  g u e s s e d ,

9
A ll o f th e  s ta te m e n ts  g iven  in  th e  c a te g o r ie s  were tak en  

from th e  b io lo g y  t e s t  item  found in  Examples o f S ta te m e n ts , p ,4 3 . 
The q u e s tio n  asked i s ,  "Which c e l l ( s )  w i l l  sh rin k ? "
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C etegory  I : Reasons in  which th e  s tu d e n t gave d a ta  th a t  d id

n o t aoo ly  to  th e  q u e s tio n  c o n ta in e d  in  th e  t e s t  ite m , e . g . , " t e 
hee ause i t  i s  in  th e  m id d le ."

C ategory  I I : Reasons in  which s tu d e n ts  gave c o n c re te  d a ta  as
p ro o f  o f e x p la n a tio n s  r a th e r  th a n  e x p re ss in g  an im o lic a t io n . The 
d a ta  g iv en  were r e l a t e d  to  th e  q u e s tio n  asked in  th e  t e s t  item , 
e . g . ,  "because th e  c e l l  had th e  r ig h t  num bers."

C ategory I I I * Reasons in  which th e  s tu d e n ts  gave im o lic a tio n s  
no t t i e d  to  c o n c re te  d a ta  b u t d id  n o t s p e c i f i c a l l y  ex o re ss  th e  r e 
la t io n s h ip  betw een th e  d a ta  in  which th e  im p lic a tio n s  were in f e r r e d .
The q u e s tio n  o f  w hether o r no t th e  im p lic a tio n  were c o r re c t  was no t 
c o n s id e re d ; o n ly  t h a t  th e  re a so n s  in fe r r e d  an im p lic a t io n , e . g . ,
"a s  th e  w ate r moves out o f  th e  c e l l ,  i t s  volume and s iz e  w il l  s h r in k ,"

C ategory  IV: Reasons in  which th e  s tu d e n ts  v e rb a liz e d  a r e l a t io n 
sh ip  between th e  d a ta  and gave an im p lic a tio n . The im p lic a tio n  may 
have been in c o r r e c t  due to  f a u l ty  r e la t io n s h ip s  betw een the  d a ta  and 
e v e n ts ,  b u t th e  re a so n s  were ev idence th a t  th e  s tu d e n ts  used a  hyno- 
th e t ic o -d e d u c t iv e  scheme, e . g . ,  "on ly  c e l l  one has a sm a lle r  c o n c e n tra tio n  
in s id e ,  w ater moves to  a h ig h e r  c o n c e n tra t io n , th e re fo re  c e l l  one w i l l  
s h r in k ."

The sample o f s u b je c ts  used f o r  t h i s  a  p o s te r i o r i  in v e s t ig a t io n  

was o b ta in ed  by a s s ig n in g  a number to  each s u b je c t  in  th e  e n t i r e  

p o p u la tio n  o f b io lo g y  and p h y s ic s  sam ples, and random ly s e le c t in g  30 

s u b je c ts  from each  sam ple. The rea so n s  subm itted  by th e se  two sub

sam ples f o r  re sp o n ses  on th e  10 fo rm al t e s t  item s in  each s u b je c t  

c o n te n t ex am in atio n  were c a te g o r iz e d  acco rd in g  to  th e  c l a s s i f i c a t i o n  

scheme p re se n te d  above,

The re a so n  th a t  c o n c re te  t e s t  item s could no t be used was be

cause th e  e x p la n a tio n s  found in  c a te g o r ie s  I I I  and IV would n o t be 
re q u ire d  f o r  s tu d e n ts  to  e x p la in  t h e i r  re sp o n ses  to  th e se  t e s t  ite m s .

S ince  fo rm al t e s t  item s do re q u ire  th e  k in d s  o f re a so n s  found in  a l l  
o f th e  c a te g o r ie s ,  th e  10 fo rm al item s from each s u b je c t  m a tte r  t e s t  
were used to  sample th e  re a so n s  and c l a s s i f y  them in to  th e  fo u r  

c a te g o r ie s .

The p ro ced u re  was to  p ic k  th e  f i r s t ,  t h i r d  and fo u r th  d i g i t  
to  e n t r i e s  in  th e  second and fo u r th  l in e s  on th e  t h i r d  and f i f t h  
columns in  a ta b le  o f random numbers u n t i l  30 s u b je c ts  in  each samnle 
were s e le c te d .  The ta b le  used was tak en  from C.R.C. S tandard  Mathe
m a tic a l T a b le s , op. c i t . ,  p p . 237-243.
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T ab les  14 and 15 show th e  r e s u l t s  o f  th e  c a te g o r iz a t io n  o f  
re a so n s  f o r  re sp o n ses  on th e  10 form al t e s t  item s,

TABLE 14

FREQUENCY OP CATEGORIES OP REASONS GIVEN ON FORMAL 
TEST ITEMS s BIOLOGY SAIfPLE

C ateg o ry / Item 2 3 4 7 9 13 14 15 11 20 95

N 4 3 0 6 7 4 11 8 11 6 20
I 1 0 2 1 3 1 2 2 0 1 4

I I 10 11 17 11 12 12 8 11 4 9 35
I I I 7 12 6 9 6 8 8 6 8 8 25
IV 8 5 5 3 2 5 4 3 6 6 16

TABLE 15

FREQUENCY OF CATEGORIES OF REASONS GIVEN ON FORMAL 
TEST ITEMSs PHYSICS SAMPLE

C ateg o ry /item 6 9 10 11 13 14 15 16 18 20 K>

N 4 3 10 3 1 6 4 5 5 8 16
I 2 3 0 0 1 0 2 0 0 0 3

I I 9 9 2 5 6 7 8 5 7 6 21
I I I 7 6 3 8 10 6 8 8 11 4 24
TV 8 9 15 14 12 11 8 12 6 12 36

The frequency  o f achievem ent le v e ls  on one P ia g e tie n  ta s k  
was o b ta in ed  by rev iew ing  the  d a ta  accum ulated when th e  s u b je c ts ' 

le v e l  of m ental developm ent were a s se s se d . Only th o se  re sp o n ses  on 
th e  s e p a ra t io n -o f -v a r ia b le s  ta s k  were used f o r  making th e  com parison 
w ith  th e  c a te g o r iz a t io n  o f re a so n s . T h is  ta s k  was s e le d te d  because 
i t  was co n sid e red  to  be le s s  co n ten t o r ie n te d  than th e  o th e rs  and
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th e r e fo re  not as  l ik e ly  to  be in flu en ced  by p r io r  knowledge o f 

m a te r ia l  co n ta in ed  in  th e  t a s k .  The e n t i r e  p o p u la tio n s  o f th e  
b io lo g y  and p h y s ic s  sam ples were used to  o b ta in  th e  number o f resp o n 
ses  on th e  P ia g e tia n  ta s k .  The r e s u l t s  a re  re p o rte d  in  T able 16,

TABLE 16
FREQUENCY OF ACHEVEMENT LEVELS ON 

SEPARATION OF VARIABLES TASK

Sample IIA IIB IIIA II IB

Biology 5 (6 )* 41 (46) 25 ( 28) 18 (20)

P h y sics 1 (1) 14 (24) 19 (32) 25 (42)

a Number in  p a re n th e s is  a re  p e r  c e n ts  o f t o t a l  sample

H istogram s of th e  c a te g o r iz a t io n  o f e x p la n a tio n s  were 

drawn f o r  each t e s t  itera^^ and a com posite o f a l l  te n  t e s t  item s.

The h istog ram s o f the com posites o f the  te n  t e s t  item s and p e r  

c e n ts  o f achievem ent le v e ls  on th e  s e p a ra t io n -o f -v a r ia b le s  ta s k  
f o r  each su b je c t sample were drawn on th e  same page in  o rd e r  to  
compare th e  shapes o f the two graphs. U nless d es ig n a te d  o th e rw ise , 
th e  v e r t i c a l  end h o r iz o n ta l  axes r e p re s e n t th e  frequency  o f respon
se s  and le v e ls  o f  resp o n ses  r e s p e c t iv e ly .

The form al item s on th e  b io logy  exam ination  a re  2 , 3,
4 , 7» 9» 11» 13» 14» 15» 17 and 20, The form al item s on th e  p h y s ic s  
exam ination  a re  6 , 9» 10 , 11, 13, 14, 15, 16, 18, and 20,



54

FIGURES 1 -6 ' 

histograms OF FORMAL ITEMS FOR BIOLOGY SAMPLE
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FIGURES 7-10

HISTOGRAMS OF FORI<!AL ITEMS FOR BIOLOGY SAieLE (c o n tin u e d )

15-

10 10 -

I  I I  I I I  IV N I  I I  I I I  IVN

F ig u re  7 : Item  4 F igu re  8 : Item 11

15-

10 - •10

N I  I I  . I I I  IVN I  I I  I I I  IV

F ig u re  9* Item 13 F ig u re  10: Item 20



56

FIGURE 11

A COMPARISON OP CATEGORY OF RESPONSES ON FORMAL ITEMS 
WITH LEVELS OF ACHIEVEMENT ON SEPARATION OF VARIABLES
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FIGURES 12-17 

HISTOGRAMS OP FORMAL ITEt^S FOR PHYSICS SAMPLE

10 -

F ig u re  12* Item  6

15

10 .

N I  I I  I I I  IV

10

N I  I I  I I I  IV

F ig u re  13* Item 9

10

N I  I I  I I I  IV

F ig u re  14* Item  11 F igu re  15* Item 13

15

10 -

N I  I I  I I I  IV

10.

N I  I I  I I I  IV

F ig u re  16* Item  I 5 F ig u re  17* Item  16



58
FIGURES 18-21

HISTOGRAMS OF FORMAL ITEMS FOR PHYSICS SAI-ÎPLB (co n tin u e d )
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FIGURE 22

A COMPARISON OF CATEGORY OF RESPONSES ON FORMAI ITEMS 
WITH LEVELS OF ACHIEVEMENT ON SEPARATION OF VARIABLES

P h y sics  Sample
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Summary o f P e s u its  

The shapes o f th e  h is to g ram s f o r  th e  com posite o f  a l l  te n  
fo rm al item s and th e  le v e ls  o f  achievem ent o f  the s e p a ra t io n - o f -  

v a r ia b le s  ta s k  f o r  each  sample were q u i te  s im i la r .  The o n ly  d i f f e r 
ence appears  in  th e  C ategory  N p o r tio n  o f th e  g rap h s . S ince  th e  

l e v e l s  o f  achievem ent on th e  P ia g e tia n  ta s k  d id  no t a llow  f o r  a 

"n o -resp o n se"  c a te g o iy , a  com parison o f t h i s  ca teg o ry  was n o t 

p o s s ib le .  O therw ise th e  r e l a t i v e  p e r  c e n ts  o f  re sp o n ses  in  each 

c a te g o ry  and le v e l s  o f achievem ent on th e  P ia g e tia n  ta s k  d id  n o t 

v a ry  more than  11^ f o r  each sam ple. T his d e v ia t io n  o f p e r  c e n ts  

f o r  each C ategory of e x p la n a tio n  and le v e l s  o f  achievem ent can be 
seen  from th e  fo llo w in g  t a b l e ,

TABLE 17

COMPARISON OF PER CENT OF RESPONSES IN EACH CATEGORY AÎJD LEVEL
OF ACHIEVEMENT

B iology Sample

C atego ry /L evel N I /I IA I I / I I B I I I / I I I A IV /IIIB

10 Formal Item s 20 4 35 25 16

S e p a ra t io n -o f -  
V a ria b le s  Task

6 46 28 20

D ev ia tio n —— Î2 -11 -3 -4

P h y sic s  Sample

C ategory /L eve1 N I /I IA I l / I I B I I I / I I I A IV /lI IB
10 Formal Item s 16 3 21 24 36

S ep ara t io n -o f -  
V a ria b le s  Task

2 24 32 42

D ev ia tio n ±1 ±3 ta te

The com parison o f  re sp o n se s  in  each  c a te g o ry  and le v e l  o f 
achievem ent found in  Table 17 a lso  re v e a ls  which le v e l  had th e  h ig h e s t
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p e r  cen t o f  r e sco n se s , Di th e  b io lo g y  samnle th e  h ig h e s t  n e r  cen t o f 
re sn o n se s  f e l l  in  ca teg o ry  I I  (35^) and le v e l  IIB  ( 46^ ) .  The s im i l 
a r i t y  o f th e se  two f re q u e n c ie s  o f re sp o n se s  would in d ic a te  t h a t  ca teg o ry  
I I  e x p la n a tio n s  were c h a r a c t e r i s t i c  o f  c o n c re te  o p e ra t io n a l  th in k e r s .  

F u rth e rm o re , th e  h ig h e r  frequency  o f  th e  le v e l  would su p p o rt th e
IPcla im  th a t  most o f  th e  s tu d e n ts  in  b io lo g y  a re  co n cre te  o p e ra t io n a l .

The r e s u l t s  o f th e  p h y s ic s  sample show a h ig h e r  p e r  cen t o f  

I I IB  re sp o n ses  (42^) and c a te g o ry  IV e x p la n a tio n s  (3 6 ^ ), S ince 

I I IB  i s  a fo rm al o p e ra t io n a l  le v e l  o f  achievem ent, t h i s  would in d ic a te  
t h a t  c a te g o ry  IV was th e  k ind  o f e x p la n a tio n  expected  o f  form al 

o p e ra t io n a l  th in k e r s .  F u rth erm o re , th e  frequency  o f  re sp o n ses  a t  
th e s e  two le v e l s  (c a te g o ry  IV and II IB )  would sup p o rt th e  c la im  th a t  
m ost o f  th e  s tu d e n ts  in  h igh  schoo l p h y s ic s  a re  o p e ra tio n  a t  th e  form al 

o p e ra t io n a l  l e v e l ,
In  sum, th e  r e s u l t s  o f  t h i s  a  p o s te r i o r i  in v e s t ig a t io n s  would 

in d ic a te  t h a t  c a te g o r iz a t io n  o f  w r i t te n  e x p la n a tio n s  f o r  re sp o n ses  
on fo rm al t e s t  item s a re  p o s s ib le  and ap p ear t c  have e d u c a tio n a l 
m e r i t .  The e x p la n a tio n s  s tu d e n ts  g iv e  can be r e a d i ly  c l a s s i f i e d  in to  
l e v e l s  acco rd in g  to  what in fo rm a tio n  in  th e  t e s t  q u e s tio n s  i s  used and 

how i t  i s  a p p lie d  to  e x p la in  t h e i r  re sp o n se s , u t i ly z in g  th e  c a te 
g o r ie s  o f le v e l s  o f  e x p la n a tio n s ,  a  f i r s t  approx im ation  f o r  id e n t i fy in g  

fo rm al and c o n c re te  o p e ra t io n a l  th in k e r s  can be made. I t  should  be

p o in te d  o u t th a t  th e se  c a te g o r ie s  do no t n e c e s s a r i ly  re p re s e n t  th e  ' »
same g e n e tic  sequences o f i n t e l l e c t u a l  developm ent d esc rib ed  by 

P ia g e t .  The c a te g o r iz a t io n  o f  w r i t t e n  e x p la n a tio n s  may, however, 
p ro v id e  an a l t e r n a te  method o f id e n t i fy in g  le v e ls  o f  m ental developm ent 

u s in g  n o n -P ia g e tia n  ta s k s .

^^For t h i s  s tu d y  63^ o f th e  s u b je c ts  in  th e  b io lo g y  sample 
w as found to  be c o n c re te  o p e ra t io n a l ,

^^The p e r  c e n t o f p h y s ic s  s u b je c ts  in  t h i s  s tu d y  was found 
to  be 66^ fo rm al o p e r a t io n a l .



CHAPTER IV

CONCLUSIONS, RECOMMENDATIONS AND QUESTIONS FOR FURTHER. STUDY

The p rim ary  o b je c tiv e  o f  t h i s  stu d y  was to  determ ine i f  a 

s tu d e n t ’ s re sp o n ses  on m u ltip le -c h o ic e  item s r e f l e c t  u n d ers tan d in g  
o f  form al and co n c re te  co n cep ts  and i f  th a t  u n d e rs ta n d in g  was 
commensurate w ith  th e  s tu d e n t 's  le v e l  o f  m ental developm ent. The 

problem  was to  f in d  th e  r e la t io n s h io  among th e  reaso n s g iven  f o r  
s e le c t in g  a p a r t i c u l a r  re sp o n se , th e  le v e l  o f  concep te  used in  

th e  item s, and th e  th in k in g  le v e l s  o f  th e  s tu d e n ts .  These r e l a t io n 
s h ip s  th en  would determ ine which co n cep ts  cou ld  be understood  by 

fo rm al and co n c re te  o p e ra tio n a l  th in k e rs .

Three n u l l  hypo theses were fo rm ula ted  ar.d t e s t e d .  T able 18 

l i s t s  each h y p o th e s is , th e  r e s u l t s  o f  the  s t a t i s t i c a l  tre a tm e n t o f  

th e  d a ta  found , and th e  d e c is io n  made.

62
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TABLE 18

SUMMARY OF RESULTS AND DECISION MADE FOR BACH HYPOTHESIS

So^* There i s  no c o r r e la t io n  between th e  sc o re s  made on th e  
m u lt ip le —choice  t e s t  and th e  number o f c o r re c t  reaso n s  

g iven  f o r  fo rm al and c o n c re te  t e s t  item s by form al 
o p e ra tio n a l  s u b je c ts .

R esu lts* Formal o p e ra tio n a l  s tu d e n ts  were ab le  to  c o r r e c t ly  
respond to  bo th  fo rm al and co n c re te  t e s t  item s by 

g iv in g  a s ig n i f i c a n t  number o f v a l id  rea so n s  t h a t  
could  e x p la in  t h e i r  answ ers.

D ecisions R e jec t th e  n u l l  h y p o th e s is  and accep t th e  a l t e r n a te  
h y p o th esis .®

HogS There i s  no c o r r e la t io n  between th e  sc o re s  made on th e  

m u ltip le —choice t e s t  and th e  number o f c o r re c t  rea so n s  
g iven  f o r  fo rm al t e s t  item s by co n c re te  o p e ra tio n a l 
s u b je c ts .

R esu lts* Concrete o p e ra tio n a l s tu d e n ts  were n o t ab le  to  respond 

c o r r e c t ly  to  form al concept item s as dem onstra ted  by a 

s ig n i f i c a n t  number o f in c o r re c t  o r  no re a so n s  g iven  to  
th e se  item s.

D ecisions Accept th e  n u l l  h y p o th e s is .

Ho^s There i s  no c o r r e la t io n  between the  sco re s  made on th e  

m u ltip le -c h o ic e  t e s t  and th e  number o f c o r re c t  reaso n s 
g iven  f o r  c o n c re te  t e s t  item s by co n c re te  o p e ra tio n a l 
s u b je c ts .

R esu lts* C oncrete o p e ra tio n a l s tu d e n ts  were ab le  to  respond cor-' 
r e c t l y  to  co n c re te  item s and were ab le  to  g ive  a  s ig n i 
f ic a n t  number o f c o r re c t  re a so n s  th a t  ex p la in ed  t h e i r  
re sp o n se s .

D ecisions R e jec t th e  n u l l  h y p o th e s is  and accep t th e  a l t e r n a te  
h y p o th e s is .^

^ h e  a l t e r n a te  h y p o th e s is  s t a t e s  t h a t  th e re  i s  a p o s i t iv e  
c o r r e la t io n  . . .  f o r  form al and co n c re te  item s . . .  by fo rm al o p e ra tio n a l 
s u b je c ts .

^The a l t e r n a te  h y p o th e s is  s t a t e s  t h a t  th e re  i s  a p o s i t iv e  
c o r r e l a t io n a l  . . .  f o r  c o n c re te  item s . . .  by co n c re te  o p e ra tio n a l  s u b je c ts .
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C onclusions

The fo llo w in g  co n c lu s io n s  are  made as  a  r e s u l t  o f th e  f in d in g s  

o f  t h i s  study*
1. Those b io lo g y  and p h y s ic s  s u b je c ts  who were found to  be 

co n c re te  o p e ra t io n a l  do n o t e x h ib i t  th e  c a p a c ity  to  u n d erstan d  
form al co n cep ts . These s tu d e n ts  were un ab le  to  develop  a h y p o th e tic o -  
d ed u c tiv e  scheme th a t  could  be used to  c o r r e c t ly  e x p la in  t h e i r  re sp o n ses  
to  form al t e s t  i te m s . T h e ir  resp o n ses  to  th e se  t e s t  item s rev ea led  
e i t h e r  a dependency on p re s e n t  r e a l i t y  as th ey  r e s o r te d  co n c re te

d a ta  g iv en  in  th e  t e s t  item  as  p ro o f o f t h e i r  e x u la n a tio n s  o r  th a t  
th ey  guessed th e  answ ers and could  not g ive  a w r i t te n  e x p la n a tio n ,

2. C oncrete o p e ra t io n a l  th in k e rs  in  bo th  sam ples a re  a b le  to  

u n d erstan d  th e  m eaning o f co n c re te  c o n c ep ts . The s ig n i f i c a n t  p o s i t iv e  

c o r r e la t io n  between s c o re s  and c o r re c t  re a so n s  g iv e n  to  co n c re te

t e s t  item s re v e a le d  th a t  co n c re te  o p e ra t io n a l  th in k e r s  p o ssessed  

id e a s  th a t  enab led  them to  develop the  meaning o f c o n c re te  co n ce p ts ,

3, Formal o p e ra t io n a l  th in k e rs  in  both  sam ples p o s s e s s  th e  m ental 

a b i l i t i e s  to  u n d e rs tan d  th e  meaning o f a b s t r a c t  o r fo rm al and co n c re te  
co n cep ts . The rea e o n s  g iv en  f o r  resp o n ses  on fo rm al and co n c re te  
t e s t  item s showed th a t  th e se  th in k e rs  were a b le  to  e x p re ss  t h e i r  

id eas  in  an i f  , , ,  t h e n . , , ,  th e re fo re  , , ,  re a so n in g  scheme to  reach  
v a l id  c o n c lu s io n s ,

4, O b jec tiv e  t e s t s  can p ro v id e  a v a l id  m easure o f  u n d e rs tan d in g
o f form al and c o n c re te  co n cep ts  i f  th e  o p e ra t io n a l  le v e l  o f  each s tu d e n t 
i s  known. Those s tu d e n ts  who can s u b s ta n t ia te  t h e i r  re sn o n ses  to  

form al and co n c re te  concen t item s a re  o p e r a t i  hg a t  th e  form al le v e l  
and th e  t e s t  s c o re s  a re  a v a l id  measure o f  u n d e rs ta n d in g  th e  meaning 

o f th e se  co n c ep ts . O b jec tiv e  t e s t  sc o re s  o f co n c re te  o p e ra tio n a l 

th in k e rs  do not r e f l e c t  u n d e rs tan d in g  o f fo rm al co n cep ts  because th e se  

th in k e rs  can no t g iv e  v a l id  e x p la n a tio n s  f o r  t h e i r  re sp o n se s . C oncrete 

o b je c tiv e  t e s t  q u e s t io n s ,  however, can be used  to  measure u n d e rs ta n d in g  

o f th e se  co ncep ts  by co n c re te  o p e ra tio n a l th in k e r s .
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Re c omme nd a t  i  obb

T h is  in v e s t ig a to r  b e l ie v e s  th a t  th e  fo llo w in g  g e n e ra l 
recom m endations to  h igh  sch o o l te a c h e r s  a re  w arran ted ,

1 , An i n i t i a l  in d ic a t io n  of a s tu d e n t 's  le v e l  o f  m ental 
developm ent can be o b ta in ed  by u s in g  one P ia g e t ia n  t a s k ,  th e  
c o n se rv a tio n  o f volume. T h is  t a s k  i s  r e l a t i v e l y  sim ple t o  admin
i s t e r  and th e  re sp o n se s  a re  e a s i l y  c a te g o riz e d  in to  c o n c re te  and 

fo rm al o p e ra t io n a l  l e v e l s .  The r e s u l t s  from a d m in is te r in g  th i s  

t a s k  e a r ly  in  th e  schoo l y e a r  can p ro v id e  te a c h e r s  w ith  in fo rm a tio n  

t h a t  w i l l  h e lp  f i t  th e  s u b je c t  m a tte r  c o n te n t to  th e  le v e l  o f  th e  

l e a r n e r .  At th e  same tim e , t h i s  in fo rm a tio n  can p ro v id e  te a c h e rs  

w ith  a y a r d s t ic k  f o r  d e te rm in in g  which co n cep ts  a o a r t i c u l a r  

l e a r n e r  can s u c c e s s fu l ly  i n t e r a c t  w ith  in  a t e s t i n g  s i t u a t i o n ,

2. When o b je c t iv e  t e s t s  a re  u sed , te a c h e r s  should  id e n t i f y  

th e  le v e l  o f  co n cep ts  found in  th e  t e s t  item s. T his can be • 

accom nlished by answ ering th e  fo llo w in g  q u e s tio n s  f o r  each  t e s t  

item ,
a) Does th e  q u e s tio n  ask  f o r  co n c re te  d a ta  t h a t  can be 

r e a d i ly  sensed  from in fo rm a tio n  g iven  or developed from f i r s t - h a n d  
ex o e rien o e?  I f  so , t h i s  i s  a  c o n c re te  concent item  and one which 
c o n c re te  o p e ra t io n a l  th in k e rs  can s u c c e s s fu l ly  respond  t o ,

b ) . Does th e  q u e s tio n  r e q u ire  th e  c o n s tru c t io n  o f a p o s t

u la to ry -d e d u c tiv e  scheme in  o rd e r  to  draw in fe re n c e s  and make 

g e n e r a l iz a t io n s ?  T h is  i s  a fo rm al concent item  and one w ith  which 

fo rm al o p e ra t io n a l  th in k e rs  can i n t e r a c t .
The fo llo w in g  recom m endations a re  made to  b io lo g y  and 

n h y s ic s  te a c h e r s  who p la n  to  use o b je c tiv e  ex am in a tio n s  t o  measure 

concent u n d e rs ta n d ,

1 , S ince th e  m a jo r i ty  o f  s tu d e n ts  in  th e  b io lo g y  sample o f 

t h i s  s tu d y  was found to  be c o n c re te  o p e ra t io n a l ,  ex am in a tio n s  
w r i t te n  f o r  th e se  th in k e rs  should  c o n ta in  many more c o n c re te  

concent item s th a n  fo rm al.
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2, E xam inations w r i t te n  f o r  p h y s ic s  s tu d e n ts  shou ld  c o n ta in  

more fo rm al concep t item s th an  c o n c re te  because p h y s ic s  te a c h e r s  
can expect to  f in d  app ro x im ate ly  65^  o f t h e i r  s tu d e n ts  fo rm al oper

a t io n a l .
3, The le n g th  o f  th e  o b je c t iv e  ex am inations f o r  b o th  s u b je c t  

a re a s  should  be c o n s tru c te d  so th a t  th e  s tu d e n ts  do n o t have to  

respond to  more th a n  20 item s,
4, When fo rm al concept item s a re  used  in  th e  o b je c t iv e  t e s t s ,  

th e  s tu d e n ts  sh o u ld  be asked to  g ive a w r i t te n  e x n la n a tio n  f o r  each 

o f t h e i r  re sp o n ses  to  th e se  ite m s. The number of item s in  th e  ex

am in a tio n s  shou ld  be reduced  to  l e s s  th an  20 item s i f  t h i s  i s  done.

A f i n a l  recom m endation i s  made to  b io lo g y  te a c h e r s  concern ing  
th e  le v e l  o f  c o n te n t found in  most tex tb o o k s  used in  h ig h  sch o o l.

The m a jo rity  o f m a te r ia l  found in  B io lo g ic a l S cience C urriculum  

Study t e x t s  and o th e r  c u r re n t  tex tb o o k s  rev iew ed by t h i s  in v e s t ig a to r  

c o n ta in  fo rm al co n c e p ts . These concep ts  a re  in a p p ro p r ia te  f o r  
co n c re te  o n e ra t io n a l  th in k e r s .  I f  th e se  co n c re te  l e a r n e r s  a re  to  

be su c c e s s fu l  in  d ev e lo p in g  u n d e rs tan d in g  o f  fo rm al co n c e n ts , 
te a c h e rs  must p re s e n t  the  m a te r ia l  in  th e  p ro n e r  sequence in  o rd er 
to  h e lp  le a d  th e s e  le a rn e r s  from co n cre te  to  form al th in k in g  p a t te r n s .

S u g g estio n s  f o r  F u r th e r  Study 
The fo llo w in g  h y p o th esized  g u id e l in e s  f o r  ju d g in g  th e  

o p e ra t io n a l  le v e l  o f th in k e rs  based  on t h e i r  w r i t te n ,e x p la n a t io n s  
to  form al t e s t  item s need to  be in v e s t ig a te d .

1 , S tu d e n ts  who do no t g iv e  a w r i t te n  e x p la n a tio n  o r  s t a t e  
th a t  th ey  guessed  a re  o p e ra tin g  a t  th e  p re -c o n c re te  l e v e l .

2, S tu d e n ts  who r e p o r t  c o n c re te ;d a ta  from th e  t e s t  IteA b a s  

p ro o f o f t h e i r  e x p la n a t io n s 'a r e  c o n c re te  O p e ra tio n a l.
3, S tu d e n ts  who make in fe re n c e s  th a t  le a d  to  c o r r e c t  resp o n ses  

b u t do n o t g ive  a com plete s ta tem e n t o f e x p la n a tio n  a re  b eg in n in g  

form al o p e ra t io n a l .
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4 . S tu d en ts  who a re  ab le  to  g iv e  e x p la n a tio n s  th a t  show 
im p lic a tio n s  based on a p o s tu la to ry -d e d u c tiv e  scheme and to  v e rb a l iz e  
t h i s  scheme a re  fo rm al o p e r a t io n a l .

The t e s t  o f  s ig n if ic a n c e  between p o s i t iv e  c o r r e la t io n s  o f 
b io lo g y  and p h y s ic s  sam ples o f t h i s  s tudy  was perform ed and rep o rted *  

s e e .  Table 13 , p . 39* An in s p e c tio n  o f th o se  p o s i t iv e  c o r r e la t io n s  
w ith in  each san«ple (T ab les  11 and 1 2 ), based on th e  r e s u l t s  o f  th e  
t e s t  o f s ig n if ic a n c e  perfo rm ed , shows th a t  th e  d if fe re n c e  between 

th e  c o r r e la t io n s  w ith in  th e  b io lo g y  sample ( .8 2  and ,8 8 ) i s  no t s ig n i 
f i c a n t ,  The d if f e re n c e  between th e  c o r r e la t io n s  o f s u b je c ts  w ith in  

th e  p h y s ic s  sample ( .7 9  f o r  c o n c re te  th in k e rs  and ,9 4  f o r  fo rm al 
th in k e r s ) ,  however, prove to  be s ig n i f i c a n t  a t  th e  ,05  l e v e l  o f  con

f id e n c e . S ince both  o f th ese  c o r r e la t io n s  were between t e s t  s c o re s  

on co n c re te  item s and reaso n s  g iven  by co n c re te  and form al o p e ra tio n a l 

s u b je c ts  and were found to  be p o s i t iv e  a t  th e  ,005 l e v e l ,  t h i s  would 

im ply th a t  fo rm al o p e ra tio n a l th in k in g  f a c i l i t a t e s  th e  u n d e rs ta n d in g  
o f co n cre te  co n c e p ts . An in  d ep th  s tu d y , th e r e f o r e ,  needs to  be 
conducted between th o se  p o s i t iv e  c o r r e la t io n s  re p o rte d  w ith in  th e  
p h y s ic s  sample o f t h i s  s tu d y . T h is  study  could determ ine w hether 

o r n o t form al th o u g h t en ab le s  fo rm al o p e ra tio n a l  th in k e rs  to  under
s tan d  co n c re te  co n cep ts  from a d i f f e r e n t  f ra m e -o f- re fe re n c e  than  
c o n c re te  o p e ra t io n a l  th in k e r s .

A nother su g g es tio n  f o r  f u r th e r  s tudy  a r i s e s  from th e  o u e s t ion  
as  to  why some co n c re te  o p e ra t io n a l  s tu d e n ts  (n o t a s ig n i f i c a n t  

number) were ab le  to  make c o r r e c t  re sp o n ses  to  co n cre te  c o n c e p t. 

item s bu t could  n o t g ive  a w r i t te n  e x p la n a tio n . T his was a ls o  

found to  be t ru e  f o r  form al o p e ra tio n a l  s u b je c ts  resp o n d in g  to  
fo rm al t e s t  ite m s. A ccording to  t h i s  s tu d y , co n c re te  th in k e r s  and 

form al th in k e rs  a re  ab le  r e s p e c t iv e ly  to  u n d ers tan d  form al and 

co n c re te  co n cep ts . A p p aren tly , th e  a b i l i t y  o f  some form al th in k e rs  

to  respond to  fo rm al item s and some co n cre te  th in k e rs  to  respond 

to  c o n c re te  t e s t  item s and th e  a b i l i t y  o f each  to  ex p re ss  in  w r i t in g
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a v a l id  e x p la n a tio n  f o r  h i s  cho ice  a re  n o t the same m ental o p e ra tio n  

f o r  a l l  form al and c o n c re te  o n e ra tio n a l  s tu d e n ts .  The f a c t  th a t  
e x p o s ito ry  w r i t in g  may he a fo rm al o p e ra tio n  o b v io u sly  not com plete ly  

developed by c o n c re te  th in k e rs  and th e  developm ent o f t h i s  p ro cess  
p o s s ib ly  impeded f o r  some, form al th in k e rs  needs to  be ex p lo red .

The q u e s tio n  a s  to  w hether o r not form al and co n c re te  

co n cep ts  can be id e n t i f i e d  in  non -sc ien ce  su b je c t a re a s  needs to  be 

answ ered. Answers to  t h i s  q u e s tio n  can u ro v id e  in fo rm a tio n  th a t  

may b r in g  th e se  s u b je c ts  in  l in e  w ith  th e  p ro g re ss  made in  th e  

i d e n t i f i c a t i o n  and a p p l ic a t io n  o f  concep ts  in  s c i e n t i f i c  su b je c t 

c o n te n t.
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APPENDIX I  

S u b jec t M atte r Exam inations



BIOLOGY EXAMINATION

D ir e c t io n s * S e le c t  th e  l e t t e r  th a t  co rresp o n d s to  th e  "best an
sw er to  th e  t e s t  item  and mark i t  on th e  answer s h e e t .  Give a 
w r i t te n  re a so n (s )  in  th e  space below th e  item  th a t  can e x o la in  
y ou r ch o ice . I f  you a re  unab le to  g ive  a re a so n , but th in k  you 
know th e  answ er, mark th e  answ er s h e e t .  T h is  exam ination  w il l  
n o t e f f e c t  your g rade in  b io lo g y ,

1, What m a g n if ic a tio n  would l e t  you see th e  most param ecia a t  one 
tim e?
a) 50x b) lOOx c) 200x d) 400x 

reason*  (c o n c re te  73 . 62)^

The fo llo w in g  fo u r  q u e s tio n s  a re  based on th e  in fo rm atio n  below,

A 2500-sa u a re -m ile  a re a  was mapped as  fo llo w s . Four k in d s  o f p la n t s  
a re  shown by th e  l e t t e r s  M, 0 , X, and Y ,

I
€
&

"_________ f  /  * I z
, I f  each  M re p re s e n ts  a s in g le  p la n t ,  what i s  th e  d e n s ity  o f M in  

th e  a rea?th e  a rea?  

a) 1 p e r  10 sq u a re -m ile s  

c) 1 p e r  50 sq u a re -m ile s  
re a s o n ; ( fo rm al 39 «61)

b) 1 p e r  25 sq u a re -m ile s  
d) 1 p e r  500 sq u a re -m ile s

3, I f  th e re  were on ly  a t o t a l  o f  25O p la n ts  in  th e  a r e a ,  th e  d e n s ity  
o f th e se  p la n t s  would be most n e a r ly
a) 1 p e r  sq u a re -m ile , b) 5 p e r  sq u a re -ra ile ,
c) 1 f o r  every  5 sq u a re -m ile , d) 1 f o r  every  10 so u a re -m ile ,

r e a s o n s (fo rm al 53 ,29 )

4 , Which p la n t  seems b e s t adao ted  to  c o n d itio n s  of th e  e n t i r e  a re a?  
a) M b) 0  c) X d) Y

reason*  (fo rm al 32 ,6 l )

In fo rm atio n  lo c a te d  h ere  and below in d ic a te s ;  le v e l  o f co n cen t, 
d i f f i c u l t y  in d ex , and in te m a l- c o n s is te n c y  index ,

72
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5, Which p la n t  ap p ears  to  r e q u ire  th e  most m o istu re?  
a) M h) 0  c) X d) Y

re a so n I (c o n c re te  84 .2 0 )

6 , What i s  th e  a re a  o f a p lo t  60 f e e t  by 60 f e e t?  

a ) 120 f t ^  b)
reason* ( co n cre te

360 f t '^  c)

69 .59)
1200 f t '^  d) 3600 f t '

The n ex t f iv e  q u e s tio n s  a re  based on th e  fo llo w in g  info im iation  and 
diagram s o f 3 c e l l s  in  a  w e te r-su g a r  s o lu t io n .

The d o ts  show su g a r  m olecu les which cannot p ass  th rough  th e  c e l l  
membrane.

0

1 ' 2 3 "
7 , I n to  which c e l l ( s )  w i l l  th e  most w ater m olecu les d if fu s e ?  

a) 1 only  b) 2 on ly  c) 1 and 2 o n ly  d) 1 , 2 and 3

re a so n * (fo rm al 38 ,55 )

8 , In  which c e l l ( s )  would th e r e  be an eq u al exchange o f w ate r m olecu les?
a) 1 on ly  b) 2 only  c) 3 on ly  d) a l l  o f them

re a so n * (c o n c re te  68 , l 8 )

9 , Which c e l l ( s )  w i l l  s h r in k  in  s iz e ?
a) 1 on ly  b) 2 on ly  c ) 3 only  d) a l l  o f them

re a so n * (fo rm al 43 .31 )

10, In  which c e l l ( s )  w i l l  no change in  s iz e  occur?

a) 1 only  b) 2 on ly  c ) 3 only  d) 1 and 2 

re a so n * (c o n c re te  63 ,1 0 )

11, I f  th e  d o ts  were s a l t  m olecu les th a t  could  move th ro u g h  th e  c e l l  
membranes, th e  most s a l t  would move out in to  th e  w ater th rough  c e l l ( s )

a) 1 o n ly , b) 2 on ly , c) 3 on ly . d) 1 and 2.

reason* ( fo rm al 57 .5 2 )
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The nex t fo u r  q u e s tio n s  a re  based  on th e  fo llo w in g  experim ent w ith  
f la s k s  o f b ro th  t r e a te d  in  d i f f e r e n t  ways.

1 u n tre a te d  2 s t e r i l i z e d  3 s t e r i l i z e d  4 s t e r i l i z e d  5 s t e r i l i z e d

12. F la sk  1 se rv ed  as  a d i r e c t  c o n tro l  f o r  f l a s k

a) 2 . b) 3 . c ) 4 . d ) 5.

re a so n s (c o n c re te  53 .5 8 )

13. I f  organism s in  th e  b ro th  a re  k i l l e d  by s t e r i l i z a t i o n ,  th e y  w i l l  
appear f i r s t  in  f la s k

a) 1 . b) 2 . c )  3. d) 5.
re a so n s (fo rm al 36 .7 0 )

14. I f  no organism s appeared in  f la s k s  4 o r 5» th e  id ea  o f spontaneous 
g e n e ra tio n  would be
a) su p p o rted , b) u n su p p o rted , c) n o t a f f e c te d ,  d ) p roved .

re a so n s (fo rm al 52 .5 8 )

15. The h y p o th e s is  th a t  a l l  l i f e  comes from e x is t in g  l i f e  would be 
supported  i f  no organism s appeared in  f la s k s

a) 1 and 2. b) 2 and 3. c ) 3 and 4. d) 4 and 5 .

re a so n s (form al, 43 .3 2 )
I

The nex t fo u r  q u e s tio n s  a re  based  on th e  h y p o th e s is  t h a t  g land  X, Y, 
and Z in f lu e n c e s  one a n o th e r . They may do so as  fo llow s*

1. X—► Y —» Z

2. X<|
3. Z — * Y — ►X— *

4. Y —+ X — ►X—►
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16. When g land  X i s  rem oved, f i r s t  g land Y s to p s  fu n c tio n in g , then  
g land  Z s to p s .  T h is  su g g e s ts  p a t te r n

a) 1 . b) 2. c ) 3. d ) 4.

re a so n * (c o n c re te  60 .7 3 )

17. Gland Z i s  removed. S tim u la tio n  o f Y th en  cau ses X to  s e c re te .  
T h is  su g g e s ts  p a t t e r n
a) 1 . b) 2. c ) 3 . d ) 4.

re a so n * (c o n c re te  63 .6 o )

18 . I f  Y i s  removed and X and Z co n tin u e  to  fu n c t io n ,  t h i s  su g g es ts  
p a t t e r n

a) 1 . b) 2. c )  3. d ) 4 .

re a so n * (c o n c re te  52 .5 3 )

19. I f  Z i s  removed and X s to p s  fu n c tio n in g  t h i s  su g g es ts  p a t te r n  

a) 1 . b) 2. c )  3 . d ) 4.

reason* (c o n c re te  46 .5 5 )

20. The s im c le s t way to  f in d  th e  number o f in d iv id u a ls  in  a la rg e  
p o p u la tio n  i s  to

a) count a l l of them. b) tak e  a random sam ple.

c) count th e f i r s t  500. d) count a l l  in  a  sm all a re a .

reason* ( form al 20 .1 0 ) '

Key

1 . a 6 . d 11. b ' 16. a
2. d 7 . b 12. c 17. c
3. d 8 . c 13. a 18. b
4 . a 9. a 14. b 19. d
5. d 10. c 15. d 20. b



PHYSICS EXÜÎ-IINATION

The fo llo v in ff  fo u r  q u e s tio n s  a re  "based on th e  diagram s below and th e  
fo llo w in g  d e f in i t i o n s .  Accuracy r e f e r s  to  th e  c lo se n e ss  o f a m easure
ment to  th e  accep ted  v a lu e  f o r  a s p e c i f ic  p h y s ic a l  q u a n ti ty  and 
■precision i s  th e  agreem ent among s e v e ra l  measurem ents th a t  have been 
made in  th e  same way.

A B C D

1. S ix  s h o ts  were f i r e d  a t  each  t a r g e t .  In  which t a r g e t  was th e  
accuracy  good b u t th e  p r e c i s io n  poor?
a) A b) B c) C d) D

re a so n : (c o n c re te  54 . 65)

2. In  which t a r g e t  was th e  p r e c is io n  good b u t th e  accuracy  poor? 
a) A b) B c) C d) D

re a s o n : (c o n c re te  59 . 62 )

3. In  which t a r g e t  was th e  p r e c is io n  and accu racy  bo th  poor? 
a) A b) B c ) C d) D

re a s o n : (c o n c re te  90 .7 8 )

4. In  which t a r g e t  was th e  p r e c is io n  and accu racy  bo th  good? 

a) A b) B c) C d) D

re a so n : (c o n c re te  90 . 69)

In  th e  diagram s below th e  o b je c ts  a re  suspended by th e  w ire and a re
f re e  to  r o ta te

B GA D

76
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5 , I f  £  i a  th e  c e n te r  o f g r a v i ty  o f th e  o b je c ts ,  which o b je c t i s  
th e  l e a s t  s ta b le ?

a) A b) B c) C d) D

re a so n : (c o n c re te  89 .7 2 )

6 , Which o b je c t ( s )  r e p r e s e n t ( s )  s ta b le  e q u ilib riu m ?
a) A on ly  b) D only  c ) A and C d) C and D

re a so n : (fo rm al 32 .4 5 )

7 , Which square below has th e  g r e a te s t  d e n s ity  o f p a r t i c l e s ?

# # 1 ' " '
1 1

# 1 cm 2 cm # # 2mm •

1 1 T
A B

a) A b) B c) C 

re a so n : (c o n c re te  50 .6 1 )

C

d) D

8. Which two sq u ares  have th e  same d e n s ity ?

a) A and B b) A and C c) B and D d) C and D

re a s o n : (c o n c re te  72 .4 9 )

9. Which graph below i s  c lo s e s t  to  th e  v e lo c i ty  v e rsu s  tim e graph o f
a s tone  which i s  thrown s t r a ig h t  up a t  tim e t=0 and r e tu r n s  to
e a r th  a t  t= t^ ?

a

re a so n : (fo rm al 64 .38)

c) à)

10. What i s  th e  speed o f the  t i p  o f a  second hand 2 cm long?

a) ^ /3 0  cm/s b) ^ / l3  cm/s c) /Tcm/s d) 2 7T cm/s 
re a s o n : (fo rm al 63 .48 )
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11, Which v e c to r  r e p re s e n ts  th e  a c c e le r a t io n  o f th e  second hand t i p  
a t  12 O 'c lo ck ?
a) <  b)  c) d) i

re a so n : (fo rm al 36 . 28)

12, A c a r t  t r a v e l s  10 ,0  -  0 ,2  cm in  2 ,0  - 0 , 2  seconds. What i s  th e  
maximum speed o f th e  c a r t?

a) 4,6  cm/s b) 5 ,0  cm/s c) 5 ,4  cm/s d) 5,7  cm/s
re a so n : (c o n c re te  64 .5 3 )

The m otion o f a c a r t  i s  d e sc rib e d  in  th e  graph  below. The nex t th re e  
q u e s tio n s  a re  based on th e  d is ta n c e  v e rsu s  tim e g raph .

I I I
iz

13 , Which p o r t io n  o f th e  graph in d ic a te s  th e  g r e a te s t  average v e lo c i ty ?  
a) I  b) I I  c ) I I I  d) IV

re a so n : (fo rm al 41 .5 4 )

14, Which p e r io d ( s )  d u rin g  th e  c a r t s  m otion does/do  i t  have zero  
a c c e le ra t io n ?
a) I  only  b) I I I  o n ly  c ) I I  and I I I  d) I I I  and IV 

re a so n : (fo rm al 41 . 38) <

15 , I f  th e  c a r t  s t a r t e d  a t  r e s t ,  what i s  th e  f i n a l  v e lo c i ty  a t  th e  end 
o f fo u r  seconds?

a) 1,5  m /s b) 2,5  m/s c) 3 .0  m/s d) 3,5  m /s 

re a so n : (fo rm al 13 .2 4 )

16, A man drops a  b a l l  from a h e ig h t o f  6 f t  w hile r id in g  in  an e le v a to r .
Which f a c to r  w i l l  cause th e  s h o r te s t  tim e f o r  th e  b a l l  to  s t r i k e  th e
f lo o r  o f th e  e le v a to r?
a) e le v a to r  i s  r i s i n g  a t  a  c o n s ta n t speed
b) e le v a to r  i s  f a l l i n g  a t  a  c o n s ta n t speed
c) e le v a to r  i s  a c c e le r a t in g  upward
d) e le v a to r  i s  a c c e le r a t in g  downward

re a so n : (fo rm al 68 .3 2 )
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17 . Which graph o f  a  c a r  t r i p  helow does n o t re p re s e n t  a r e a l  s i tu a t io n ?

Z.o

b) c)a)
' ^ > ‘iîwie

d)

re a so n : (c o n c re te  95 .7 7 )

18 . An arrow  sho t v e r t i c a l l y  upward reach es  a h e ig h t o f  128 f t  d u r in g
th e  f i r s t  second on i t s  way to  a h ig h e r  a l t i t u d e .  What was i t s
i n i t i a l  v e lo c i ty ?
a) 128 f t / s  b) 132 f t / s  o) 144 f t / s  d) 160 f t / s  

re a s o n : (fo rm al 24 .3 7 )

19. A b a l l  i s  throw n v e r t i c a l l y  upward w ith  a v e lo c i ty  o f 24 m /s from
a f l a t c a r  moving h o r iz o n ta l ly  to  th e  r ig h t  w ith  a v e lo c i ty  o f 4 m /s.
Which p a th  o f th e  b a l l  w i l l  an o b se rv e r on th e  ground see?

0 ->

re a so n : ( co n cre te

c) d)

20. N eg lec tin g  wind r e s i s ta n c e ,  what i s  th e  d is ta n c e  th e  b a l l  w i l l  
t r a v e l  r e l a t i v e  to  th e  ground?

a) zero  b) 9 .6  m c) 19.2  m d) 24 m 
re a so n : (fo rm al 27 .4 2 )

Key

1. c 6 . a 11. d 16. 0
2. a 7 . c 12. d 17. a
3. d 8 . a 13. d 18. c
4. b 9. d 14. d 19. b
5. b 10. b 15. c 20. c



APPENDIX I I  

P an e l o f  Judges



PANEL OF JUDGES

The fo llo w in g  p e rso n s  who had d em onstra ted  a good 

u n d e rs ta n d in g  o f  bo th  P ia g e t ia n  th e o ry  and th e  d i s c ip l in e  

o f b io lo g y  and p h y s ic s  were used  to  r a t e  th e  o b je c tiv e  t e s t  

i te m s . Those members who r a te d  th e  b io lo g y  item s were A.B, 

Lawson and C.A. Lawson. The p h y s ic s  item s were r a te d  by 
R obert K arp lu s , Mary Budd Rowe and Don E. S ta f fo rd .

In  c a se s  where th e re  were d isag reem ent about th e  le v e l  
o f an item , th e  in v e s t ig a to r  se rv ed  as th e  f i n a l  judge o f  th e  
concept l e v e l .  I f  an item  was found to  be in a p p ro p r ia te  o r 
n o n - fu n c tio n in g  by th e  p a n e l,  i t  was re p la c e d  by th e  i n v e s t i 
g a to r  w ith  one th a t  was c o n s id e red  s u i ta b le  and th a t  met th e  

c r i t e r i a  req u irem en ts  o f concep t u n d e rs ta n d in g .
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