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A STUDY OP THE DEVELOPMENT OF THE ABILITY 

OF SELECTED STUDENTS TO VISUALIZE THE 

ROTATION AND DEVELOPMENT OF SURFACES

CHAPTER I

INTRODUCTION, STATE&IENT OP THE PROBLEM,

AND NEED FOR THE STUDY

In tro d u c tio n  

Q u estio n s  in v o lv in g  s p a t i a l  o r i e n t a t i o n  and 

v i s u a l i z a t i o n  a r e  common to  many a p t i tu d e  t e s t s .  A space 

f a c t o r  was f i r s t  i s o l a t e d  ab o u t 1938 by L ouis L. T h u rs to n e . 

Through f u r t h e r  f a c t o r  a n a ly s i s  he found th a t  t h i s  space 

f a c t o r  c o n s is te d  o f  th re e  f a c to r s  which he d e s c r ib e d ,  as 

c i te d  b y  F ru c h te r  (195l(-)» a s :

S -  The a b i l i t y  to  re c o g n iz e  th e  i d e n t i t y  o f  an 
^ o b je c t  when i t  i s  seen  from  d i f f e r e n t  a n g le s .

S -  The a b i l i t y  to  im agine th e  movement o r  i n t e r n a l  
2 d isp la c e m e n t among th e  p a r t s  o f  a c o n f ig u ra t io n  

th a t  one i s  th in k in g  a b o u t.

S_- The a b i l i t y  to  th in k  a b o u t s p a t i a l  r e l a t i o n s  in  
^ w hich the  body o r i e n t a t i o n  o f  th e  o b se rv e r  i s  

an e s s e n t i a l  p a r t  o f th e  problem .

Thus, s p a t i a l  a b i l i t y  i s  e s s e n t i a l  f o r  su cc ess  n o t

o n ly  in  th e  obvious a re a s  such  a s  s o l id  geom etry and o th e r



m ath em atica l f i e l d s  which use d iagram s o r  m odels to  

r e p r e s e n t  space p roblem s, b u t  i t  i s  a ls o  one o f  th e  p rim ary  

m en ta l a b i l i t i e s  d e te rm in in g  a p e r s o n 's  a p t i tu d e  and p lay s  

an im p o rtan t r o le  in  a re a s  such  a s  th e  s c ie n c e s ,  l i f e  

s c ie n c e s ,  e n g in e e r in g , and a r t .  Siemankowski and MaoKnight 

( 1971) found a h ig h  c o r r e la t io n  between s p a t i a l  concep­

tu a l i z a t i o n  and g rad es  in  c o lle g e  s c ie n c e  c o u rs e s .  They 

a l s o  found t h a t  s c ie n c e  (e x c e p t c h e m is try ) , m ath em atics , 

and a r t  m ajors have h ig h e r  l e v e l s  o f  s p a t i a l  c o n c e p tu a l­

i z a t i o n  than  n o n -sc ie n c e  m a jo rs . In  exam ining s ix ty - f o u r  

em inent s c i e n t i s t s  in  p h y s ic s ,  b io lo g y , and th e  s o c ia l  

s c ie n c e s .  Roe (1952) found t h a t  th e  p h y s ic i s t s  and th e  

p s y c h o lo g is ts  sco red  v e ry  h ig h  on th e  s p a t i a l  t e s t  and th a t  

th e  b io lo g i s t s  and ex p e rim en ta l p h y s ic i s t s  tended s t r o n g ly  

to  depend upon v is u a l  im agery in  t h e i r  th in k in g .  One of 

th e  h ig h e r  c o r r e la t io n s  Layton (1953) found betw een v a r io u s  

t e s t s  and g ra d es  in  d e n ta l  sch o o l was th a t  betw een sc o re s  

on th e  Survey o f  O b jec t V is u a l iz a t io n  T est and fo u r  y ea r 

g ra d e s ,  in d ic a t in g  t h a t  s p a t i a l  v i s u a l i z a t i o n  may be a 

f a c t o r  in  su cc ess  in  d e n ta l  s c h o o l .  In  an a ly z in g  f a c to r s  

t h a t  could  be used to  p r e d ic t  su ccess  in  f i r s t  y e a r  

en g in e e rin g  c o u rs e s ,  Poole and S ta n le y  (1972) found th e  

a b i l i t y  to  v i s u a l i z e  and m an ip u la te  images to  be th e  m ost 

r e le v a n t  s p a t i a l  a b i l i t y .

A lthough s p a t i a l  a b i l i t y  i s  one o f th e  b a s ic  

a b i l i t i e s  n e c e s s a ry  in  so  many a r e a s ,  i t  i s  one t h a t  too



o f te n  has n o t  been d ev e lo p ed . For exam ple, Siemankowski 

and MacKhight were s u rp r is e d  a t  th e  ex trem ely  low le v e ls  

o f a b i l i t y  o f  many o f  t h e i r  s u b je c t s .  Ih u s , i t  i s  impor­

t a n t  f o r  e d u c a to rs  to  d e te rm in e  w he ther th e  a b i l i t y  to  

p erfo rm  s p a t i a l  o p e ra tio n s  i s  an in n a te  c h a r a c t e r i s t i c  o r  

a r e s u l t  o f  le a r n in g  and w hether i t  i s  p o s s ib le  to  in c re a s e  

such  a b i l i t i e s  th ro u g h  a c t i v i t i e s  in  th e  c la ssro o m .

S ta tem en t o f  th e  Problem  

I h i s  s tu d y  i s  concerned w ith  the  a s p e c t  o f  s p a t i a l  

v i s u a l i z a t i o n  th a t  P ia g e t  and In h e ld e r  (1967) r e f e r  to  as 

" th e  r o t a t i o n  and developm ent o f s u r f a c e s " .  By t h i s  i s  

m eant th e  a b i l i t y  to  " r o t a t e  th e  s id e s  o f a s o l id  in to  the  

f r o n t a l  p la n e ,  and u n fo ld  o r 'd e v e lo p ' th e  r e g u la r  curved 

s u r f a c e s ,  such  as  th e  c y l in d e r  and the  cone", (p . 273 )

T his s tu d y  has two o b je c t iv e s :

1 . To in v e s t i g a t e  th e  r e la t io n s h ip s  among ag e , 

academ ic a b i l i t y ,  s e x , and th e  a b i l i t y  to  v i s u a l i z e  the  

r e s u l t s  o f  r o t a t i n g  the  s id e s  o f a s o l id  in to  a p lan e  and 

o f u n fo ld in g  curved s u r f a c e s .

2 . To d e te rm in e  the  e f f e c t  t h a t  t r a in in g  has on such 

v i s u a l i z a t i o n s .

Need f o r  th e  S tudy 

The r e s u l t s  on a p t i tu d e  t e s t s  show th a t  many 

s tu d e n ts  have a v e ry  low l e v e l  o f a b i l i t y  in  s p a t i a l  

p e rc e p tio n  and v i s u a l i z a t i o n .  Courses such  a s  s o l id



geom etry, d e s c r ip tiv e  geom etry, and m echanical drawing 

have been in v e s tig a te d  to  determ ine th e i r  e f f e c ts  on 

s p a t i a l  a b i l i t i e s .  Methods o f in s t ru c t io n  such as the 

use o f s o lid  models and programmed in s t r u c t io n  have a ls o  

been te s te d .  However, the  r e s u l t s  tend to  be in c o n c lu s iv e . 

This may be due to  the f a c t  th a t  s p a t i a l  a b i l i t y  i s  n o t 

j u s t  one type of a b i l i t y ,  b u t r e s u l t s  from the  c o o rd in a tio n  

o f many d i f f e r e n t  types o f ta s k s ;  thus no one g en e ra l 

course o r method i s  capable o f a f f e c t in g  a l l  of these  

f a c to r s .  Developing a concept o f space is  a leng thy  

p rocess which begins when a c h ild  f i r s t  s t a r t s  to  look a t  

o b je c ts  around him. Thus, i t  i s  n ecessa ry  to  determ ine 

how the  c h ild  p ro g resses  through the various s ta g e s  

req u ired  in  reach ing  th is  g o a l, a t  what ages he i s  capable 

of a t ta in in g  d i f f e r e n t  types o f b eh av io r, and how he can be 

helped a t  each s ta g e . Due to  the  in flu en ce  o f P ia g e t , 

many s tu d ie s  have considered  such q u es tio n s  f o r  some 

s p a t i a l  ta s k s .  They have in v e s tig a te d  the  a b i l i t y  o f 

c h ild re n  to  id e n t i f y  shapes, draw f ig u r e s ,  conserve volume, 

le n g th , and o rd e r , co o rd in a te  p e rs p e c tiv e s , and v is u a l iz e  

c ro ss  s e c t io n s .  They have a lso  s tu d ie d  the e f f e c ts  of 

v a rio u s  programs on th ese  ta s k s .  Such s tu d ie s  a re  needed 

f o r  o th e r  a c t i v i t i e s  th a t  make up s p a t i a l  a b i l i t i e s ,  

in c lu d in g  th a t  of v is u a l iz in g  the r e s u l t s  o f r o ta t in g  and 

developing s u rfa c e s . As more f a c e ts  of s p a t i a l  a b i l i t i e s  

a re  ex p lo red , i t  may be p o ss ib le  to  produce a co n tinu ing



program  th a t  w i l l  en a b le  s tu d e n ts  to  d ev e lo p  t h e i r  s p a t i a l  

a b i l i t i e s  to  th e  f u l l e s t .  This s tu d y  was d es ig n ed  to  

p ro v id e  in fo rm a tio n  on th e  a b i l i t y  o f  s tu d e n ts  to  v i s u a l i z e  

th e  r e s u l t s  o f r o t a t i n g  and d ev e lo p in g  s u r fa c e s  and on th e  

e f f e c t  t h a t  t r a in in g  h as on th e  s tu d e n t s ' p e rfo rm an ces .



CHAPTER I I

THEORETICAL FRAMEWORK, REVIEW OP RELATED 

RESEARCH, AND HYPOTHESES

T h e o re t ic a l  Framework 

In  The C h i ld 's  C onception o f  Space P ia g e t  and 

In h e ld e r  ( I 967 ) have I n v e s t ig a te d  th e  o rd e r  in  which 

c h ild re n  d ev e lo p  in  t h e i r  a b i l i t y  to  d e a l  w ith  s p a t i a l  

co n c e p ts . This a b i l i t y  was found to  evo lve th ro u g h  th e  

developm ent o f th re e  sp a c e s :

T opolog ical- which invo lves th e  r e la t io n s  o f p rox im ity , 

s e p a ra tio n , o rd e r , su rrounding , and c o n tin u ity .

P ro je c t iv e -  which invo lves the  shapes of f ig u r e s ,  th e i r  

r e la t iv e  p o s i t io n s ,  and apparen t d is ta n c e s , in  r e l a t io n  to 

a s p e c if ic  p o in t o f view.

E uclidean- which involves the c o n s tru c tio n  o f a fram e 

of re fe re n c e  o r a coord inate  system  and the conserva tion  of 

s iz e ,  d is ta n c e , and a n g le s .

Topological concepts emerge f i r s t ,  w ith  most topo­

lo g ic a l  r e la t io n s  becoming in te g ra te d  in to  a s ta b le  opera­

t io n a l  system  about the age o f seven . From these  evolve 

the concepts of p ro je c tiv e  and eu c lid ean  space, which



develop  c o n c u rre n tly  and a r e  m u tu a lly  in te rd e p e n d e n t .  

F in a l ly ,  a t  a b o u t th e  age o f  tw e lv e , th e  co n cep ts  o f  a l l  

th re e  spaces a re  c o o rd in a te d  in to  a f u l l y  developed  

o p e ra t io n a l  sy s tem .

Ihe r o t a t i o n  and developm ent o f  s u r fa c e s  i s  im por­

t a n t  s in c e  i t  in v o lv e s  th e  c o o rd in a tio n  o f  b o th  p r o je c t iv e  

and e u c lid e a n  o p e r a t io n s .  Not on ly  m ust th e  p e rso n  be a b le  

to  co o rd in a te  th e  d i f f e r e n t  v iew p o in ts  of th e  o b je c t ,  b u t  

he must a lso  be  a b le  to  in t e r n a l i z e  th e  movements in v o lv ed  

in  r o ta t in g  o r  d ev e lo p in g  the  s u r f a c e s .  This r e q u ir e s  the  

c o n s tru c tio n  o f  a c o o rd in a te  system  in  o rd e r  to  p re s e rv e  

th e  r e l a t io n s  o r p o s i t io n s  between th e  s id e s  o f th e  s o l i d .  

Thus, su ccess  on such ta s k s  i s  ev idence  o f th e  i n t e g r a t i o n  

o f  th e  th re e  sp aces  in to  an  o p e ra t io n a l  sy s tem .

The ag es  a t  w hich th e s e  o p e ra t io n s  d ev e lo p  i s  

r e f l e c t e d  in  P ia g e t  and In h e ld e r 's  s ta te m e n ts  th a t  " th e  

age o f  9 o r th e re a b o u ts  . . . marks a d e c is iv e  tu rn in g  

p o in t  in  the developm ent o f  s p a t i a l  c o n c e p ts ;  th a t  o f th e  

com pletion o f  th e  fram ework a p p ro p r ia te  to  com prehensive 

e u c lid e an  and p r o je c t iv e  sy s tem s ."  (p . I).l8 ) F u rth e rm o re , 

a t  Substage I I IB  (ap p ro x im a te ly  9 to  11 y e a rs )  " th e re  

ap p ears  a th i r d  type o f  im age, one ca p ab le  o f  a n t i c ip a t in g  

th e  r e s u l t s  o f  a c t io n s  b e fo re  th e y  a re  c a r r i e d  o u t ,"

(p . 296 ) so t h a t  " In  S ubstage I I IB  th e  c o r r e c t  s o lu t io n s  

a re  a r r iv e d  a t ,  a t  l e a s t  f o r  th e  c y l in d e r  and cone . The 

cube and pyram id ap p ea r to  o f f e r  r a th e r  more d i f f i c u l t y  and
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a co m p le te ly  c o r r e c t  developm ent o f  th e  l a t t e r  i s  som etimes 

n o t  ach iev ed  u n t i l  S tage IV .” (p . 277)

W hile P ia g e t  and In h e ld e r  s t a t e  t h a t  " th e  tech n iq u e  

o f  r o t a t i n g  and u n fo ld in g  su rfa c e s  i s  ac q u ired  in  th e  

co u rse  o f  a spon taneous and r e g u la r  p ro c e s s  o f d ev e lo p m en t,” 

(p .  273 ) th e y  a ls o  say  t h a t  " im ag in in g  th e  r o t a t i o n  and 

developm ent o f s u r fa c e s  depends l a r g e ly  on th e  a c tu a l  

p ro c e s s  o f u n fo ld in g  s o l i d s ,  and th e  m otor s k i l l s  in v o lv ed  

in  such a c t io n s . "  (p . 276 ) This would seem to  im ply th a t  

such  p r a c t ic e  sh o u ld  in c re a s e  th e  a b i l i t y  to  v i s u a l i z e  th e  

r e s u l t s  o f  such o p e r a t io n s .

Review o f  R ela ted  R esearch  

There have been many c r i t i c i s m s  made o f  P ia g e t ’ s 

w ork, m ostly  d i r e c te d  to  h i s  la c k  o f d e ta i l e d  in fo rm a tio n  

a b o u t th e  number and the  m ental a b i l i t i e s  of h i s  s u b je c t s .

He has no s t a t i s t i c a l  ev id en ce  to su p p o rt h is  c o n c lu s io n s . 

H is la c k  o f  c o n tro ls  cau ses  some to  f e e l  th a t  h is  in fo rm a l 

q u e s tio n in g  may have in f lu e n c e d  h is  s u b je c t s .  H is em phasis 

on age i s  q u e s tio n e d  due to  th e  o v e r la p p in g  ages o f 

s u b je c ts  who a re  judged to  be a t  d i f f e r e n t  s ta g e s  in  t h e i r  

developm ent. Even he seems to  adm it th a t  th e re  may be 

f a c to r s  o th e r  th an  age when he s a y s , in  d is c u s s in g  the 

cube, th a t  "one som etim es f in d s  e x c e p tio n a l  c h i ld re n  a b le  

to  g iv e  c o r r e c t  answ ers a t  th e  s t a r t  o f  S ubstage  IIIA  as 

a r e s u l t  of p o sse s s in g  s p e c ia l  a p t i tu d e s  o r  h av in g  had 

ex p e rien ce  in  fo ld in g  o r  making th in g s  a t  s c h o o l ."  (p . 292 )



Die fo llow ing  review  o f l i t e r a t u r e  p re se n ts  some of 

the r e s u l t s  th a t  have been found reg a rd in g  P ia g e t 's  theo ry  

in  g en e ra l and f a c to rs  which a f f e c t  the  development of 

s p a t i a l  a b i l i t i e s .  I t  i s  d iv ided  In to  the fo llow ing  c a te ­

g o r ie s ;  re se a rc h  concerned w ith  P ia g e t 's  ev o lu tio n  o f 

spaces and developm ental s ta g e s , re se a rc h  concerned w ith  

su rface  development and c ro ss s e c t io n s ,  and re se a rc h  con­

cerned w ith  the e f f e c ts  of age , a b i l i t y ,  sex , and t r a in in g .

P ia g e t 's  Theory

Due to  the  problems found in  P ia g e t 's  re sea rch  

d iscussed  e a r l i e r ,  many s tu d ie s  have re p l ic a te d  h is  exper­

iments in  an a ttem p t to  determ ine w hether th e re  i s  s t a t i s ­

t i c a l  evidence fo r  h is  co n c lu s io n s. Hov;ever, most o f th ese  

s tu d ie s  involve ta sk s  th a t  a re  of concern in  the e a r l i e r  

s tages  of developm ent.

In  su rv e y in g  th e  r e s e a rc h  a v a i l a b le  in  c h i ld r e n 's  

th in k in g ,  W allach ( 1963) found ev id en ce  th a t  l i n g u i s t i c  

f a c to r s  and soc io -econom ic  f a c to r s  may cause s h i f t s  in  

P ia g e t 's  age norm s, b u t  th e  same g e n e ra l  d evelopm en ta l 

sequences o u t l in e d  by P ia g e t  have been o b ta in e d . He a ls o  

n o ted  th a t  s t r u c t u r a l  changes in  th in k in g  do occu r betw een 

f iv e  and e ig h t ,  when c h i ld re n  d ev e lo p  th e  a b i l i t y  to  u n d e r­

s tan d  co n cep ts  o f  c o n se rv a tio n  o r  co n s tan c y , and betw een 

tw elve and f o u r te e n ,  when th ey  become capab le  o f  problem  

s o lv in g .

S everal s tu d ie s  have found support fo r  the d ev e l-
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opinent o f  to p o lo g ic a l  p ro p e r t ie s  f i r s t ,  fo llo w ed  by 

p r o je c t iv e  and e u c lid e a n  o n es .

P ee l {1959 ) re p o r te d  on two such s tu d i e s .  E. I .  

Page, w orking w ith  s ix ty  c h i ld re n  from  th re e  to  e ig h t  y e a rs  

o f  ag e , r e p l i c a te d  P ia g e t 's  ex p e rim en t o f h av ing  s u b je c ts  

draw o r  p ic k  o u t an o b je c t  from to u ch in g  i t ,  w ith o u t b e in g  

a b le  to  see  i t .  T opo log ica l shapes were re c o g n ized  more 

e a s i l y  th an  e u c lid e a n  ones by th e  younger c h i ld r e n ,  b u t 

c e r t a in  e u c lid e a n  f e a tu r e s  were d i f f e r e n t i a t e d  a s  e a r ly  as 

some to p o lo g ic a l  o n es . E. Perns r e p l i c a t e d  P ia g e t 's  

ex p e rim en t of h av ing  s u b je c ts  copy g eo m etric  f i g u r e s ,  w ith  

f i f t y - f i v e  c h i ld re n  from  th re e  to  e ig h t  y e a rs  o f  ag e . She 

v e r i f i e d  th e  sequence o f  s ta g e s .  However, P i a g e t 's  age 

p lacem en ts were n o t  so c le a r ly  su p p o rte d , s in c e  some o f h e r  

s u b je c ts  reached  P ia g e t 's  s ta g e s  a t  younger a g e s .

HiVOire ( 196I )  developed  a tw e n ty -e ig h t item  t e s t ,  

m easu rin g  to p o lo g ic a l ,  p r o je c t iv e ,  a f f i n e ,  and e u c lid e a n  

space  which she a d m in is te re d  to  lljJj. m id d le -c la s s  s u b je c ts  

from  fo u r  to  f i f t e e n  y e a rs  o f  a g e . Her r e s u l t s  d id  n o t  

e n t i r e l y  su p p o rt P ia g e t 's  s ta g e s ,  a lth o u g h  age was a 

f a c t o r .  She found th a t  concep ts  o f to p o lo g ic a l  space  were 

n o t  developed  u n t i l  ab o u t s ix  y e a rs  o f  ag e , younger c h i l ­

d ren  (ap p ro x im a te ly  fo u r  y e a rs  o ld )  d id  n o t  u se  o n ly  topo­

lo g i c a l  r e la t io n s h ip s ,  p ro je c t iv e  concep ts  were developed  

e a r l i e r  and eu c lid e an  co n cep ts  l a t e r  th an  P ia g e t  r e p o r te d ,  

and s p a t i a l  developm ent was n o t  com plete by f i f t e e n .
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S ig n i f ic a n t  d i f f e r e n c e s  were a ls o  found betw een item s 

w ith in  each  type o f sp ac e . Some o f th e  younger s u b je c ts  

c o r r e c t ly  answ ered item s ab o u t p r o je c t iv e  and e u c lid e a n  

s p a c e , w hile  some o ld e r  s u b je c ts  m issed to p o lo g ic a l  i te m s , 

in d ic a t in g  th a t  to p o lo g ic a l  space i s  n o t  co m p le te ly  d e v e l­

oped b e fo re  some co n cep ts  o f o th e r  sp aces  b eg in  to  d ev e lo p .

L o v ell (1959) su p e rv ise d  the r e p l i c a t i o n  o f s ix  o f 

P ia g e t ’s experim en ts  w ith  1$0 c h i ld re n ,  aged th re e  to  s ix  

y e a r s ,  and o f v a r ie d  socio -econom ic background and a b i l i t y .  

In  p ic k in g  o u t shapes from  t h e i r  f e e l  and copy ing  draw ings 

o f  geo m etric  f i g u r e s ,  to p o lo g ic a l  p r o p e r t ie s  tended  to  be 

u sed  more than  e u c lid e a n ,  ex cep t fo r  th o se  f ig u r e s  w ith  

curved ed g es. F ig u re s  w ith  long  s t r a i g h t  s id e s  and an g le s  

were th e  most d i f f i c u l t .  L o v e ll concluded th a t  s p e c i f ic  

f e a tu r e s  such a s  h o le s  and co rn e rs  may be o f more in f lu e n c e  

th an  to p o lo g ic a l  o r  e u c lid e a n  f e a tu r e s  in  g e n e ra l .

To t e s t  th e  in f lu e n c e  o f f a m i l i a r i t y .  Cousins and 

A bravanel (1971) had t h e i r  f i f t y - s i x  s u b je c t s ,  aged th re e  

to  f iv e  y e a rs ,  p ic k  th e  one o f  two com parison f ig u r e s  t h a t  

was m ost l ik e  th e  g iv en  s ta n d a rd  f ig u r e ,  w ith  one ch o ice  

hav in g  s im ila r  to p o lo g ic a l  f e a tu r e s  (su ch  a s  openness o r  

h o llo w n ess) and th e  o th e r  e u c lid e a n  (su ch  a s  c u r v i l i n e a r i t y  

o r  r e c t i l i n e a r i t y ) . For th e  s e r ie s  in  which th e  boundary  

was a f a m i l ia r  f ig u r e  (such  a s  a sq u are  o r a c i r c l e )  th e  

m a jo r i ty  o f m atches were based  on the  e u c lid e a n  f e a tu r e s  

f o r  a l l  ag e s . For th o se  w ith  an u n fa m il ia r  o r  f r e e
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boundary , th e re  was a tre n d  from  to p o lo g ic a l  to  e u c lid e a n  

b a se s  o f  m atching w ith  ag e . Thus, th e r e  was found  to  be 

some agreem ent w ith  P ia g e t t h a t  to p o lo g ic a l  p r o p e r t ie s  a re  

developed  f i r s t ,  b u t th e re  i s  an  o v e r la p  betw een th e  u se  o f 

to p o lo g ic a l  and p ro je c t iv e - e u c l id e a n  concep ts  depend ing  on 

th e  p a r t i c u l a r  p ro p e r t ie s  o f  th e  o b je c ts  and on th e  

s u b j e c t 's  f a m i l i a r i t y  w ith  th e  f i g u r e .

In  th e  s tu d y  c i te d  above, L o v e ll a l s o  r e p l i c a t e d  

P i a g e t 's  experim en ts on l i n e a r  and c i r c u l a r  o r d e r ,  k n o ts ,  

th e  p r o je c t iv e  s t r a i g h t  l i n e ,  and p e r s p e c t iv e s .  The 

r e s u l t s  tended to  su p p o rt P i a g e t 's  s ta g e s  o f  developm en t, 

b u t  much more v a r ia n c e  was found w ith in  th e  age g roups and 

many o f  the  s u b je c ts  were a b le  to  perfo rm  th e  ta s k s  a t  

e a r l i e r  ages than  were P i a g e t 's .

Dodwell (1963 ) a ls o  r e p l i c a t e d  s e v e ra l  o f  P i a g e t 's  

ex p e rim en ts , c o n s tru c tio n  o f  a s t r a i g h t  l i n e ,  d raw ing  

sh a p e s , p o in ts  and c o n t in u i ty ,  h o r iz o n ta l  and v e r t i c a l ,  

g e o m e tr ic a l  s e c t io n s ,  s i m i l a r i t y  and p ro p o r t io n ,  and co o r­

d in a t io n  of p e r s p e c t iv e s ,  u s in g  19(4. c h i ld re n  ra n g in g  in  age 

from  f iv e  to  e lev en  y ea rs  and w ith  IQs from 80 to  136 . 

G e n e ra lly , P ia g e t 's  p a t t e r n  o f  developm ent was v e r i f i e d ,  

b u t  n o t  in  a l l  r e s p e c t s .  C a te g o r iz a t io n  was h a rd e r  due to  

a g r e a t e r  v a r ie ty  o f  re s p o n s e s . S u b je c ts  w ere found  to  be 

in  d i f f e r e n t  s ta g e s  f o r  d i f f e r e n t  ta s k s  and so  cou ld  n o t  be 

a s s ig n e d  to  one p a r t i c u l a r  deve lopm en ta l s t a g e .  W hile 

o v e r a l l  a b i l i t y  d id  in c re a s e  w ith  ag e , such grow th was n o t
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w e ll-d e f in e d  and could have been a f f e c te d  by o th e r  f a c t o r s  

such  as s p e c ia l  i n t e r e s t s  o r  t r a i n i n g .

P is h b e in , L ew is, and K e if f e r  (1972) m o d ified  th e  

ex p e rim en t on p e r s p e c t iv e s  to  in c lu d e  p o s s i b i l i t i e s  o th e r  

th a n  developm ent by age a lo n e ,  c o n s id e r in g  the e f f e c t  o f  

th r e e  o b je c ts  r a th e r  than  j u s t  on e , u s in g  e ig h t  p h o to g rap h s 

compared to  f o u r ,  and p o in t in g  to  a pho to g rap h  compared to  

tu rn in g  the  d i s p la y .  U sing 120 m id d le -c la s s  s u b je c ts  from  

th r e e  to  n in e  y e a rs  o f ag e , th ey  found t h a t  th o se  as young 

a s  th re e  and one h a l f  y e a rs  o ld  cou ld  succeed  on c e r t a i n  of 

th e  t a s k s .  A lthough perform ance g e n e ra l ly  in c re a s e d  w ith  

a g e , i t  was a f f e c te d  by s o c i a l  f a c to r s  (e g o c e n tr ism , non­

e g o c e n tr ism , em pathy), c o g n itiv e  f a c to r s  ( a b i l i t y  to  see  

i n t e r n a l  r e la t io n s h ip s  betw een th e  o b j e c t s ) ,  th e  co m p lex ity  

o f  th e  s i t u a t i o n ,  and th e  method o f re sp o n d in g . As a 

r e s u l t ,  th ey  f e l t  th a t  one sh o u ld  be ex trem ely  c a u tio u s  

when ap p ly in g  ages to  s ta g e s  o f developm ent.

Surface Development and Plane S ec tions

Guay and McDaniel (1977) compared th e  m athem atics 

ach iev em en t o f  n in e ty  s tu d e n ts  i n  g ra d e s  tv/o th ro u g h  seven  

w ith  th e i r  re sp o n se s  on fo u r  s p a t i a l  t e s t s ,  in c lu d in g  a 

m u lt ip le - c h o ic e  su rfa c e  developm ent t e s t .  The h ig h  m athe­

m a tic s  a c h ie v e rs  sco red  s i g n i f i c a n t l y  h ig h e r  th an  th e  low 

a c h ie v e rs  on each  o f  th e  fo u r  t e s t s .  Grade le v e l  was found 

to  be s i g n i f i c a n t  f o r  a l l  fo u r  t e s t s ,  w ith  t e s t  s c o re s  i n ­

c r e a s in g  w ith  in c re a s e s  in  g rad e  l e v e l s .  The m ales a ls o
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sc o red  s i g n i f i c a n t l y  h ig h e r  than  th e  fem ales on th e  s u r f à ce 

developm ent t e s t  and th e  c o o rd in a t io n  o f v iew p o in ts  t e s t .

The s e c tio n in g  ta s k  i s  im p o rta n t s in c e  i t  a ls o  

in v o lv e s  th e  c o o rd in a tio n  o f b o th  p r o je c t iv e  and e u c lid e a n  

o p e r a t io n s .

One o f th e  exp erim en ts in  D o d w ell's  r e p l i c a t io n s  

was t h a t  o f  s e c t io n in g  s o l i d s .  Of h i s  191}- s u b je c t s ,  

e ig h ty -tw o  were in c a p a b le  o f  id e n t i f y in g  th e  c ro s s  

s e c t io n s ,  one was o n ly  p a r t i a l l y  c o r r e c t ,  and tw elve were 

a b le  to  p erfo rm  c o r r e c t l y ,  w h ile  th e  o th e r  n in e ty -n in e  

w ere a b le  to  id e n t i f y  some o f th e  c u ts  b u t  n o t  a l l .  V/hile 

th e r e  was a h ig h  c o r r e l a t i o n  w ith  ag e , th e r e  was an even 

g r e a t e r  c o r r e l a t i o n  vfith  m en ta l a g e .

Boe ( 1966) in d iv id u a l ly  te s te d  sev en ty -tw o  m id d le -  

c l a s s  e ig h th ,  t e n th ,  and tw e lf th  grade s tu d e n ts  ( t h i r t e e n  

to  sev e n te en  y ea rs  o f age) o f v a ry in g  a b i l i t y  on s ix te e n  

d i f f e r e n t  c ro s s  s e c t io n s  t a s k s ,  u s in g  two t e s t s .  The s o l id s  

u sed  were a r i g h t  r e c ta n g u la r  p r ism , a r i g h t  c i r c u l a r  

c y l in d e r ,  a cube, and one nappe o f a r i g h t  c i r c u l a r  cone.

F or each  s o l i d ,  th e  s u b je c t  v/as to  d e term in e  the  boundary 

o f  th e  s u r fa c e  formed when th e  s o l id  was s e c tio n e d  by a 

lo n g i tu d in a l ,  a t r a n s v e r s e ,  an o b liq u e , and a p a r a l l e l  c u t .  

On th e  f i r s t  t e s t  th e  s u b je c ts  w ere to  draw t h e i r  r e s p o n s e s ,  

w h ile  th e  second was a m u ltip le -c h o ic e  t e s t .  Only seven o f 

h e r  s u b je c ts  had p e r f e c t  sc o re s  on t e s t  one , th re e  on t e s t  

tw o, and no one on b o th  t e s t s ,  c au s in g  h e r  to  conclude th a t
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s tu d e n ts  have n o t developed  such  a b i l i t i e s  by  th e  age o f 

s e v e n te e n . Age (g ra d e )  was n o t  found to  be s i g n i f i c a n t  

on e i t h e r  t e s t ,  w h ile  a b i l i t y  l e v e l ,  type o f  s o l i d ,  and 

type o f  c u t  were s ig n i f i c a n t  on b o th  t e s t s .  S co re s  in ­

c re a se d  w ith  in c re a s e s  in  a b i l i t y .  The r i g h t  c i r c u l a r  

cone and th e  o b liq u e  c u t  on th e  cube were the  m ost d i f f i ­

c u l t .  Sex was a ls o  s i g n i f i c a n t  on th e  draw ing t e s t ,  w ith  

h ig h e r  s c o re s  f o r  th e  m ales .

Palow (1969)» t e s t i n g  IO67 s tu d e n ts  in  g ra d e s  th re e  

th ro u g h  tw elve ( e ig h t  to  n in e te e n  y e a rs  o f  a g e ) ,  o f  v a ry in g  

IQ and socio-econom ic b ackgrounds, found ag e , s e x , and IQ 

to  be s i g n i f i c a n t .  He su p p o rted  P ia g e t ’s p o s i t io n  t h a t  

e u c lid e a n  a b i l i t i e s  a r e  a c q u ire d  abou t th e  age o f tw e lv e .

He a ls o  found boys to  p erfo rm  b e t t e r  than  g i r l s  and h ig h e r  

a b i l i t y  s tu d e n ts  b e t t e r  th an  average a b i l i t y  s tu d e n t s .

Davis ( 1969) q u es tio n n ed  B oe 's cho ice  o f  g ra d e s  and 

h e r  g e n e ra l  co n c lu s io n  th a t  tw elve  y e a r  o ld s  had n o t  

m aste red  g eo m etric  s e c t io n s  s in c e  th ey  d id  n o t  have p e r f e c t  

s c o r e s ;  so he r e p l i c a te d  h e r  experim en t w ith  m o d if ic a t io n s ,  

u s in g  n in e ty  s tu d e n ts  in  g rad es  s ix ,  e ig h t ,  and t e n ,  u s in g  

o n ly  th e  m u ltip le  ch o ice  t e s t ,  and add ing  a tw e n ty - f iv e  

m inute work p e r io d  b e fo re  t e s t i n g  to  be c e r t a in  t h a t  th e  

s u b je c ts  u n d ers to o d  th e  t a s k .  He found a s i g n i f i c a n t  

d i f f e r e n c e  between th e  s ix th  and e ig h th  g ra d e rs  and betw een 

th e  s i x t h  and te n th  g r a d e r s ,  b u t  n o t  betw een th e  e ig h th  and 

te n th  g ra d e r s ,  w ith  $0^ o f th e  e ig h th  and t e n th  g ra d e rs
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c o rre c t  on a t  l e a s t  8 ? ^  of the  item s. Thus, he agreed 

w ith  P ia g e t th a t  m astery o f se c tio n in g  is  achieved by the 

age o f th i r te e n  (e ig h th  g ra d e ) . He a lso  found sex to  be 

s ig n i f ic a n t  in  fav o r o f th e  boys. The sco res o f  bo th  the 

h igh  and middle a b i l i t y  s tu d e n ts  were s ig n i f ic a n t ly  h ig h er 

than  those o f the low a b i l i t y  s tu d e n ts .

S in g le ta ry  (1972) in v e s t ig a te d  th e  e f f e c t  o f 

i n s t r u c t i o n  on th e  s e c t io n in g  ta s k  and i t s  r e l a t io n s h i p  to  

a b i l i t y  on s ix ty - th r e e  e ig h th  g rade s tu d e n ts ,  ra n g in g  in  

age from  t h i r t e e n  to  f i f t e e n  y e a rs ,  w ith  IQs from  8l  to  ll}-3 

b u t  in  m iddle and low l e v e l  a b i l i t y  c la s s e s .  Two i n s t r u c ­

t i o n a l  g roups were u se d . Both c o n s tru c te d  and s e c tio n e d  

c la y  m odels and m an ip u la ted  p l a s t i c  and s t r i n g  m o d e ls . One 

a l s o  had in s t r u c t io n  in  p e r s p e c t iv e  drav/ing . The i n s t r u c ­

t io n  l a s t e d  f o r  n in e  d a y s . He used  th e  p rism , c y l in d e r ,  

and cone , b u t  re p la c e d  th e  cube v /ith  an e l l i p s o id  and a 

sq u a re  pyram id . The same f o u r  c u ts  were used  t h a t  Boe had 

u s e d .  A b i l i ty  was found to  be s ig n i f i c a n t  f o r  th e  draw ing 

t e s t ,  b u t  th e  tre a tm e n t was n o t  s i g n i f i c a n t  f o r  e i t h e r  

t e s t ,  ex c ep t th a t  th o se  w ith  in s t r u c t io n  in  p e r s p e c t iv e  

draw ing  perform ed b e t t e r  on th e  e l l i p s o id  and pyram id th an  

th o se  in  th e  o th e r  i n s t r u c t i o n a l  g roup .

Age

Age is  im portan t s in c e  i t  is  the  main v a r ia b le  

which P iag e t and In h e ld e r  used and upon which th ey  based 

th e i r  developm ental s ta g e s . In  most of the s tu d ie s  c i te d
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above, age was a f a c to r .  W allach found s t r u c tu r a l  changes 

in  th in k in g  occu rring  between f iv e  and e ig h t  y ea rs  and 

a g a in  between twelve and fo u r te e n  y e a rs . In  summarizing 

r e s u l t s  o f re s e a rc h , P ru ch te r ( 195!(.) concluded th a t  s p a t i a l  

fu n c tio n s  m ature between the  ages o f  e leven  and f i f t e e n .

In th e  s tu d ie s  of Palow and D av is, which included  s tu d e n ts  

below tw elve and above fo u r te e n , age was found to  be a 

s ig n i f ic a n t  v a r ia b le .  Dodwell a ls o  found age to  be s ig n i f ­

ic a n t  even though a l l  h is  su b je c ts  were le s s  than  tw elve 

y ea rs  o f a g e . Boe d id  n o t f in d  s ig n if ic a n c e ,  b u t h e r  sub­

je c t s  were a l l  th i r te e n  and o ld e r  and even Davis d id  n o t 

f in d  a d if fe re n c e  between e ig h th  and te n th  g ra d e rs . These 

s tu d ie s  seem to v e r ify  th a t  a change does take p lac e  about 

tw elve o r  th i r te e n  which a t  l e a s t  a f f e c ts  the responses on 

se c tio n in g  ta s k s .

A b i l i ty

As was shown e a r l i e r ,  P ia g e t found th a t  some c h i l ­

d ren  seem to  have s p e c ia l  a p ti tu d e s  which enable them to 

perform  s p a t i a l  o p e ra tio n s  a t  e a r l i e r  ages than o th e r s .  I t  

i s  p o s s ib le  th a t  the problems L ovell and Dodwell found in  

try in g  to  c a te g o riz e  s tu d e n ts  by ages were caused by 

d if fe re n c e s  in  a b i l i t y .  In  a l l  the  s tu d ie s  of p lan e  sec ­

t io n s ,  a b i l i t y  was found to  be a s ig n i f ic a n t  v a r ia b le .  

D av is, in  ana lyz ing  th is  d if fe re n c e  f u r th e r ,  found i t  to  be 

due to  th e  d iffe re n c e  between the  lower a b i l i t y  l e v e l  and 

the  middle and upper l e v e l s .  Guay and McDaniel found a
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r e la t io n s h ip  betw een  s p a t i a l  a b i l i t y  and m a th em atica l 

a b i l i t y ,  'Hius, a b i l i t y  seems to  a f f e c t  re sp o n se s  to  

s p a t i a l  ta s k s .

Sex

G eneral s tu d ie s  o f  s p a t i a l  a b i l i t i e s  have o f te n  

found sex  to  be a f a c t o r .  A ccord ing  to  P ru c h te r ,  boys 

have been fo u n d , w ith  some c o n s is te n o e y , to  e x c e l  g i r l s  on 

s p a t i a l  t e s t s .  In  a f a c t o r  a n a ly s is  o f  t e s t s  o f m athe­

m a tic a l  a b i l i t y  g iv e n  to  200 s tu d e n ts  from  t h i r t e e n  and 

o n e -h a lf  to  f i f t e e n  y e a rs  o f  age B lack w e ll (19l).0) found 

t h a t ,  w h ile  th e  f a c t o r  in v o lv in g  m a n ip u la tio n  o f s p a t i a l  

and v e rb a l  d a ta  was second in  im portance f o r  b o th  s e x e s , i t  

p la y s  a r e l a t i v e l y  l a r g e r  p a r t  in  th e  m a th em atica l a b i l i t y  

o f  boys than o f g i r l s .  Hobson (19^1-7) an a ly z ed  th e  r e s u l t s  

o f th e  Chicago T e s ts  o f P rim ary  M ental A b i l i t i e s ,  g iv en  to  

1097 n in th  g rade  and ll}-36 e ig h th  g rad e  s tu d e n ts  o v e r a 

p e r io d  o f  two y e a r s .  A lthough the  IQs o f  th e  g i r l s  were 

found to  be s i g n i f i c a n t l y  h ig h e r ,  in  S p a t i a l  O r ie n ta t io n  

the  boys were s i g n i f i c a n t l y  b e t t e r .  He a l s o  found  a s ig ­

n i f i c a n t  d i f f e r e n c e  in  c l a s s  means betw een th e  e ig h th  and 

n in th  g ra d e r s .  S im ila r  r e s u l t s  w ith  re g a rd  to  IQ , th e  

space f a c to r ,  and sex  were found by H erzberg  and Lepkin 

( 1954.) in  com paring 10l).9 s ix te e n  to  e ig h te e n  y e a r  o ld s  on 

th e  P rim ary M ental A b i l i t i e s  T e s t ,  b u t  d i f f e r e n c e s  were n o t  

found w ith  r e s p e c t  to  a g e . Ih u s , th e se  s tu d ie s  n o t  o n ly  

v e r i f y  the  im p o rtan ce  o f  s e x , b u t th ey  a l s o  s u p p o r t  th e
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p o s i t io n  th a t  a change o ccu rs  a t  ab o u t th e  age o f  t h i r t e e n  

and th a t  s p a t i a l  a b i l i t y  i s  s t a b le  a f t e r  t h a t .

Many o f th e  s tu d ie s  o f P ia g e t ia n  ta s k s  have n o t  

c o n s id e re d  sex , b u t  in  th o s e  by Guay and M cD aniel, Boe, 

Palow , and  D avis t h a t  d id  in c lu d e  sex as a v a r i a b l e ,  some 

r e la t io n s h ip s  w ere fo u n d , fa v o r in g  boys o v e r g i r l s .

R esponses to  th e  method o f  p r e s e n ta t io n  may a ls o  

d i f f e r  betw een m ales and fe m a le s . Moxness (197^) found 

th a t  e ig h th  g rade fem a les  ta u g h t by a v i s u a l l y - r i c h  m ethod 

sco red  s i g n i f i c a n t l y  h ig h e r  on a t e s t  on p r o b a b i l i t y  th an  

th o se  ta u g h t  by a v e r b a l ly - r i c h  m ethod.

Tra in ing

In  e a r ly  s tu d ie s  an  a tte m p t was made to  d e te rm in e  

i f  p a r t i c u l a r  co u rse s  had an e f f e c t  on s p a t i a l  a b i l i t i e s .

R anucci (19$2) s tu d ie d  th e  e f f e c t  o f a c o u rse  in  

s o l id  geom etry  on h ig h  sch o o l s e n io rs  who had p r e v io u s ly  

tak en  two y e a rs  o f a lg e b ra  and one y e a r  o f  p la n e  geom etry . 

Prom comparing th o se  who took  the  s o l id  geom etry  co u rse  

w ith  th o se  who d id  n o t ,  he concluded  th a t  th e  s tu d y  o f 

s o l id  geom etry  d id  n o t  improve space  p e r c e p t io n  a b i l i t i e s .

M endicino (1958) compared l5 0  te n th  g ra d e  boys in  a 

v o c a tio n a l  c u rricu lu m  who were ta k in g  a m achine shop and 

m ech an ica l draw ing co u rse  w ith  1$0  who were in  n o n -v o ca ­

t i o n a l  c u r r i c u l a .  From r e s u l t s  on th e  Space R e la t io n s  

T e s t ,  he concluded t h a t  such ex p e rien ce  had no more e f f e c t  

th an  th e  n o n -v o c a tio n a l  c u r r ic u la  and t h a t  th e  in c re a s e s  in
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t e s t  sco res  of both  groups were due to  g en e ra l growth or 

developm ent. However, the experiences in  the  course d id  

seem to  enable those w ith  such a cap ac ity  a t  the  beginning 

to  use th is  c a p ac ity  more e f f e c t iv e ly .  Myers (1958) a lso  

found no s ig n i f ic a n t  d if fe re n c e s  on s p a t i a l  r e la t io n s  t e s t s  

betw een those e n te r in g  co lle g e  freshmen who had taken 

m echanical drawing and those who had n o t .

The e f f e c ts  of tak ing  d e s c r ip tiv e  geometry have 

been  somewhat more p o s i t iv e .  According to  Sedgwick (1962 ) ,  

Rugg had found th a t  i t  in creased  students*  a b i l i t y  in  so lv ­

ing m anipu la tion  problems o f a geom etrical n a tu re ,  b u t 

Sedgwick d id  no t f in d  i t  to  a f f e c t  s p a t ia l  p e rc e p tio n  and 

concluded th a t  improvement was a r e s u l t  of m a tu ra tio n  and 

the g e n e ra l environm ent. A s tudy  th a t  did f in d  a d i f f e r ­

ence was th a t  by Blade and Watson (1955). They found s ig ­

n i f i c a n t  improvement on the S p a t ia l  R e la tio n s  T est f o r  

c o lleg e  freshmen who took a y ea r course in  eng ineering  

compared to  non-eng ineering  s tu d e n ts .  Myers (1953) a lso  

found s ig n i f ic a n t  ga in s  on the  S p a tia l  R e la tio n s  Test f o r  

591 cadets a t  the U. S . M ili ta ry  Academy who had a y e a r  of 

t r a in in g  includ ing  d e s c r ip tiv e  geometry and en g in ee rin g .

Since e x is t in g  courses d id  n o t g e n e ra lly  seem to  be 

e f f e c t iv e ,  a t te n t io n  was focused on methods and programs 

s p e c i f ic a l ly  designed to  promote genera l s p a t i a l  a b i l i t i e s .

Cohen (1959) had s tu d e n ts  in  s o l id  geometry con­

s t r u c t  models throughout the course , b u t found th is  d id  no t
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r e s u l t  in  s ig n i f i c a n t  d i f f e re n c e s  on th e  Space R e la t io n s  

T e s t .

Clerainson (1970) compared th e  re sp o n se s  o f  f i f t h  

g rad e  s tu d e n ts  in  th r e e  types o f  program s (p rob lem  so lv in g  

m ethod, p ro c e ss  ap p ro ach , and m u lti te x tb o o k  ap p ro ach ) to  

s e v e r a l  P ia g e tia n  t a s k s ,  in c lu d in g  one (c o o rd in a t io n  o f 

p e r s p e c t iv e s )  which was s p a t i a l .  The method was n o t  s ig ­

n i f i c a n t  f o r  t h i s  t a s k ,  a lth o u g h  he d id  f in d  two r e s u l t s  

t h a t  w ere c o n s is te n t  w ith  s tu d ie s  c i t e d  e a r l i e r .  Boys 

w ere s i g n i f i c a n t l y  b e t t e r  a t  t h i s  t a s k  than  g i r l s  and the  

c o r r e l a t i o n  between age and sc o re s  was low , in d ic a t in g  

t h a t  P i a g e t 's  s ta g e s  m ust n o t be a s s o c ia te d  o n ly  w ith  ag e .

Brinkmann ( 1966 ) developed  a th re e  week programmed 

co u rse  in  e lem en ta ry  geom etry f o r  u se  in  th e  e ig h th  g ra d e , 

u s in g  a problem  so lv in g  approach  w ith  dravfings o r  diagram s 

and s o l id s  to  m a n ip u la te . G ains f o r  th e  e x p e rim e n ta l group 

on th e  Space R e la tio n s  T e s t were s i g n i f i c a n t ,  e s p e c ia l ly  

f o r  th e  m iddle a b i l i t y  l e v e l .  He concluded  t h a t  " i t  

a p p e a rs  re a so n ab le  to  assume t h a t  th e  f u n c t io n a l  s k i l l  o f 

in d iv id u a ls  in  s p a t i a l  v i s u a l i z a t i o n  can be im proved when 

a p p ro p r ia te  t r a in in g  i s  p ro v id e d ."  (p .  l 8i{.) T h at th e  

d i f f e r e n c e  in  t e s t  s c o re s  betw een th e  sex es  was n o t  s i g n i f ­

i c a n t  su g g es ted  to  him  th a t  " g i r l s  can a t  l e a s t  h o ld  t h e i r  

own when p rov id ed  w ith  the  o p p o r tu n ity  to  l e a m  som ething 

ab o u t a p a r t i c u la r  a re a  in  which th ey  a re  o f te n  assumed to  

p o sse ss  l e s s  a b i l i t y . "  (p . l 8lj.)
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Wolfe ( 1970 ) a ls o  developed  a program  f o r  t r a in in g  

in  s p a t i a l  v i s u a l i z a t i o n ,  in v o lv in g  v id eo  ta p e s  and s tu d e n t  

a c t i v i t i e s  f o r  s e v e n th , e ig h th ,  and n in th  g ra d e s .  However, 

th e  o n ly  s i g n i f i c a n t  d i f f e r e n c e  found was t h a t  betw een th e  

e ig h th  g rad e  c la s s  t h a t  re c e iv e d  t r a in in g  and th e  one th a t  

d id  n o t  r e c e iv e  t r a i n i n g .

A lthough some o f th e s e  a tte m p ts  have n o t  proved to  

be e f f e c t i v e ,  th e  l a s t  two s tu d ie s  i n d ic a te  t h a t  i t  may be 

p o s s ib le  to  have an  e f f e c t  on s p a t i a l  a b i l i t i e s ,  a t  l e a s t  

a t  th e  e ig h th  g ra d e  l e v e l ,  when a p p ro p r ia te  t r a in in g  i s  

p ro v id e d . This v iew  was su p p o rte d  by P e e l in  sum m arizing 

h e r  experim en t when she concluded  th a t  " i t  would seem t h a t  

th e  more e x p e rien ce  we can  p ro v id e  o f m a te r ia ls  . . .  a t  

th e  a p p ro p r ia te  l e v e l ,  th e  b e t t e r . "  (p .  59) liVhen s u b je c ts  

have some knowledge o f a c o n c e p t, th ey  seem to  be a b le  to  

p r o f i t  from  such p r a c t i c e  o r  t r a i n i n g .  Thus, th e  re a so n  

th a t  D avis found a d i f f e r e n c e  in  th e  e f f e c t  o f p r a c t ic e  

betw een th e  s ix th  and e ig h th  g ra d e s  may have been  th a t  a t  

th e  e ig h th  g rade th e  s tu d e n ts  were d ev e lo p in g  t h i s  a b i l i t y  

and th e  p r a c t ic e  p e r io d  a llo w ed  them  to  s o l i d i f y  t h e i r  

u n d e rs ta n d in g  o f th e  co n cep ts  in v o lv e d .

H ypotheses

This s tu d y  i s  d i r e c te d  tow ard t e s t i n g  th e  fo llo w in g  

h y p o th e se s ;

1 . There a re  no s i g n i f i c a n t  d i f f e r e n c e s  in  th e  mean 

s c o re s  on a t e s t  o v e r th e  r o t a t i o n  and developm ent o f
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s u r fa c e s  among s i x t h ,  e ig h th ,  and te n th  g ra d e s ,  f o r  

s tu d e n ts  w ith  no t r a i n i n g .

2 ,  There a re  no s i g n i f i c a n t  d i f f e r e n c e s  in  th e  mean 

sc o re s  among low , a v e ra g e , and h ig h  a b i l i t y  l e v e l s ,  

f o r  s tu d e n ts  w ith  no t r a in in g .

3 .  There i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  th e  mean 

sc o re s  between th e  s e x e s ,  f o r  s tu d e n ts  w ith  no 

t r a in in g .

!{.. There i s  no s i g n i f i c a n t  d i f f e r e n c e  in  th e  mean 

sc o re s  betw een th e  s ix th  g rade s tu d e n ts  w ith  t r a in in g  

and those w ith o u t such  t r a i n i n g .

5 .  There i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  th e  mean 

s c o re s  between th e  e ig h th  g rade s tu d e n ts  w ith  t r a in in g  

and th o se  w ith o u t such  t r a i n i n g .



CHAPTER I I I

THE EXPERIMENT

The P o p u la tio n  

This s tu d y  was conducted in  th e  Putnam C ity  Inde­

p en d en t School D i s t r i c t ,  w hich in c lu d e s  th e  w e ste rn  p a r t  

o f Oklahoma C ity , Oklahoma and two towns w ith in  th e  c i t y  

l i m i t s  o f  Oklahoma C ity . The d i s t r i c t  has fo u r te e n  e l e ­

m entary  s c h o o ls , fo u r  ju n io r  h ig h  s c h o o ls ,  and two s e n io r  

h ig h  s c h o o ls .  Two e lem en ta ry  s c h o o ls ,  one ju n io r  h ig h  

s c h o o l ,  and one s e n io r  h ig h  sch o o l were chosen f o r  th e  

s tu d y . These sch o o ls  were s e le c te d  because  t h e i r  s tu d e n ts  

r e p r e s e n t  a wide ran g e  o f socio -econom ic c o n d i t io n s .  While 

p red o m in an tly  m id d le -c la s s ,  th e  f a m il ie s  v a ry  from  unem­

p loyed  to  p ro f e s s io n a l ,  w ith  e d u c a tio n a l backgrounds from  

e lem e n ta ry  schoo l e d u c a tio n s  to  advanced d e g re e s .

The c la s s e s  a v a i la b le  in  th e se  sc h o o ls  were seven 

s ix th  g rad e  c la s s e s ,  e ig h t  r e g u la r  e ig h th  g rad e  c la s s e s ,  

one e ig h th  and n in th  g rade  a lg e b ra  c l a s s ,  and th r e e  te n th  

g ra d e  c la s s e s .  The te n th  g rad e  c la s s e s  were a f i r s t  y e a r  

a lg e b ra  c l a s s ,  a p lan e  geom etry c l a s s ,  and an honors 

geom etry  c la s s .

2 k
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The academ ic a b i l i t i e s  o f  th e s e  s tu d e n ts  were 

m easured by the  S h o rt Form T est o f Academic A chievem ent 

(SPTAA) which had been  g iv en  by th e  sch o o l sy stem . Those 

s tu d e n ts  f o r  whom th e  sch o o ls  d id  n o t  have t e s t  r e s u l t s  

were e lim in a te d  from c o n s id e r a t io n .  T his l e f t  122 s ix th  

g r a d e r s ,  197 e ig h th  g r a d e r s ,  and 5 l  t e n th  g r a d e r s .  T h e ir 

SPTAA sc o re s  ranged  from  73 to  l2^6, w ith  a mean o f  1 0 5 .1 .

The C r i te r io n  T est

In  o rd e r  to  e v a lu a te  th e  s u b je c t s ' a b i l i t i e s  to  

deve lop  and r o ta te  s u r fa c e s  o f  s o l i d s ,  a t e s t  was developed  

by th e  ex p e rim en te r, based  upon th e  p ro c ed u re s  o f  P ia g e t  

and In h e ld e r .  In  t h e i r  i n v e s t i g a t io n s ,  P ia g e t  and In h e ld e r  

re q u ir e d  th e i r  s u b je c ts  to  draw o r  to  p ic k  o u t th e  r e s u l t  

o f  d ev e lo p in g  th e  cone and c y lin d e r  and o f r o t a t i n g  th e  

s id e s  o f  a cube and a te t r a h e d ro n .

The c r i t e r i o n  t e s t  c o n s is te d  o f  t h r e e  p a r t s .  For 

th e  f i r s t  two p a r t s ,  th e  fo u r  s o l id s  o f  P ia g e t  and In h e ld e r  

( th e  cone, th e  c y l in d e r ,  th e  cube, and th e  te t ra h e d ro n )  

w ere used  so t h a t  a com parison could  be made w ith  t h e i r  

s u b je c t s .  E ig h t o th e r  s o l id s  were a l s o  s e le c te d  f o r  th e  

t e s t  and two s o l id s  to  be used  as exam ples. Models o f 

th e se  s o l id s  were c o n s tru c te d  from  y ello w  p a s te b o a rd . The 

s o l id s  used  a re  g iven  in  Appendix A.

The f i r s t  two p a r t s  o f  th e  t e s t  were i d e n t i c a l  

e x c ep t f o r  the method o f re sp o n d in g . In  P a r t  One, th e  

s u b je c ts  were re q u ir e d  to  draw th e  f ig u r e  t h a t  would r e s u l t
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when th e  s o l id  was developed  o r th e  s id e s  r o t a t e d .  S ince  

th e  t e s t  was g iven  to  sm all g roups o f  s u b je c t s ,  th e  m odels 

were h e ld  up by th e  ex p e rim e n te r  and s lo w ly  tu rn ed  around 

so  th a t  th e  s u b je c ts  could se e  a l l  th e  p a r t s  o f  th e  s o l id *  

Two examples were p re s e n te d  to  be c e r t a i n  t h a t  th e  d i r e c ­

t io n s  were u n d e rs to o d . Each example s o l id  was shown to  th e  

s u b je c t s ,  th e  s u b je c ts  were asked  to  draw th e  r e s u l t ,  and 

th en  th e  s o l id  was c u t  open to  show th e  c o r r e c t  r e s u l t .

The t e s t  s o l id s  were th en  p re s e n te d ,  one a t  a tim e . Book­

l e t s  o f b la n k  pages were g iv e n  to  th e  s u b je c t s ,  w ith  one 

f ig u r e  to  be drawn on each p ag e .

In  P a r t  Two, th e  same s o l id s  w ere p re s e n te d  In  th e  

same o rd e r a s  In  P a r t  One. For each s o l i d ,  fo u r  p o s s ib le  

f ig u r e s  and a ch o ice  o f "none o f the  above" were g iv en  and 

th e  s u b je c ts  were to  s e l e c t  th e  c o r r e c t  answ er.

The th i r d  p a r t  o f th e  t e s t  was d es ig n ed  to  e v a lu a te  

th e  a b i l i t y  to  e n v is io n  the  r e s u l t  o f  th e  re v e rs e  o p e ra t io n .  

I t  co n ta in ed  f i f t e e n  f i g u r e s ,  each o f which was a f ig u re  

c o n s is t in g  o f  s ix  connected  s q u a re s .  For th e  f i r s t  te n , 

th e  s u b je c t  was to  d ec id e  w he ther th e  f i g u r e  could  be 

fo ld e d  to  form  a cube . The o th e r  f i v e  cou ld  be fo ld e d  to  

form  cubes and the  s u b je c t  was to  d ec id e  which fa c e  would 

be o p p o s ite  a p a r t i c u l a r  f a c e  'when th e  f ig u r e  was fo ld e d .  

P a r ts  Two and Three o f  th e  t e s t  a re  g iv en  in  A ppendices B 

and C.

For a l l  g ro u p s . P a r t  One was g iv en  f i r s t ,  fo llo w ed
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by  P a r ts  Two and T h ree , so  t h a t  th e  g iv e n  f ig u r e s  would n o t  

a f f e c t  th e  d raw in g s .

The d raw ing  p a r t  o f  th e  t e s t  was g iv en  to  a s ix th  

g rade  c la s s  in  Moore, Oklahoma to  d e te rm in e  the  ty p es o f 

e r r o r s  t h a t  would he made. These w ere used  in  d ev e lo p in g  

th e  ch o ice s  f o r  th e  m u l t ip le  ch o ice  p a r t  o f  th e  t e s t .  The 

p i l o t  s tu d y  a ls o  gave th e  e x p e rim e n te r  e x p e rie n c e  in  adm in­

i s t e r i n g  th e  t e s t ,  showed where changes were needed in  the  

d i r e c t io n s  f o r  th e  t e s t ,  and p ro v id ed  e s t im a te s  o f th e  tim e 

needed f o r  each  item .

The T ra in in g  P ro ced u re

A two p a r t  t r a in in g  p ro ced u re  was developed  to  p ro ­

v id e  th e  a c t iv e  p a r t i c ip a t i o n  in  fo ld in g  s o l id s  which 

P ia g e t a s s e r te d  i s  needed to  be a b le  to  e n v is io n  such 

a c t io n s .

F o r th e  f i r s t  p a r t ,  n in e  s o l i d s ,  d i f f e r e n t  from  

th o se  on th e  t e s t ,  were chosen . Some o f  th e se  s o l id s  were 

to  be u n fo ld ed  in  d i f f e r e n t  w ays, r e s u l t i n g  in  fo u r te e n  

s o l id s  b e in g  u se d . Models o f th e  s o l id s  were made of 

p a s te b o a rd  w ith  ta p e  a p p lie d  on th e  edges to  be c u t .  These 

edges w ere a l s o  marked w ith  b la c k  l i n e s  so  t h a t  th e  su b ­

j e c t s  co u ld  see  c l e a r l y  how th e  s o l i d  was to  be opened.

For each  s o l i d ,  a model was g iv en  to  each  s u b je c t .  He was 

asked to  in s p e c t  i t  c a r e f u l l y ,  n o t ic in g  th e  number and 

shape o f  i t s  f a c e s ,  and th en  to  draw th e  shape he th o u g h t 

would r e s u l t  when i t  was u n fo ld e d . He was th en  asked  to
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compare th e  s o l id  to  h i s  draw ing and to  c o n s id e r  w he ther 

he had in c lu d e d  a l l  th e  fa c e s  and w hether th e y  were th e  

c o r r e c t  sh a p e s . The ex p e rim en te r th e n  c u t th e  ta p e  fo r  

th e  s tu d e n ts  and th e y  were g iv en  tim e to  check th e  r e s u l t s  

and m an ip u la te  the s id e s  th em se lv es . A f te r  each  s o l i d  was 

f i n i s h e d ,  an in c o r r e c t  draw ing was shown and th e r e  was a 

d is c u s s io n  o f  why i t  was n o t  p o s s ib le  to  c u t th e  s o l i d  to  

form  th e  in c o r r e c t  f i g u r e .  The s o l id s  and d raw ings used 

a r e  g iv e n  in  A ppendices D and S.

F or th e  second p a r t  o f  th e  t r a in in g  p ro c e d u re , te n  

f i g u r e s ,  each  c o n s is t in g  o f  s ix  co n n ec ted , numbered sq u a res  

were chosen . These were a l s o  d i f f e r e n t  from  th o se  on th e  

t e s t .  For each f i g u r e ,  a copy was g iv en  to  each s u b je c t .

He was asked  to  im agine h im se lf  fo ld in g  i t  and to  d e term in e  

i f  i t  would fo ld  to  form  a cube. He was a l s o  asked to  

d e c id e  w hat numbers would be on th e  fa c e s  th a t  would be 

o p p o s ite  each  o th e r  when th e  f ig u r e  was f o ld e d .  He was 

th en  g iv e n  tim e to  t r y  to  fo ld  i t  and to  i n v e s t ig a te  the 

r e s u l t s .  The movement o f th e  fa c e s  and th e  r e s u l t s  were 

th en  d is c u s s e d .  The f ig u r e s  used a r e  g iv en  in  Appendix F.

S e le c t io n  o f th e  Sample

The p o p u la tio n  was b locked  by age (a s  m easured by 

g r a d e ) ,  s e x , and a b i l i t y  (a s  m easured by SPTAA s c o r e s ) .  In  

o rd e r  to  d i f f e r e n t i a t e  betw een a b i l i t y  l e v e l s ,  an  i n t e r v a l  

o f  s ix te e n  (one s ta n d a rd  d e v ia t io n  o f th e  n a t io n a l  d i s t r i ­

b u tio n )  was chosen fo r  the  av e rag e  a b i l i t y  g ro u p . S ince
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b asin g  th i s  i n t e r v a l  on e i t h e r  th e  n a t io n a l  mean o r  th e  

p o p u la tio n  mean would have r e s u l te d  in  some sm all b lo c k s , 

th e  i n te r v a l  o f  95-110 was s e le c te d  f o r  th e  av e rag e  a b i l i t y  

le v e l  in  o rd e r  to  m inim ize such b lo c k s ,  Vfi t h i n  each  b lo c k , 

s u b je c ts  were random ly chosen w ith  th e  u se  o f a random 

number t a b l e .  F or each  s ix th  and e ig h th  g rad e  b lo ck , 

tw elve s u b je c ts  were s e le c te d ,  w ith  a l t e r n a t e  s u b je c ts  

b e in g  a ss ig n e d  to  th e  group to  r e c e iv e  t r a in in g  and t e s t i n g  

and th e  group to  be te s te d  o n ly . H e n c e fo r th , th ese  g roups 

w i l l  be r e f e r r e d  to  as th e  group w ith  t r a in in g  and th e  

group w ith o u t t r a i n i n g .  S ix  te n th  g ra d e rs  were s e le c te d  

from  each  b lo ck  ex cep t th e  low a b i l i t y  m ales . Only two 

such m ales were a v a i l a b le .  I f  p e rm iss io n  was n o t g iv en  by 

the p a re n ts  f o r  the  s tu d e n t  to  p a r t i c i p a t e  o r the s tu d e n t  

d id  n o t  w ish  to  p a r t i c i p a t e ,  a re p la cem e n t was random ly 

s e le c te d  from  h i s  b lo c k . Because o f  i l l n e s s  and the  

r e f u s a l  o f s e v e ra l  h ig h  a b i l i t y ,  e ig h th  g rade  fem ales to  

p a r t i c ip a t e ,  th e re  were o n ly  th re e  s u b je c ts  in  th e  e ig h th  

g ra d e , h ig h  a b i l i t y ,  fem ale group  w ith  t r a in in g .

The mean ages f o r  th e  s u b je c ts  in  each  g rade w ere; 

s ix th  g ra d e , tw elv e  y e a r s ,  no m onths; e ig h th  g ra d e , f o u r ­

te en  y e a r s ,  no m onths; and te n th  g ra d e , s ix te e n  y e a r s ,  no 

m onths. The mean IQ f o r  each  group i s  g iv en  in  ta b le  1 .

I n s t r u c t io n a l  and T e s tin g  P ro ced u res

The s u b je c ts  met w ith  th e  e x p e rim e n te r  a t  the  tim e 

o f t h e i r  r e g u la r  m athem atics c la s s e s  in  s e p a ra te  rooms
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T ab le  1

E lem entary  S t a t i s t i c s  o f the  S u b je c ts ' IQs 
by T rea tm en t, G rade, Sex, and A b i l i ty

Grade Sex A b il .
l e v e l

Treatm ent

W ithout t r a in in g W ith t r a in in g

Mean SD No. o f Mean SD No. o f
s u b j . s u b j .

H 116.7 k.2 6 1 2 0 .2 6 .1 6
M A 103.5 3.8 6 103.3 3 .9 6

L L 86.3 7.2 6 8 7 .7 f(..8 6
0

H 1 2 5 .8 10.7 6 1 1 9 .8 6 .7 6
P A 1 0 0 .8 5.0 6 1 0 1 .8 3 .1 6

L 86.5 6.7 6 88.3 5 .6 6

H 1 1 6 .7 3.9 6 1 1 9 .5 6 .6 6
M A io l)-.5 5.0 6 1 0 1 .7 K-2 6

L 9 0 .0 2.3 6 8 8 .7 3 .7 6
8

H 121.3 7.6 6 n il- .? 3 .3 3
P A 102.7 3.5 6 102.7 2 .5 0

L 89.7 k.2 6 9 1 .8 2 .0 6

H 115.7 6.7 6
M A 105.5 l^-.l 6

L 87.5 3.5 2
10

H 1 2 2 .3 7 .7 6
F A 1 0 1 .8 it-.2 6

L 91.7 2.5 6

p ro v id ed  by th e  s c h o o ls .  A ll  th e  s u b je c ts  from  a c la s s  

r e c e iv in g  t r a in in g  met to g e th e r  f o r  th e  t r a in in g  s e s s io n s  

and were then  jo in ed  by th e  o th e rs  from  t h e i r  c la s s  f o r  

t e s t i n g .  Thus, each g roup  co n ta in ed  s u b je c ts  o f  b o th  sexes 

and o f  d i f f e r e n t  a b i l i t y  l e v e l s .  The groups r e c e iv in g
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t r a i n i n g  ranged  in  s i z e  from  two to  e ig h t  and th e  t e s t  was 

g iv e n  to  groups o f s ix  to  t h i r t e e n  s u b je c t s .  The number o f 

s u b je c t s  in v o lv ed  from  each c la s s  i s  g iv en  in  ta b le  2 .

One week was a llow ed  f o r  each group  o f c l a s s e s ,  

w ith  Monday th rough  Wednesday a v a i la b le  f o r  t r a in in g  and 

th e  o th e r  two days f o r  t e s t i n g .  The t r a in in g  p ro ced u re  

r e q u ir e d  ap p ro x im a te ly  n in e ty  m in u tes and th e  t e s t i n g  ab o u t 

f o r t y - f i v e  m in u te s . S in ce  th e  s ix th  g ra d e  c la s s e s  were 

f o r t y - f i v e  m inu tes in  le n g th ,  Monday, T uesday, and p a r t  o f 

Wednesday were used  f o r  the  t r a in in g  program . P a r ts  One 

and Two o f th e  t e s t  were g iv en  on Thursday and P a r t  Three 

on F r id a y . The e ig h th  g rade c la s s e s  were lo n g e r ,  so t h a t  

th e  t r a in in g  was com pleted on Tuesday and th e  t e s t  g iv en  

on T hursday . One day was a ls o  s u f f i c i e n t  f o r  t e s t in g  th e  

te n th  g ra d e rs .

The f i r s t  two weeks were s p e n t a t  th e  e lem en ta ry  

s c h o o ls .  The ex p e rim en te r worked w ith  th e  th re e  c la s s e s  in  

one schoo l th e  f i r s t  week and w ith  th e  fo u r  c la s s e s  in  th e  

o th e r  schoo l th e  second week. The t h i r d  and f o u r th  weeks 

w ere sp en t a t  th e  ju n io r  h ig h  sc h o o l, w orking w ith  th e  

s u b je c ts  from  th e  fo u r  c la s s e s  o f one te a c h e r  th e  f i r s t  

week and th e  fo u r  c la s s e s  o f th e  second te a c h e r  and th e  

s u b je c ts  from th e  a lg e b ra  c l a s s  th e  second week. The te n th  

g ra d e rs  were te s t e d  on Monday o f th e  f i f t h  week. I t  was 

n e c e s s a ry  to  g iv e  th e  t e s t  to  th e  e n t i r e  t e n th  g rade 

c l a s s e s ,  w ith  on ly  th e  sco re s  o f th e  s e le c te d  s u b je c ts
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Table 2
Number o f  S u b je c ts  Prom Each C lass

Grade C la ss
Number o f 
s tu d e n ts  

In  th e  c la s s  
w ith  re c o rd s

Number o f 
s u b je c ts  in  
group w ith  

t r a in in g

Number o f 
s u b je c ts  in  
g roup  w ith ­

o u t t r a in in g

1 20 6 7

2 21 4 7

3 19 4 3

6 Ü4- 6 4

5 18 7 5
6 17 5 5
7 13 4 5

1 24 4 7

2 23 5 1

3 21 8 4

21 2 5
8 5 23 2 2

6 26 4 5
7 18 4 4

6 24 4 4

A lgebra 17 0 4

A lgebra 15 8

10 Geometry 21 i6

Honors
Geometry

15 8
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b e in g  a n a ly z e d .

D uring th e  p e r io d s  t h a t  th e  g roups r e c e iv in g  t r a i n ­

ing  were away from  t h e i r  r e g u la r  c la s s e s  no c la s s e s  were 

s tu d y in g  any a s p e c ts  o f  g eo m etry . Ihe s ix th  g ra d e  c la s s e s  

were w orking on f r a c t i o n s  and d ec im a ls  and th e  e ig h th  g rad e  

c la s s e s  were s tu d y in g  p e r c e n ts .  The s u b je c ts  w ere a ls o  

asked n o t  to  d is c u s s  th e  ex p e rim en t w ith  t h e i r  c la s s m a te s .

W hile th e  th r e e  p a r t s  o f  th e  t e s t  were alw ays g iv en  

in  th e  same o rd e r ,  th e  o rd e r  o f th e  item s w ith in  each p a r t  

o f th e  t e s t  was random ly s e le c te d  f o r  each  group  b e in g  

t e s t e d .  The s o l id s  o f  P a r t  One, th e  m u ltip le  ch o ice  

f ig u re s  f o r  each s o l id  o f P a r t  Two, and th e  f ig u r e s  in  

each s e c t io n  o f  P a r t  Three were random ly o rd e red  so  t h a t  

no two g roups were g iv en  i d e n t i c a l  t e s t s .

P a r ts  Two and Three o f th e  t e s t  were g raded  by th e  

ex p e rim en te r w ith  th e  g ra d e  f o r  each item  b e in g  a one i f  

c o r re c t  and a ze ro  i f  in c o r r e c t .  The draw ings o f  P a r t  One 

were e v a lu a te d  by th e  ex p e rim en te r  and a c o l le g e  m athe­

m a tic s  i n s t r u c t o r .  S ince th e  t e s t s  o f  th e  d i f f e r e n t  groups 

were mixed to g e th e r ,  th e  g ra d e rs  d id  n o t know to  which 

group any s u b je c t  b e lo n g ed . The item s were g raded  on a 

th re e  p o in t  b a s is  w ith  a ze ro  f o r  l i t t l e  o r  no u n d ers ta n d in g  

o f th e  c o r r e c t  f i g u r e ,  a one f o r  some u n d e r s ta n d ln g , and a 

two f o r  a c o r r e c t  d raw in g . When the  g ra d es  d i f f e r e d ,  the  

draw ing was d is c u s s e d  and a g rad e  was ag reed  upon.
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Method o f  A n a ly sis

The a n a ly s is  o f  th e  a b i l i t y  o f  th e  s u b je c ts  w ith o u t 

t r a in in g  and o f  th e  e f f e c t  o f  t r a in in g  was b ased  on th e  

sc o re s  on each  p a r t  o f  th e  c r i t e r io n  t e s t .  The a n a ly s i s  

o f  v a r ia n c e  was chosen a s  th e  s t a t i s t i c a l  t e s t .  In  an a­

ly z in g  th e  a b i l i t y  o f th e  group w ith o u t t r a i n i n g ,  th e  

v a r ia b le s  were ag e , a b i l i t y ,  and se x . The e f f e c t  o f  t r a i n ­

in g  a t  th e  s i x t h  and e ig h th  g ra d es  was in v e s t ig a te d  by 

com paring th e  group w ith  t r a in in g  w ith  th e  g roup  w ith o u t 

t r a i n i n g ,  w ith  a b i l i t y  and sex  a ls o  b e in g  u sed  a s  v a r ia b le s .  

In  each p a r t  o f th e  a n a ly s i s ,  each  p a r t  o f  th e  t e s t  was 

an a ly zed  s e p a r a te ly .  Comparisons were made w ith in  le v e l s  

o f  s i g n i f i c a n t  main e f f e c t s  u s in g  T ukey 's t e s t .  S ig n i f ­

i c a n t  i n te r a c t io n s  were a ls o  in v e s t ig a te d  f o r  d i f f e r e n t i a l  

r e s u l t s  w ith in  le v e ls  o f  th e  v a r ia b le s  in v o lv e d , u s in g  

t e s t s  o f  s im p le  main e f f e c t s .

The P earson  product-m om ent c o r r e l a t i o n  c o e f f i c i e n t  

was c a lc u la te d  to  determ ine i f  th e re  was a r e l a t io n s h ip  

betw een th e  resp o n ses  on th e  draw ing and m u lt ip le - c h o ic e  

p a r t s  o f th e  t e s t .

The K uder-R ichardson Formula No. 20 was a p p lie d  to  

each  p a r t  o f  th e  t e s t  to  o b ta in  a m easure o f  i t s  r e l i ­

a b i l i t y .

The d i f f i c u l t y  le v e l  o f  each item  was a l s o  

c a lc u la  te d .



CHAPTER IV

PRESENTATION AND ANALYSIS OP THE DATA

The raw sc o re s  and th e  group m eans, s ta n d a rd  d e v ia ­

t i o n s ,  and numbers o f  s u b je c ts  f o r  each  p a r t  o f  th e  t e s t  

a r e  g iv e n  in  A ppendices G and H.

R e l i a b i l i t y

The K uder-R ichardson Formula No. 20 was a p p l ie d  to

each  p a r t  o f th e  c r i t e r i o n  t e s t  to  o b ta in  a m easure o f i t s

r e l i a b i l i t y .  The form ula i s  r  = -—- —  f l  -  where
k -  1 L_ s ”̂  j

k =  number o f  item s on th e  t e s t ,  p =  p e rc e n t  o f  c o r r e c t
2

re sp o n se s  on each ite m , and s =: v a r ia n c e  o f  th e  t e s t  

s c o r e s .  (Downie, p .  2^6) The r e s u l t s  f o r  each  o f  th e  p a r t s  

a r e :  P a r t  One, r =  .7 3 ; P a r t  Two, r  =  .5 5 ; and P a r t  T hree, 

r  a  .7 0 .  The sco re s  on P a r ts  One and Three seem to  be 

c o n s i s t e n t  from  item  to  item  and to  be f r e e  o f e x p e rim e n ta l 

e r r o r .  The low r e l i a b i l i t y  o f  P a r t  Two cou ld  in d ic a te  t h a t  

th e  u s e  o f  m u lt ip le -c h o ic e  item s i s  n o t  an  ad eq u a te  method 

f o r  m easu rin g  the  s tu d e n t s ' u n d e rs ta n d in g  o f th e  s o l i d s .  

This a g re e s  w ith  P ia g e t  and I n h e ld e r ' s s ta te m e n t t h a t  " th i s  

method canno t be used  a lo n e , f o r  th e  c h i ld r e n  tend  to  p ic k  

o u t th e  r i g h t  draw ing much to o  e a s i l y ,  n o t th rough  genuine

35
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Tindersta n d ln g  but by guessing on the basis o f  certain 
d e t a i l s . ” ( p .  Z l k )

E ffe c t  o f G rade. A b i l i ty ,  and Sex 

The a n a ly s is  of v a r ia n c e  was a p p lie d  to  th e  sco re s  

o f  th e  g roups w ith o u t t r a i n i n g ,  u s in g  g ra d e , a b i l i t y ,  and 

sex  a s  v a r ia b l e s .  S ince  th e  la c k  o f  t e n th  g ra d e  m ales was 

n o t  r e l a t e d  to  th e  ex p e rim en ta l p ro c e d u re , an  unw eighted  

means a n a ly s is  was u se d , u s in g  the co m p u ta tio n a l p ro ced u re  

d e s c r ib e d  by K irk . Each p a r t  o f th e  t e s t  was an a ly zed  

s e p a r a te ly .

P a r t  One

The c e l l  means and th e  summary o f th e  a n a ly s i s  o f  

v a r ia n c e  f o r  P a r t  One a r e  g iv en  In  the  fo llo w in g  t a b l e s .

T ab le 3

C e ll Means o f  P a r t  One f o r  G rade, A b i l i t y ,  and Sex

Sex A b i l i ty
le v e l

Grade

6 8 10

High 15.50 18.17 20 .0 0

Male Average 15 .17 18.00 19.67

Low 12.83 16.67 17.00

High 15.00 17.50 20 .0 0

Female Average 14.17 15.00 16 .83

Low 9 .33 14.33 10.67
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Table

Unweighted Means A n a ly s is  o f  V ariance o f  P a r t  One 
f o r  G rade, A b i l i ty ,  and Sex

Source Sum of 
sq u a res

D egrees of 
freedom

Mean
sq u are

F

A (g rad e ) 250 .12 2 1 2 5 .0 6 6 .5 1 * *

B ( a b i l i t y ) 308 .8? 2 154.43 8.Q5**

C (se x ) 1 2 5 .0 1 1 1 2 5 .0 1 6 .5 2 *

AB 18.83 12.21 .6 4

AC 5 .5 2 2 2 .7 6 .1 4

BC 51 .4 7 2 25 .73 1 .3 4

ABC 2ii..63 K 6 .1 6 .3 2

w. c e l l 1 6 4 9 .8 3 86 1 9 .1 8

s i g n i f i c a n t  a t  .01  le v e l s i g n i f i c a n t  a t  .05 l e v e l

A ll  th re e  v a r ia b le s ,  g ra d e , a b i l i t y ,  and sex were 

found to  be s i g n i f i c a n t .  The means o f th e  l e v e ls  o f th e se  

v a r ia b le s  a r e  g iv en  in  th e  fo llo w in g  t a b l e .

Table 5

Means of th e  L evels o f  th e  V a r ia b le s  
G rade, A b i l i ty ,  and Sex

Grade A b i l i ty Sex

6 1 3 .6 7 High 1 7 .6 9 Male 1 7 .0 0

8 1 6 .6 1 Average 1 6 .4 7 Fema le 1 4 .7 6

10 1 7 .4 1 Low 1 3 .0 3
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T u k ey 's  t e s t  f o r  making com parisons among means 

was a p p lie d  to  th e  v a r ia b le s  o f  g rad e  and a b i l i t y  to  

d e te rm in e  the  so u rces  o f  th e  e f f e c t s .  The d i f f e r e n c e s  

among th e  means and th e  r e s u l t s  o f  T ukey 's  t e s t  a r e  g iv e n  

in  the  fo llo w in g  t a b l e s .

Table 6

D if fe re n c e s  in  Means 
o f  th e  Grade L evels

T ab le  7

D if fe re n c e s  in  Means 
o f  the  A b i l i ty  L evels

X 8 10 X Average Low

6 3.7V=^' High 1 .2 2 1^.66""'

8 .80 Average

s i g n i f i c a n t  a t  .01 l e v e l  
s i g n i f i c a n t  a t  .05  l e v e l

s i g n i f i c a n t  a t  .01  l e v e l

Thus, i t  was d e te rm in ed  th a t  th e  m ales sc o red  

s i g n i f i c a n t l y  h ig h e r  than  th e  fe m a le s , th e  e ig h th  and te n th  

g ra d e rs  h ig h e r  th a n  th e  s ix th  g ra d e r s ,  and th e  h ig h  and 

av e rag e  a b i l i t y  s u b je c ts  h ig h e r  th an  th e  low a b i l i t y  

s u b je c t s .

P a r t  Two

The c e l l  means and th e  summary o f  th e  a n a ly s i s  o f  

v a r ia n c e  f o r  P a r t  Two a r e  g iv en  in  the fo llo w in g  t a b l e s .
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Table 8

C ell Means of P a r t  Two f o r  G rade, A b i l i ty ,  and Sex

Sex A b i l i ty
le v e l

Grade

6 8 10

High 8 .0 0 8.83 9 .1 7

Male Average 7 .17 8 .33 9 .67

Low 8.17 8.67 9 .0 0

High 9.33 9.33 9 .6 7

Female Average 6 .5 0 7 .67 8 .83

Low 5.1 7 7.17 8 .3 3

T ab le  9

Unweighted Means A n a ly sis  o f  V arian ce  o f  P a r t  Two 
f o r  G rade, A b i l i t y ,  and Sex

Source Sum o f  
sq u a re s

D egrees o f 
freedom

Mean
square

F

A (g rad e) 1).8.20 2 2lj..lO

B ( a b i l i t y ) 30.65 2 15.32 4 . 09*

C (sex ) 7 .5 0 1 7 .5 0 2 .0 0

AB 8 .4 5 h 2 .1 1 .5 6

AC .8 0 2 , k o .11

BC 25.65 2 12.82 3 4 f *

ABC 8 .0 5 k 2 .0 1 .5if

w. c e l l 322.00 86 3 . 7I1.

s i g n i f i c a n t  a t  .01  l e v e l •K- s i g n i f i c a n t  a t  .05  l e v e l
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G rade, a b i l i t y ,  and th e  i n t e r a c t io n  o f  a b i l i t y  and 

aex were found to  be s i g n i f i c a n t .  Ihe means o f  th e  le v e ls  

o f  th e  th re e  v a r ia b le s  a re  g iv en  in  th e  fo llo w in g  t a b le .

Table 10

Means o f  th e  L evels o f th e  V a ria b le s  
G rade, A b i l i ty ,  and Sex

Grade A b i l i ty Sex

6 7 .3 9 High 9 .06 Male 8 .5 2

8 8.33 Average 8 .03 Female 8 .0 0

10 9 .1 2 Low 7 .59

The d i f f e r e n c e s  among th e  means o f  th e  l e v e l s  o f 

th e  s i g n i f i c a n t  v a r ia b le s ,  g rade and a b i l i t y ,  and th e  

r e s u l t s  o f ap p ly in g  T ukey 's t e s t  to  th e s e  v a r ia b le s  a re  

g iv en  in  th e  fo llo w in g  t a b l e s .

T able 11

D iffe re n c e s  i n  Means 
o f  th e  Grade L evels

T able 12

D if fe re n c e s  in  Means 
o f  the  A b i l i ty  L evels

\
8 10

\
Average Low

6 •9 k 1.7!^'""' High 1.03  1 . 1̂ 6**

8 .79 A verage .43

s ig n i f i c a n t  a t  .01  le v e l s i g n i f i c a n t  a t  .01  le v e l

Thus, th e  te n th  g rad e  s u b je c ts  sco red  s i g n i f i c a n t l y  

h ig h e r  than  th e  s ix th  g rad e  s u b je c c s ,  and th e  h ig h  a b i l i t y  

s u b je c ts  h ig h e r  th an  th e  low a b i l i t y  s u b je c t s .  However,
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th e  e f f e c t  o f a b i l i t y  m ust be q u a l i f i e d ,  due t o  th e  i n t e r ­

a c t io n  betw een a b i l i t y  and se x . To exam ine t h i s  r e l a t i o n ­

s h ip ,  a t e s t  o f  sim ple ma i n - e f f e c t s  was a p p l ie d ,  u s in g  th e  

p ro ced u re  d e sc r ib e d  by K irk . The means o f  th e  l e v e l s  o f 

a b i l i t y  and sex  and th e  summary o f  th e  a n a ly s i s  o f  v a r ia n c e  

a r e  g iv en  in  th e  fo llo w in g  t a b l e s .

T ab le  13

Means o f  th e  L evels  o f  th e  V a r ia b le s  
A b i l i ty  and Sex

Male Female

High 8 .6 7 9 .4 4

Average 8 .3 9 7 .6 7

Low 8 .5 0 6 .8 9
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T able li|.

A n a ly s is  o f  V ariance f o r  A b i l i ty  and Sex

Source Sum o f  
sq u a res

D egrees o f  
freedom

Mean
sq u are

P

B ( a b i l i t y ) 30 .65 2 15 .32 1|..09*

B a t  c^ (M) .70 2 .35 .09

B a t  Og (P) 5 5 .6 0 2 2 7 .80 7.14.2*-*

C (se x ) 7 .5 0 1 7 .5 0 2 .0 0

C a t  b^ (H) 4 .9 0 1 4 .9 0 1 .3 1

C a t  bg (A) k -23 1 I1..23 1 .1 3

C a t  b^ (L) 2k- 03 1 2k-03 6 .42*

BC 25.65 2 12.82 3 . 42*

w. c e l l 322.00 86 3.7k

in­ s ig n i f i c a n t  a t  .01  l e v e l  s i g n i f i c a n t  a t  .0 5  l e v e l

Thus, a b i l i t y  was found to  be s i g n i f i c a n t  f o r  th e  

fem ales and sex  f o r  th e  low a b i l i t y  s u b je c t s .

P a r t  Three

The c e l l  means and th e  summary o f th e  a n a ly s is  o f 

v a r ia n c e  f o r  P a r t  Three a r e  g iv e n  in  the  fo llo w in g  t a b l e s .
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T able l5

C ell Means o f P a r t  Three f o r  G rade, A b i l i ty ,  and Sex

Sex A b i l i ty
le v e l

Grade

6 8 10

High 11.00 13.33 1 3 .3 3

Male Average 8.83 1 1 .8 3 1 3 .5 0

Low 11.33 1 2 .5 0 1 3 .0 0

High 1 1 .5 0 1 3 .8 3 1 3 .5 0

Female Average 1 1 .5 0 1 0 .1 7 1 3 .6 7

Low 7.83 1 2 .8 3 1 1 .6 7

Table l6

Unweighted Means A n a ly s is  o f  V arian ce  o f P a r t  Three 
f o r  G rade, A b i l i ty ,  and Sex

Source Sum of 
sq u a res

D egrees o f 
freedom

Mean
sq u are

P

A (g rad e) 1 3 5 .4 3 2 6 7 .7 2 1 3 .5 7

B ( a b i l i t y ) 3 0 .8 6 2 1 5 .4 3 3 .0 9

C (sex ) 1 .4 0 1 1 .4 0 .28

AB 3 1 .5 9 4 7 .9 0 1.58
AC .2 2 2 .1 1 .02

BC 1 9 .2 8 2 9 .6 4 1 .9 3

ABC 48.17 4 1 2 .0 4 2 .4 1

w. c e l l 4 2 9 .1 7 86 4 .9 9

s i g n i f i c a n t  a t  .01  le v e l
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The o n ly  s i g n i f i c a n t  v a r ia b le  found  was g ra d e .  The 

means o f th e  l e v e l s  o f  th e  th re e  v a r ia b le s  a r e  g iv en  in  

th e  fo llo w in g  t a b l e .

Table 1?

Means o f  th e  L ev e ls  o f th e  V a r ia b le s  
G rade, A b i l i ty ,  and Sex

Grade A b i l i ty Sex

6 10.33 High 12.75 Male 12.00

8 12.^2 Average 11.58 Female 11.83

10 13.13 Low 11.31».

The d i f f e r e n c e s  among the  means o f  th e  l e v e l s  of 

th e  s i g n i f i c a n t  v a r ia b le ,  g ra d e , and the  r e s u l t s  o f  a p p ly ­

in g  Tukey 's t e s t  to  t h i s  v a r ia b le  a r e  g iv e n  in  th e  

fo llo w in g  t a b l e .

T ab le  l8

D if f e re n c e s  in  Means 
o f  the Grade L evels

\ 8 10

6 2 . 08** 2.79'“'"

8 .71

s i g n i f i c a n t  a t  .01

Thus, the  e ig h th  and te n th  g ra d e rs  sc o red  s i g n i f ­

i c a n t ly  h ig h e r  th an  th e  s i x t h  g ra d e r s .
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The grade l e v e l  was found to  be s i g n i f i c a n t  f o r  a l l  

th r e e  p a r t s  o f  th e  t e s t .  For P a r ts  One and T hree , b o th  th e  

e ig h th  and te n th  g ra d e rs  s c o re d  s i g n i f i c a n t l y  h ig h e r  than  

th e  s ix th  g ra d e rs ,  w h ile  on P a r t  Two o n ly  th e  d i f f e r e n c e  

betw een th e  s ix th  g ra d e rs  and th e  te n th  g ra d e rs  was s i g n i f ­

i c a n t .  A b i l i ty  l e v e l  was s i g n i f i c a n t  on P a r t s  One and Two. 

On P a r t  One, b o th  th e  h ig h  and av e rag e  a b i l i t y  s u b je c ts  

sco red  s i g n i f i c a n t l y  h ig h e r  th an  th e  low a b i l i t y  s u b je c t s .  

On P a r t  Two, the h ig h  a b i l i t y  s u b je c ts  sco red  s i g n i f i c a n t l y  

h ig h e r  th a n  the  low a b i l i t y  s u b je c ts ,  w ith  t h i s  d i f f e r e n c e  

b e in g  due m o stly  to  th e  s i g n i f i c a n t  d i f f e r e n c e s  w ith in  th e  

fe m a le s . Sex was a l s o  s i g n i f i c a n t  on P a r t  One, w ith  m ales 

s c o r in g  h ig h e r  th an  fe m a le s . On P a r t  Two, th e  low a b i l i t y  

m ales a l s o  scored  s i g n i f i c a n t l y  h ig h e r  th an  th e  low a b i l i t y  

fe m a le s .

W hile th e re  was im provem ent w ith  in c re a s e s  in  age 

on P a r t  One, th e  l a r g e s t  in c re a s e s  were found f o r  th e  h ig h  

a b i l i t y  fem ales b o th  between th e  s ix th  and e ig h th  g rad es 

and betw een th e  e ig h th  and te n th  g rad es and f o r  th e  m ales 

o f  each a b i l i t y  l e v e l  betw een th e  s ix th  and e ig h th  g ra d e s . 

The s c o re s  o f  th e  low a b i l i t y  fem ales a ls o  in c re a s e d  con­

s id e r a b ly  between th e  s ix th  and e ig h th  g ra d e s , b u t  then  

d e c re a se d  between th e  e ig h th  and te n th  g ra d e s .  S co res  a l s o  

in c re a s e d  w ith  in c re a s e s  in  a b i l i t y  f o r  each  com bination  o f  

sex  and a g e . For th e  s ix th  g rade fem ales and f o r  the  te n th
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g ra d e  m ales , th e  h igh  and av e rag e  a b i l i t y  s u b je c ts  sco re d  

much h ig h e r  th an  th e  co rre sp o n d in g  low a b i l i t y  s u b je c t s ,  

w h ile  f o r  th e  te n th  g rade  fem a les  th e re  w ere la rg e  i n ­

c re a s e s  b o th  between th e  low and av e rag e  a b i l i t y  l e v e l s  

and  betw een th e  average and h ig h  a b i l i t y  l e v e l s .  The 

s c o re s  o f  th e  m ales were a ls o  th e  same o r  h ig h e r  th an  th o se  

o f  th e  fem a les  f o r  each c e l l ,  w ith  th e  l a r g e s t  d i f f e r e n c e s  

f o r  th e  low a b i l i t y  s ix th  g ra d e rs  and th e  av e rag e  and low 

a b i l i t y  e ig h th  and te n th  g r a d e r s .

On P a r t  Two, the sc o re s  a l s o  improved w ith  i n ­

c r e a s in g  a g e , p a r t i c u l a r l y  f o r  th e  av e rag e  a b i l i t y  m ales 

and f o r  th e  average and low a b i l i t y  fe m a le s . A l l  th r e e  o f  

th e s e  groups improved b o th  betw een th e  s i x t h  and e ig h th  

g ra d e s  and betw een th e  e ig h th  and te n th  g ra d e s .  The 

l a r g e s t  in c re a s e s  w ith  in c re a s e s  in  a b i l i t y  w ith in  each  

com b in atio n  o f sex  and age were found  f o r  th e  s i x t h  g rad e  

fe m a le s ,  w ith  in c re a s e s  betw een b o th  th e  low and av e rag e  

a b i l i t y  l e v e l s  and betw een th e  av e rag e  and h ig h  a b i l i t y  

l e v e l s .  The h ig h  a b i l i t y  e ig h th  g rad e  fem a les  sco red  

h ig h e r  th an  th e  average and low a b i l i t y  e ig h th  g rad e  

fe m a le s . The average and low a b i l i t y  m ales a t  e a ch  g rad e  

had h ig h e r  s c o re s  th an  th e  co rre sp o n d in g  fe m a le s , w ith  th e  

l a r g e s t  d i f f e re n c e s  fo r  th e  low a b i l i t y  s ix th  and e ig h th  

g r a d e r s .  However, f o r  h ig h  a b i l i t y  s u b je c t s ,  th e  fem ales 

w ere h ig h e r ,  e s p e c ia l ly  in  th e  s i x t h  g ra d e .

On P a r t  Three, th e  l a r g e s t  in c re a s e s  by age were
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found f o r  the  averag e  a b i l i t y  m a les . The h ig h  a b i l i t y  

m ales and fem ales a l s o  had la rg e  in c r e a s e s  in  t h e i r  s c o re s  

betw een th e  s ix th  and e ig h th  g ra d e s . The s c o re s  o f  th e  

av e rag e  a b i l i t y  fem a les  d ec reased  betw een th e  s i x t h  and 

e ig h th  g rad es  and th e n  in c re a se d  betw een th e  e ig h th  and 

te n th  g ra d e s , w h ile  th o se  o f th e  low a b i l i t y  fem a les  in ­

c rea se d  g r e a t ly  betw een th e  s ix th  and e ig h th  g ra d e s  and 

th en  d ec rea sed  some between th e  e ig h th  and te n th  g ra d e s .

F o r th e  s ix th  and te n th  g rade  fe m a le s , b o th  th e  h ig h  and 

av e rag e  a b i l i t y  s u b je c ts  sco red  h ig h e r  th a n  th e  co rre sp o n d ­

in g  low a b i l i t y  s u b je c t s .  However, f o r  th e  e ig h th  g rade 

fem a les  and the  s i x t h  g rade  m a les , th e  h ig h  and low a b i l i t y  

s u b je c ts  sco red  h ig h e r  than  th e  c o rre sp o n d in g  s u b je c ts  o f 

av e rag e  a b i l i t y .  No g e n e ra l  p a t t e r n  was found betw een th e  

s e x e s .  The low a b i l i t y  s ix th  g rade and th e  av e rag e  a b i l i t y  

e ig h th  g rade m ales sco red  much h ig h e r  th an  th e  co rre sp o n d ­

ing  fe m a le s . However, f o r  the  av erag e  a b i l i t y  s i x t h  

g r a d e r s ,  th e  fem ales sco red  much h ig h e r .

Thus, a l l  g roups g e n e ra l ly  had in c re a s e s  in  s c o re s  

w ith  in c re a s e s  in  a g e .  However, th e  age i n t e r v a l s  a t  which 

th e se  in c re a s e s  o cc u rre d  v a r ie d .  The av e rag e  a b i l i t y  m ales 

in c re a s e d  t h e i r  s c o re s  b o th  betw een th e  s i x t h  and e ig h th  

g ra d e s  and between th e  e ig h th  and te n th  g ra d e s .  The sc o re s  

o f  th e  h ig h  a b i l i t y  s u b je c ts  and th e  low a b i l i t y  fem ales 

in c re a s e d  more betw een the  s ix th  and e ig h th  g ra d e s ,  w hile  

th o se  o f th e  average a b i l i t y  fem ales in c re a s e d  more betw een
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th e  e ig h th  and te n th  g ra d e s .  W hile th e re  was a g e n e ra l  

in c re a s e  w ith  in c re a s in g  a b i l i t y ,  t h i s  was more o f te n  found 

among th e  fe m a le s . For th e  s i x t h  g rade  m a le s , th e  low 

a b i l i t y  s u b je c ts  sco red  th e  h ig h e s t  and f o r  th e  te n th  g rad e  

m a le s , th e  av erag e  a b i l i t y  s u b je c ts  s c o re d  th e  h ig h e s t  on 

P a r t s  Two and T h re e . For th e  s i x t h  g rad e  fe m a le s , th e  

h ig h  and average a b i l i t y  s u b je c ts  had h ig h e r  s c o re s  th a n  

th e  low a b i l i t y  s u b je c t s .  The te n th  g ra d e  fem a les  o f  h ig h  

and av e rag e  a b i l i t y  a l s o  tended  to  sco re  h ig h e r  th an  th o se  

o f  low a b i l i t y ,  w h ile  f o r  th e  e ig h th  g ra d e  fe m a le s , th e  

h ig h  a b i l i t y  s u b je c ts  g e n e r a l ly  sco red  h ig h e r  th an  the  

av e rag e  and low a b i l i t y  s u b je c t s .  M ales g e n e ra l ly  had 

h ig h e r  s c o re s  than  th e  co rre sp o n d in g  fe m a le s ,  e s p e c ia l ly  

f o r  th e  average a b i l i t y  e ig h th  g ra d e rs  and f o r  th e  low

a b i l i t y  s u b je c ts  a t  each  g rad e  l e v e l .  However, f o r  h ig h

a b i l i t y  s u b je c ts ,  th e  fem a les  tended  to  have h ig h e r  s c o r e s .

E f fe c t  o f  T ra in in g  a t  th e  S ix th  Grade 

To d e term in e  th e  e f f e c t  o f th e  t r a in in g  p ro ced u re

f o r  th e  s ix th  g ra d e , th e  s c o re s  o f  th e  g roup  w ith  t r a i n i n g

and th e  group w ith o u t t r a in in g  were a n a ly z ed  u s in g  th e  

a n a ly s i s  o f v a r ia n c e ,  w ith  a b i l i t y  and sex  a l s o  used  as 

v a r i a b l e s .  Each p a r t  o f  th e  t e s t  was an a ly z ed  s e p a r a te ly .

P a r t  One

The c e l l  means and th e  summary o f th e  a n a ly s i s  o f  

v a r ia n c e  f o r  P a r t  One a r e  g iv en  in  th e  fo llo w in g  t a b l e s .
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Table 19
Cell Keans of Part One for Treatment, A bility , and Sex

Sex A b i l i ty
le v e l

T reatm ent

W ith 
t r a  in in g

Wi th o u t 
t r a in in g

High 19.00 15 .50

Male Average 16.83 15 .17

Low 15.67 12.83

High 17.67 15 .00

Female Average 15 .83 llj-.17

Low 12.17 9 .3 3

T o ta l 16.19 13.67

T able 20

A n a ly s is  of V ariance of P a r t  One
f o r  T reatm en t, A b i l i ty ,  and Sex

Source Sum o f D egrees o f Mean P
sq u ares freedom sq u are

A ( tre a tm e n t)  115.01 1 115.01  6.31)."

B ( a b i l i t y )  232.69 2 116.35  6 . 4.1**

0 (sex ) 5 8 .6 8 1 5 8 .6 8  3 .2 3

AB 6.66 2 3.4-3 .19

AC .35 1 .35  .02

BC 25 .86 2 12 .93  .71

ABC .69 2 .35  .02

w. c e l l 1088.50 60 18 .14

significant at .01 level " significant at .05 level
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T hus, th e  t r a in in g  p ro c ed u re  was found to  r e s u l t  in  

s i g n i f i c a n t l y  h ig h e r  s c o re s .

P a r t  Two

The c e l l  means and th e  summary o f th e  a n a ly s i s  o f 

v a r ia n c e  f o r  P a r t  TVo a re  g iv en  in  th e  fo llo w in g  t a b l e s .

T able 21

C e ll Means o f P a r t  Two f o r  T rea tm en t, A b i l i ty ,  and Sex

Sex
T reatm ent

A b i l i ty
le v e l W ith

t r a in in g
W ithout
t r a in in g

High 10 .00 8 .0 0

Male Average 7 .0 0 7.17
Low 8.83 8.17

High 9 .0 0 9.33
Female Average 7.83 6 .5 0

Low 7.33 5.17

T o ta l 8.33 7.39
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Table 22
Analysis of Variance of Part Two
for Treatment, A bility , and Sex

Source Sum of 
sq u a re s

D egrees of 
freedom

Mean
sq u are

P

A ( tre a tm e n t) 16.06 1 16 .06 3 .6 4

B ( a b i l i t y ) S4..53 .2 27 .26 6 . 19**

C (se x ) 8.00 1 8 .0 0 1 .8 2

AB 2 .1 9 2 1 .1 0 .25

AC .22 1 .2 2 .05

BC 22.58 2 11 .29 2 .5 6

ABC l k .69 2 7 .35 1 .6 7

w. c e l l 261|..33 60 It-4 1

s i g n i f i c a n t  a t  .01  l e v e l

A lthough th e  group w ith  t r a in in g  av e rag ed  a h ig h e r  

sc o re  th an  th e  group w ith o u t t r a i n i n g ,  th e  d i f f e r e n c e  was 

n o t  s i g n i f i c a n t .

P a r t  Three

The c e l l  means and th e  summary o f  th e  a n a ly s i s  o f 

v a r ia n c e  f o r  P a r t  Three a re  g iv en  in  th e  fo l lo w in g  t a b l e s .
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Table 23

Cell Means of Part Three for Treatment, A bility , and Sex

Sex A b i l i ty
l e v e l

T reatm ent

With 
t r a  in in g

W ithout
t r a in in g

High 13 .00 11 .00

Male Average 12.83 8 .8 3

Low 1 0 . 6? 11 .3 3

High 11.63 11 .5 0

Female Average 13 .17 11 .5 0

Low 10.33 7 .8 3

T o ta l 11 .97 10 .33

Table 2i(.

A n a ly s is  o f V arian ce  o f P a r t  Three 
f o r  T reatm ent, A b i l i ty ,  and Sex

Source Sum of 
sq u a re s

D egrees of 
freedom

Kean
sq u a re

P

A ( tre a tm e n t) lt-8.35 1 4 8 .3 5 7 .94"'"

B ( a b i l i t y ) lt-5.19 2 2 2 .6 0 3 . 71*

C (se x ) 1 .1 2 1 1 .1 2 .18

AB 13.03 2 6 .5 1 1 .07

AC .35 1 .3 5 .06

BC 35.08 2 1 7 .5 4 2 .8 8

ABC 27.03 2 13 .5 1 2 .2 2

w. c e l l 365.17 60 6 .0 9

significant at .01 level " sign ificant at .05 level
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The t r a in in g  p ro ced u re  was found to  r e s u l t  in  

s i g n i f i c a n t l y  h ig h e r  s c o re s .

Summary

For th e  s ix th  g ra d e , th e  t r a in in g  p ro ced u re  

r e s u l t e d  in  h ig h e r  sc o re s  f o r  a l l  p a r t s  o f  th e  t e s t ,  w ith  

th e  in c re a s e s  b e in g  s i g n i f i c a n t  on P a r ts  One and T hree .

The sc o re s  f o r  th e  g roups r e c e iv in g  t r a in in g  were h ig h e r  

f o r  a lm o st a l l  c e l l s  th an  f o r  th e  co rresp o n d in g  groups 

w ith o u t t r a in in g ,  w ith  th e  l a r g e s t  in c re a s e s  found  f o r  

th e  h ig h  a b i l i t y  m ales and th e  low a b i l i t y  fem a les  on 

a l l  th re e  p a r t s ,  th e  av e rag e  a b i l i t y  fem ales on P a r ts  Two 

and T h ree , the low a b i l i t y  m ales and th e  h igh  a b i l i t y  

fem a les  on P a r t  One, and th e  av e rag e  a b i l i t y  m ales on 

P a r t  T hree .

I t  should a ls o  be n o ted  th a t  th e  means f o r  th e  

s ix th  g ra d e rs  w ith  t r a in in g  in c re a se d  enough t h a t  the  

mean on P a r t  Two was eq u a l to  t h a t  o f the  e ig h th  g ra d e rs  

w ith o u t t r a in in g  and th e  means on P a r ts  One and Three were 

a lm o s t a s  h igh  a s  th o se  o f  th e  e ig h th  g ra d e r s .

E f f e c t  o f  T ra in in g  a t  th e  E ig h th  Grade

To d e term in e  th e  e f f e c t  o f  th e  t r a in in g  p ro ced u re  

f o r  th e  e ig h th  g ra d e , th e  sc o re s  o f th e  group w ith  t r a in in g  

and t h a t  w ith o u t t r a in in g  were an a ly zed  w ith  a b i l i t y  and 

sex  a l s o  used as  v a r ia b le s .  Because o f  th e  sm a lle r  number 

o f  h ig h  a b i l i t y  fe m a le s , an unw eighted means a n a ly s is  was
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u s e d . Each p a r t  o f  th e  t e s t  was a n a ly z ed  s e p a r a te ly .

P a r t  One

The c e l l  means and th e  summary o f  th e  a n a ly s i s  o f  

v a r ia n c e  f o r  P a r t  One a re  g iv en  in  th e  fo llo w in g  t a b l e s .

Table 25

C ell Means o f P a r t  One f o r  T rea tm en t, A b i l i t y ,  and Sex

Sex A b i l i ty
le v e l

T reatm ent

W ith
t r a in in g

W ithout
t r a in in g

High 1 9 .50 18.17

Male Average 17 .00 1 8 .00

Low 16.17 16.67

High 1 9 .00 1 7 .50

Female Average 1 9 .50 1 5 .00

Low 1 7 .50 14.33

T o ta l 18.03 16.61
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Table 26
Unweighted Means Analysis of Variance of Part One

for Treatment, A b ility , and Sex

Source Sum o f 
sq u a res

D egrees o f 
freedom

Mean
sq u are

P

A ( t r e a  tm en t) 37.38 1 37.38 5 . 09*

B ( a b i l i t y ) 62.^9 2 31. 2k k .2 6 *

C (se x ) 3.28 1 3 .2 8 .k 5
AB . 5k 2 .27 .ok

AC k 0 .2 1 1 k o .2 i 5 .k 8*

BC .33 2 .17 .02

ABC 20.33 2 10 .17 1.39
w. c e l l k l8 .3 3 57 7 .3 k

s i g n i f i c a n t  a t  .05  l e v e l

The t r a in in g  p ro ced u re  was found to  r e s u l t  in  

s i g n i f i c a n t l y  h ig h e r  s c o r e s .  However, th e re  was a ls o  a 

s i g n i f i c a n t  i n t e r a c t io n  o f  tre a tm e n t and s e x . To examine 

t h i s  r e la t io n s h ip  a t e s t  o f s im p le  m a in -e f fe c ts  was 

a p p l ie d .  The means o f  th e  l e v e ls  o f t re a tm e n t  and sex 

and th e  summary o f  th e  a n a ly s is  o f  v a r ia n c e  a re  g iven  in  

th e  fo llo w in g  t a b l e s .
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Table 2?

Means of the Levels of the Variables
Treatment and Sox

W ith
t r a in in g

W ithout
t r a in in g

Male 17 .56 17*61

Female 18 .60 15*61

T able 28

A n a ly s is  o f  V arian ce  f o r  T reatm ent and Sex

S ource  Sum of Degrees o f  Mean P
sq u ares freedom sq u are

A ( t r e a tm e n t)  37*38 1 37*38 5 *0 9 "

A a t  c^ (M) .03 1 .03  .0 0

A a t  Cg (? )  77*56 1 77*56 1 0 . 57^"'

C (s e x )  3*28 1 3*28 .1^5

C a t  a^  (w ith )  10 .26 1 10 .26  l.lj-O

C a t  a^  (w. o) 33.23 1 33 .23  4*53*

AC I1.O.2I 1 4 0 .2 1  5*48*

w. c e l l  lj.l8.33 57 7*34

s i g n i f i c a n t  a t  .01  l e v e l s i g n i f i c a n t  a t  .0 5  l e v e l

B ius, the  t r a in in g  p ro ced u re  was found to  be 

s i g n i f i c a n t l y  e f f e c t iv e  f o r  th e  fe m a le s .
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Part Two
Hie ce ll means and the summary of the analysis of

variance for Part Two are given in the following tables.

Table 29

C e ll Means o f  P a r t  Two f o r  T rea tm en t, A b i l i ty ,  and Sex

Sex A b i l i ty
le v e l

Treatm ent

W ith
t r a in in g

W ithout
t r a in in g

High 8 .8 3 8 .8 3

Male Average 8 .5 0 8 .33

Low 7 .8 3 8.67

High 9 .0 0 9 .33

Female Average 7 .8 3 7.67

Low 8 .1 7 7 .17

T o ta l 8 .3 0 8 .33
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Table 30
Unweighted Means Analysis of Variance of Part Two

for Treatment, A bility , and Sex

Source Sum o f 
sq u a res

D egrees o f 
freedom

Mean
sq u are

P

A ( tre a tm e n t) .01 1 .01 .0 0

B ( a b i l i t y ) 14 .33 2 7 .17 2 .3 8

C (sex ) 1 .55 1 1 .5 5 .52

AB .33 2 .17 .06

AC i . o 4 1 1 .0 4 .3 4

BC 3 .4 1 2 1 .70 .57

ABC 3.77 2 1 .8 8 .62

w. c e l l 171.83 57 3 .01

No s i g n i f i c a n t  v a r ia b le s  were fo u n d .

P a r t  Ih ree

ïhe  c e l l  means and th e  summary o f  th e  a n a ly s i s  o f  

v a r ia n c e  f o r  P a r t  Three a re  g iv en  in  th e  fo llo w in g  t a b l e s .



59

T able 31

C e ll Means o f  P a r t  Three f o r  T rea tm en t, A b i l i ty ,  and Sex

Sex A b il i ty
le v e l

T reatm ent

With
t r a in in g

W ithou t
t r a in in g

High lil-.33 1 3 .33

Male Average 11.67 1 1 .83

Low 10.83 1 2 .5 0

High 13.67 1 3 .83

Female Average 13.67 10 .17

Low 13.33 12 .83

T o ta l 12 .85 1 2 .42

Table 32

Unweighted Means A n a ly s is  o f V ariance o f  P a r t  Three
f o r  T reatm en t, A b i l i ty and Sex

Source Sum o f D egrees of Mean P
sq u ares freedom sq u a re

A ( tr e a tm e n t)  It-.10 1 4 .1 5  1 .38

B ( a b i l i t y )  k $ .3 1 2 2 2 .6 5  7 . 5 5 ™

C (se x ) ll-.l5 1 4 .1 5  1 .38

AB ik-.OQ 2 7 .0 4  2 .35

AC 10.05 1 1 0 .0 5  3.35

BC 7 .1 5 2 3 .5 8  1 .19

ABC 16.95 2 8 .4 7  2 .8 2

w, c e l l 171.00 57 3 .0 0

s i g n i f i c a n t  a t  .01 l e v e l
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The tre a tm e n t was n o t  found to  be s i g n i f i c a n t  

Summary

F or th e  e ig h th  g ra d e , th e  t r a in in g  p ro c ed u re  was 

found  to  b e  s i g n i f i c a n t l y  e f f e c t i v e  o n ly  f o r  th e  fem a les  

on P a r t  One. The fem ales o f  each  a b i l i t y  l e v e l  and th e  

h ig h  a b i l i t y  m ales w ith  t r a in in g  sco red  much h ig h e r  th an  

th e  co rre sp o n d in g  s u b je c ts  w ith o u t t r a in in g  on t h i s  p a r t .  

There were a ls o  in c re a s e s  in  th e  s c o re s  o f  th e  low a b i l i t y  

fem a les  on P a r t  Two and o f  th e  h ig h  a b i l i t y  m ales and 

th e  av e rag e  a b i l i t y  fem a les  on P a r t  T h ree . As a r e s u l t  of 

th e  t r a i n i n g ,  th e  mean f o r  th e  fem a les  w ith  t r a in in g  was 

h ig h e r  th an  t h a t  f o r  th e  m ales on P a r ts  One and T h ree , For 

a l l  th re e  p a r ts  of the t e s t ,  th e  fem ales w ith  t r a i n i n g  

sco red  h ig h e r  o r  a lm ost a s  h ig h  a s  the  c o rre sp o n d in g  m ales 

a t  each a b i l i t y  l e v e l .

For P a r t  One, th e  mean f o r  th e  e ig h th  g ra d e rs  w ith  

t r a in in g  was h ig h e r  th an  t h a t  f o r  th e  te n th  g r a d e r s ,  due 

to  th e  low a b i l i t y  e ig h th  g rade fem ales s c o r in g  much h ig h e r  

th an  th e  low a b i l i t y  t e n th  g rade fe m a le s .

C o rre la tio n  o f  P a r ts  One and Two 

The Pearson product-m om ent c o r r e l a t i o n  c o e f f i c i e n t  

Was c a lc u la te d  from th e  s c o re s  on th e  20?6 item s on each  o f 

P a r t s  One and Two, r e s u l t i n g  in  an r  o f  .34* T h is i n d i ­

c a te s  th a t  th e  two m ethods a r e  n o t  e q u iv a le n t  m ethods o f 

d e te rm in in g  th e  s u b je c t 's  a b i l i t y  to  r o t a t e  and d ev e lo p
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s u r fa c e s  o f  s o l id s .

In  exam ining th e  co rre sp o n d in g  item s i t  was found 

th a t  o f  th e  llli-? item s drawn c o r r e c t l y ,  the  same item  was 

m issed  on th e  m u l t ip le  cho ice  p a r t  l8 5  tim es o r  l6 ^  o f th e  

tim e . For th e  530 item s in  which some u n d e rs ta n d in g  was 

shown in  th e  d raw in g , the  c o r r e c t  draw ing was chosen in

p a r t  two 300 tim es o r  57^ o f th e  tim e . There were 399

item s in  w hich l i t t l e  o r no u n d e rs ta n d in g  was shown in  the

d raw in g s , b u t  th e  c o r r e c t  draw ing in  p a r t  two was s e le c te d

in  170 o r  lf.3^ o f th e s e .

P e rc en tag es  o f C o rre c t R esponses

The sc o re s  were in v e s t ig a te d  to  d e te rm in e  i f  the 

s u b je c ts  had m aste red  the a b i l i t y  to  dev e lo p  and r o t a t e  

s u r fa c e s  o f  s o l i d s .  The p e rc e n ta g e s  o f s u b je c ts  who sco red  

70^ o r  h ig h e r  f o r  each p a r t  o f  th e  t e s t  were c a lc u la te d .

The p e rcen tag e s  f o r  each g rad e  and tre a tm e n t  a re  g iv en  in  

ta b le  33»

T able 33

P erc en tag es  S co rin g  o r  H igher

Grade T reatm ent P a r t  1 P a r t  2 P a r t  3

6
With t r a in in g 53 56 75

W ithout t r a in in g 36 39 '5 8

8
W ith t r a in in g 82 45 88

W ithout t r a in in g 53 56 86

10 W ithout t r a in in g 69 69 91
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Less th an  o f  th e  s ix th  g ra d e rs  w ith o u t t r a in in g  

sco red  70^ o r  b e t t e r  on each  o f P a r ts  One and Two. For 

P a r t  Three more than  70^ o f  each  group ex c ep t th e  s ix th  

g ra d e rs  w ith o u t t r a in in g  sco red  70^ o r  b e t t e r .  The o n ly  

o th e r  group which sco red  th a t  w e ll was th e  e ig h th  g ra d e rs  

w ith  t r a in in g  on P a r t  One.

R esponses to  In d iv id u a l  Item s

The in d iv id u a l  item s were in v e s t ig a te d  to  d e te rm in e  

w hich ones had been  m astered  and which were th e  m ost d i f f i ­

c u l t .  The p e rc e n ta g e s  f o r  each  item  by g roups i s  g iv en  in  

Appendix I .  For each  p a r t  o f th e  t e s t ,  com parisons were 

f i r s t  made among th o se  w ith o u t t r a i n i n g .  The e f f e c t  o f 

t r a in in g  was th en  an a ly z ed .

P a r t  One

Only f i v e  s o l id s  were drawn c o r r e c t ly  by more than  

70^ of th e  s u b je c ts  w ith o u t t r a i n i n g ,  w ith  90^ o f  them 

c o r re c t  on th e  sq u are  pyram id 87^  on th e  cube (# 1 ) ,

81^  on th e  t r i a n g u la r  s o l id  (# 9 ) ,  79^ on th e  t r i a n g u la r  

p rism  (# 2 ) , and 7h% on th e  te t ra h e d ro n  (# 1 2 ) . The cube and 

th e  sq u are  pyram id were s u c c e s s fu l ly  drawn (by more than  

70^  o f th e  s u b je c t s )  by a l l  g ra d e s ,  a b i l i t y  l e v e l s ,  and 

b o th  s e x e s , th e  t r i a n g u la r  s o l id  by a l l  b u t  th e  s ix th  

g ra d e r s ,  and b o th  th e  t r i a n g u la r  p rism  and th e  te t ra h e d ro n  

by a l l  ex cep t th e  s ix th  g ra d e r s ,  th e  fe m a le s , and th e  low 

a b i l i t y  s u b je c t s .  The fru stu m  o f a pyram id (#6) was
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s u c c e s s fu l ly  drawn by th e  te n th  g r a d e r s ,  th e  m a le s , and th e  

h ig h  a b i l i t y  s u b je c t s ,  w h ile  th e  r i g h t  t r i a n g u l a r  s o l id  

(#7) was drawn o n ly  by th e  te n th  g ra d e rs  and th e  h ig h  

a b i l i t y  s u b je c ts .

The th re e  m ost d i f f i c u l t  were th e  cone (#8) w ith  

10^ c o r r e c t ,  th e  fru s tu m  o f  a cone (#10) w ith  10^, and the  

s o l id  shaped l i k e  a s l i c e  o f cake (#11) w ith  13^ . The 

c y lin d e r  (#$) was a l s o  d i f f i c u l t  f o r  th e  s i x t h  g ra d e r s ,  

th e  fe m a le s , and th e  low a b i l i t y  s u b je c t s ,  w ith  each  o f 

th e se  groups draw ing i t  c o r r e c t ly  o n ly  o f  th e  tim e .

The t r a p e z o id a l  s o l id  (#3) was d i f f i c u l t  f o r  th e  s i x t h  

g ra d e rs  and the  low a b i l i t y  s u b je c ts  and th e  r i g h t  t r i a n ­

g u la r  s o l id  f o r  th e  low a b i l i t y  s u b je c t s .

The r e la t io n s h ip s  found w ith in  th e  v a r ia b le s  o f 

g ra d e , a b i l i t y ,  and sex  were g e n e ra l ly  found  to  fo llo w  the 

same p a t te r n s  f o r  th e  in d iv id u a l  s o l id s  as th e y  d id  on p a r t  

one o v e r a l l ,  w ith  a h ig h e r  p e rcen tag e  o f  e ig h th  and te n th  

g ra d e rs  b e in g  c o r r e c t  on m ost s o l id s  than  s ix th  g r a d e r s ,  

o f  h igh  and av e rag e  a b i l i t y  s u b je c ts  than  I o t /  a b i l i t y  sub­

j e c t s ,  and o f  m ales than  fem a les .

The s ix th  g ra d e rs  were s u c c e s s fu l  on o n ly  th e  cube 

and the sq u are  pyram id . The e ig h th  g ra d e rs  were a l s o  a b le  

to  draw th e  t r i a n g u la r  p r ism , th e  t r i a n g u l a r  s o l i d ,  and the  

te t ra h e d ro n ,  w h ile  th e  te n th  g ra d e rs  added th e  fru s tu m  o f 

a pyramid and the  r i g h t  t r i a n g u la r  s o l i d .  The s ix th  

g ra d e rs  had d i f f i c u l t y  ( l e s s  than  30^  c o r r e c t )  w ith  the
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cone , th e  cake, th e  fru s tu m  o f  a cone , th e  t r a p e z o id a l  

s o l i d ,  and the c y l in d e r ,  w h ile  o n ly  th e  cone , th e  fru s tu m  

o f  a co n e , and th e  cake were th a t  d i f f i c u l t  f o r  th e  e ig h th  

and te n th  g ra d e rs .

The low a b i l i t y  s u b je c ts  were o n ly  a b le  to  draw th e  

cu b e , the  sq u are  pyram id , and the t r i a n g u l a r  s o l i d .  The 

av e rag e  a b i l i t y  s u b je c ts  added the  t r i a n g u l a r  p rism  and the  

te t r a h e d ro n  and th e  h igh  a b i l i t y  s u b je c ts  added th e  fru s tu m  

o f  a pyram id and th e  r i g h t  t r i a n g u la r  s o l i d .  S ix  s o l id s ,  

th e  t r a p e z o id a l  s o l id ,  th e  c y l in d e r ,  th e  r i g h t  t r i a n g u la r  

s o l i d ,  th e  cone, th e  fru s tu m  o f a cone , and th e  cake were 

d i f f i c u l t  f o r  the  low a b i l i t y  s u b je c ts ,  w h ile  o n ly  the 

l a t t e r  th re e  were d i f f i c u l t  f o r  th e  av e rag e  and h ig h  a b i l ­

i t y  s u b je c t s .  The r i g h t  t r i a n g u la r  s o l id  v a r ie d  the  m ost 

by a b i l i t y  w ith  75^ o f  th e  h ig h  a b i l i t y  s u b je c ts  draw ing 

i t  c o r r e c t ly  to  o n ly  28^ o f  the  low a b i l i t y  s u b je c t s .

Only th re e  s o l i d s ,  th e  cube, th e  sq u a re  pyram id , 

and the  t r i a n g u la r  s o l id  were drawn c o r r e c t ly  by th e  f e ­

m a le s , w h ile  th e  m ales a l s o  were a b le  to  draw th e  t r i a n ­

g u la r  p rism , th e  fru stu m  o f a pyram id , and th e  te t r a h e d ro n .  

Both sex e s  had d i f f i c u l t y  w ith  the  cone , th e  fru s tu m  o f  a 

cone , and the cak e , w ith  th e  fem a les  a ls o  hav ing  problem s 

w ith  th e  c y l in d e r .

A t th e  s ix th  g rad e  l e v e l ,  th e  t r a in in g  p ro ced u re  

r e s u l t e d  in  o v e r a l l  g a in s  o f 20^ o r  more f o r  th e  r i g h t  

t r i a n g u l a r  s o l id ,  th e  t r i a n g u la r  s o l i d ,  and the  t e t r a -
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h ed ro n . For th e s e  s o l i d s ,  g a in s  were a l s o  found a t  m ost 

l e v e ls  o f  b o th  a b i l i t y  and se x . The p e rc e n ta g e s  o f  c o r r e c t  

draw ings a l s o  in c re a se d  more th an  20J? f o r  th e  t r i a n g u la r  

p rism  f o r  th e  fem ales and the  h ig h  and low a b i l i t y  sub­

j e c t s .

In  a d d i t io n  to  th e  two s o l id s  s u c c e s s f u l ly  drawn 

by th e  s i x t h  g ra d e rs  w ith o u t t r a in in g ,  th e  s ix th  g ra d e rs  

re c e iv in g  t r a in in g  were ab le  to  draw th e  t r i a n g u l a r  p rism , 

th e  fru s tu m  o f  a pyram id , th e  t r i a n g u l a r  s o l i d ,  and th e  

te t r a h e d ro n .  However, th ey  had d i f f i c u l t y  w ith  th e  same 

s o l id s  a s  th o se  w ith o u t t r a in in g .

For th e  h ig h  a b i l i t y  s u b je c t s ,  in c re a s e s  o f a t  

l e a s t  20^ were made on s ix  s o l i d s ,  th e  t r i a n g u l a r  p rism , 

th e  t r a p e z o id a l  s o l i d ,  the  c y l in d e r ,  th e  r i g h t  t r i a n g u la r  

s o l i d ,  th e  t r i a n g u la r  s o l id ,  and th e  ca k e . The av e rag e  

a b i l i t y  s u b je c ts  g a ined  on the  fru s tu m  o f a pyram id and 

th e  te tra h e d ro n  and th e  low a b i l i t y  s u b je c t s  on th e  t r i a n ­

g u la r  p rism , the  r i g h t  t r i a n g u la r  s o l i d ,  th e  t r i a n g u la r  

s o l i d ,  and th e  te t r a h e d ro n .

B oth sex es  improved on th e  r i g h t  t r i a n g u la r  s o l id  

and th e  te t r a h e d ro n .  The m ales a ls o  im proved on th e  f r u s ­

tum o f a p y ram id , th e  t r i a n g u la r  s o l i d ,  and th e  cake w h ile  

th e  fem ales a l s o  improved on th e  t r i a n g u l a r  p r ism .

A lthough the s u b je c ts  w ith  t r a in in g  u s u a l ly  were 

b e t t e r  than  th o se  w ith o u t i t ,  th e  fem a les  and the h ig h  

a b i l i t y  s u b je c ts  w ith  t r a in in g  perform ed much p o o re r on
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th e  cube, as  d id  th e  low a b i l i t y  s u b je c ts  w ith  t r a in in g  

on th e  c y l in d e r .

At th e  e ig h th  g rad e  l e v e l ,  th e  o n ly  s o l id  in  w hich 

th e  t r a in in g  p ro ced u re  r e s u l te d  in  g e n e ra l  improvement was 

th e  c y l in d e r .  This was due to  th e  in c re a s e  f o r  th e  fem ales 

and f o r  th e  av e rag e  and low a b i l i t y  g ro u p s . There were 

a l s o  in c re a s e s  on th e  cake f o r  th e se  same g ro u p s .

The e ig h th  g ra d e rs  w ith  t r a in in g  w ere a b le  to  draw 

one o th e r  s o l id ,  th e  fru s tu m  o f a pyram id , in  a d d i t io n  to  

th o se  drawn by th o s e  w ith o u t t r a in in g .  However, a s  in  the  

s i x t h  g ra d e , th ey  had d i f f i c u l t y  w ith  th e  same s o l id s  as 

th o se  w ith o u t t r a i n i n g .

Both th e  av e rag e  and low a b i l i t y  e ig h th  g ra d e rs  

w ith  t r a in in g  in c re a se d  t h e i r  a b i l i t i e s  to  draw th e  t r a p e ­

z o id a l  s o l id ,  th e  c y l in d e r ,  and th e  cake, w ith  th e  average  

a b i l i t y  s u b je c ts  a l s o  im proving on th e  r i g h t  t r i a n g u la r  

s o l i d .  Improvement was a ls o  found f o r  th e  h ig h  a b i l i t y  

s u b je c ts  on the  cone and th e  te tra h e d ro n .

L i t t l e  im provem ent was found f o r  th e  m a les , w h ile  

th e  fem ales improved on th e  c y l in d e r ,  th e  r i g h t  t r i a n g u la r  

s o l i d ,  and th e  c a k e . However, th e  fem a les  a ls o  perform ed 

w orse on th e  sq u a re  pyram id than  th o se  w ith o u t t r a in in g .

P a r t  Two

E ig h t s o l i d s ,  th e  cube, th e  t r i a n g u l a r  p rism , th e  

t r a p e z o id a l  s o l i d ,  the sq u are  pyram id, th e  c y l in d e r ,  th e  

fru stu m  of a py ram id , th e  r i g h t  t r i a n g u la r  s o l i d ,  and th e
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te t r a h e d ro n ,  w ere chosen c o r r e c t ly  by th e  s u b je c ts  w ith o u t 

t r a i n i n g .  For th re e  o f  th e s e ,  the  cube, th e  fru s tu m  o f  a 

pyram id , and th e  r i g h t  t r i a n g u l a r  s o l i d ,  a l l  g ra d e s , a l l  

a b i l i t y  l e v e l s ,  and b o th  sex es  were s u c c e s s f u l .  The 

sq u a re  pyramid and th e  c y l in d e r  were chosen c o r r e c t ly  by 

a l l  b u t the  s ix th  g r a d e r s ,  th e  t r i a n g u la r  p rism  by a l l  b u t  

th e  low a b i l i t y  s u b je c t s ,  and th e  t r a p e z o id a l  s o l id  b y  a l l  

b u t  th e  s ix th  g ra d e rs  and th e  low a b i l i t y  s u b je c t s .  The 

te tra h e d ro n  was re co g n ized  by the  e ig h th  and te n th  g ra d e r s ,  

th e  m ales , and th e  h ig h  a b i l i t y  s u b je c t s .  In  a d d i t io n ,  

th e  t r i a n g u la r  s o l id  was s u c c e s s fu l ly  chosen by th e  te n th  

g ra d e r s ,  th e  fe m a le s , and th e  h igh  a b i l i t y  s u b je c t s .  The 

fru s tu m  o f a cone was d i f f i c u l t  f o r  a l l  g ro u p s .

As in  P a r t  One, in c re a s e s  were found w ith  in c re a s e s  

in  g rad e  and a b i l i t y  l e v e l s .  The s ix th  g ra d e rs  were su c ­

c e s s fu l  in  choosing  o n ly  th e  cube, th e  t r i a n g u l a r  p rism , 

th e  fru stu m  o f a pyram id , and th e  r i g h t  t r i a n g u la r  s o l i d .  

The e ig h th  g ra d e rs  added th e  t r a p e z o id a l  s o l i d ,  th e  sq u a re  

pyram id , th e  c y l in d e r ,  and th e  te t ra h e d ro n ,  w h ile  th e  te n th  

g ra d e rs  a ls o  added th e  t r i a n g u la r  s o l i d .  A ll  g rad es  had 

d i f f i c u l t y  w ith  th e  fru stu rn  o f  a cone.

The low a b i l i t y  s u b je c ts  reco g n ized  f i v e  s o l i d s ,  

th e  cube , th e  sq u are  pyram id , th e  c y l in d e r ,  th e  fru s tu m  o f 

a pyram id , and th e  r i g h t  t r i a n g u la r  s o l i d .  The av erag e  

a b i l i t y  s u b je c ts  added th e  t r i a n g u la r  p rism  and th e  t r a p e ­

z o id a l  s o l id ,  and th e  h ig h  a b i l i t y  s u b je c ts  added th e
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t r i a n g u la r  s o l id  and th e  te t r a h e d ro n .

For th e  s i x t h  g r a d e r s ,  th e  t r a in in g  p ro ced u re  d id  

n o t  r e s u l t  in  la r g e  o v e r a l l  in c re a s e s  f o r  any s o l i d .  How­

e v e r ,  th e re  was im provem ent on th e  cube , th e  sq u a re  p y ra ­

m id , and the  t r i a n g u la r  s o l id  f o r  th e  fem a les  and th e  low 

a b i l i t y  s u b je c ts  and on th e  fru stu m  o f a cone f o r  th e  m ales 

and low a b i l i t y  s u b je c t s .

In  a d d i t io n  to  th e  fo u r  s o l id s  s u c c e s s f u l ly  chosen 

by  th e  s ix th  g ra d e rs  w ith o u t t r a i n i n g ,  th o se  w ith  t r a in in g  

w ere a b le  to  re co g n ize  th e  c o r r e c t  f i g u r e  f o r  th e  square  

pyram id and the t r i a n g u l a r  s o l i d .  However, th ey  s t i l l  had 

d i f f i c u l t y  w ith  th e  fru s tu m  o f a cone.

The m ain in c re a s e s  were found f o r  th e  fem ales and 

th e  low a b i l i t y  s u b je c t s .  The fem a les  improved on the 

cube , the  square  pyram id , and th e  t r i a n g u l a r  s o l i d .  The 

low a b i l i t y  s u b je c ts  improved on f iv e  s o l i d s ,  th e  cube, 

th e  sq u a re  pyram id, the  cone, th e  t r i a n g u l a r  s o l i d ,  and 

th e  fru s tu m  o f th e  cone. The m ales a l s o  improved on th e  

fru s tu m  o f a cone and th e  h ig h  a b i l i t y  s u b je c ts  on the  

cak e .

The e ig h th  g ra d e rs  w ith  t r a in in g  were s u c c e s s fu l  

on seven  o f the  e ig h t  s o l id s  w hich were c o r r e c t ly  chosen 

by th o se  w ith o u t t r a in in g ,  b u t  dropped below 70^ on th e  

te t r a h e d ro n .  There was some improvement on th e  t r i a n ­

g u la r  p rism , th e  t r i a n g u la r  s o l i d ,  and th e  cak e , w ith  th e  

fem a les  and av e rag e  a b i l i t y  s u b je c ts  im proving on the
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t r i a n g u la r  p rism , th e  m ales and h ig h  a b i l i t y  s u b je c ts  on 

th e  t r i a n g u la r  s o l i d ,  and the  fe m a le s , h ig h  a b i l i t y ,  and 

low a b i l i t y  s u b je c ts  on th e  cake.

W ithin th e  v a r io u s  g roups, th e  r e s u l t s  v a r ie d .

The h ig h  a b i l i t y  s u b je c ts  perform ed b e t t e r  on th e  t r i a n ­

g u la r  s o l id  and th e  cake than  the  co rre sp o n d in g  s u b je c ts  

w ith o u t t r a in in g  b u t p o o re r  on th e  t r a p e z o id a l  s o l i d ,  th e  

av e rag e  a b i l i t y  s u b je c ts  b e t t e r  on th e  t r i a n g u l a r  p rism  

and th e  cake b u t  p o o re r on th e  sq u are  pyramid and  th e  

r i g h t  t r i a n g u la r  s o l id ,  and th e  low a b i l i t y  s u b je c ts  b e t t e r  

on th e  r i g h t  t r i a n g u l a r  s o l id .

W ith t r a i n i n g ,  th e  males improved on th e  t r i a n g u l a r  

s o l i d ,  w h ile  th e  fem ales improved on th e  t r i a n g u la r  p rism  

and th e  cake b u t  were w orse on th e  square  pyram id and the  

t r i a n g u la r  s o l i d .  •

P a r t  Three

ib i r t e e n  o f th e  f i f t e e n  item s on P a r t  Three were 

answ ered c o r r e c t ly  by th e  s u b je c ts  w ith o u t t r a i n i n g .  Bor 

th e  o th e r  two ite m s , numbers 2 and 6 , th e  p e rc e n ta g e s  were 

SS% and S l$  r e s p e c t iv e ly .  Numbers 1 ,  3» S> 7, 9> 1 0 , and 

1^ were answ ered c o r r e c t ly  by a l l  g ra d e s ,  a b i l i t y  l e v e l s ,  

and b o th  s e x e s , numbers 1|., 13 , and ll). by a l l  b u t  th e  s ix th  

g r a d e r s ,  numbers 11 and 12 by a l l  b u t th e  s i x t h  g ra d e rs  and 

th e  low a b i l i t y  s u b je c t s ,  and number 7 by a l l  b u t  the  s ix th  

g ra d e rs  and th e  av e rag e  a b i l i t y  s u b je c t s .

The l a r g e s t  d i f f e re n c e  was found betw een th e  s ix th
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g ra d e  and th e  o th e r  two g ra d e s .  The s i x t h  g ra d e rs  were 

s u c c e s s fu l  on o n ly  seven  o f th e  i te m s , num bers 1 , 3» 5» 7 , 

9 ,  1 0 , and l 5 ,  w h ile  b o th  th e  e ig h th  and t e n th  g ra d e rs  were 

s u c c e s s fu l  on a l l  t h i r t e e n  item s m entioned ab o v e . Both 

sex es  and the  h ig h  a b i l i t y  s u b je c ts  w ere a l s o  s u c c e s s fu l  

on th e s e  same t h i r t e e n  i te m s . The av e rag e  a b i l i t y  s u b je c ts  

d id  n o t  m aste r number 8 n o r  th e  low a b i l i t y  s u b je c ts  num­

b e rs  11 and 12 , b u t  th e  p e rc e n ta g e s  o f  c o r r e c t  answ ers f o r  

th e s e  were a lm o st 70^» No groups m aste red  num bers 2 and 

6 . However, the  p e rc e n ta g e s  o f  c o r r e c t  answ ers f o r  th e se  

were o v e r $0^ f o r  a l l  g roups ex cep t th e  s i x t h  g ra d e rs  and 

th e  low a b i l i t y  s u b je c ts  on b o th  2 and 6 and th e  av e rag e  

a b i l i t y  s u b je c ts  on 6 .

At the  s ix th  g rad e  l e v e l ,  th e  t r a in in g  p ro ced u re  

r e s u l t e d  in  o v e r a l l  g a in s  o f  20^ o r  more f o r  fo u r  i te m s , 

num bers 8 , 11, 12 , and 13 , F or numbers 8 and 13, in c re a s e s  

a l s o  were found f o r  th e  m ales and b o th  h igh  a.iid av e rag e  

a b i l i t y  s u b je c ts .  In c re a s e s  were found on number 11 f o r  

th e  m ales and b o th  av e rag e  and low a b i l i t y  s u b je c ts  and 

on number 12 f o r  b o th  sexes and b o th  av e rag e  and low a b i l ­

i t y  s u b je c ts .

In  a d d i t io n  to  the  seven item s answ ered c o r r e c t ly  

by th e  s ix th  g ra d e rs  w ith o u t t r a in in g ,  th o se  w ith  t r a in in g  

were c o r r e c t  on f i v e  o th e r  item s , numbers l̂ ., 8 , 11 , 12 , and 

13 .

The groups im proving on the  l a r g e s t  number o f  item s
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were th e  average a b i l i t y  s u b je c ts  and th e  m a le s . In c re a s e s  

o f  205È o r  more were found f o r  the  h ig h  a b i l i t y  s u b je c ts  on 

numbers 3* 6 , 8 , 1 1 , 12 , and 13 and f o r  th e  m ales on num­

b e r s  8 , 11 , 12, and 13 .  The h ig h  a b i l i t y  s u b je c ts  im proved 

on numbers !(., 8 , and 13 ,  th e  low a b i l i t y  s u b je c ts  on num­

b e r s  11 and 12 , and th e  fem ales on numbers 6 and 1 2 .

A t th e  e ig h th  g rad e  l e v e l ,  th e re  was no la r g e  o v e r­

a l l  improvement f o r  th o s e  w ith  t r a i n i n g .  They were s u c ­

c e s s f u l  on the  same t h i r t e e n  item s as  th o se  w ith o u t t r a i n ­

in g .  There was im provem ent f o r  th e  fem a les  on number 10, 

f o r  th e  h ig h  a b i l i t y  s u b je c ts  on number 2 , f o r  th e  av e rag e  

a b i l i t y  s u b je c ts  on numbers 8 and 13 , and f o r  th e  low a b i l ­

i t y  s u b je c ts  on number 11 . However, the  low a b i l i t y  su b ­

je c t s  a l s o  were much p o o re r  on numbers Ij. and 9»

Common E rro rs  

P a r t  One

For th o se  d raw ings in  w hich some u n d e rs ta n d in g  was 

shown, th e  most common e r r o r  made was t h a t  o f  o m itt in g  one 

s u r fa c e  o f the  s o l i d ,  e s p e c ia l ly  the  to p . T hus, th e  cube 

was o f te n  drawn uQ lj , th e  fru stu m  o f a pyram id , and

the r i g h t  t r i a n g u la r  s o l id  f ^ second ty p e  o f

e r r o r  was t h a t  o f m aking th e  bottom  edges form  a s t r a i g h t  

l i n e ,  such  as drav/ing th e  cone o r  th e  fru s tu m  o f  a 

pyram id . For th o se  s o l id s  hav in g  c i r c u l a r  s u r ­

f a c e s ,  o f te n  o n ly  h a l f  o f  th e  c i r c l e s  were draw n, a s  in
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draw ing  th e  c y l in d e r  * ^  The s u r fa c e s  were a l s o  f r e ­

q u e n tly  found  in  th e  wrong o rd e r  o r  wrong p o s i t io n s .  For 

exam ple, th e  r i g h t  t r i a n g u l a r  s o l id  was drawn i_ i ,

th e  t r a p e z o id a l  s o l id  i  .1— , and th e  c y l in d e r

C* T O . These ty p es  o f e r r o r s  were found f o r  ages 

and b o th  t r e a tm e n ts .

Of th o se  in c o r r e c t  on th e  cube , t h i r t e e n  ($75^ o f 

th o se  i n c o r r e c t )  o m itted  one s u r f a c e ,  draw ing th e  f ig u r e  

P I  ̂ . For th e  fru stu m  o f a pyram id , n in e  (18^) o m itted  

one s u r f a c e ,  drawing i t  w h ile  a n o th e r  seven ( l l |^ )

drew i t  . Nine (12jS) drew th e  r i g h t  t r i a n g u la r

s o l id  w ith o u t one s u rfa c e   ̂ and a n o th e r  n in e  (12^)

p u t  th e  s u r fa c e s  in  th e  wrong p o s i t io n s ,  such a s  draw ing 

' . For th e  t r i a n g u la r  p rism , ten  (32^) drew

^ . Seven (19?^) added an e x tra  sq u are  to  th e  

te t r a h e d ro n ,  draw ing i t  a s  a sq u a re  pyram id • f iv e

(19^) drew th e  t r i a n g u la r  s o l id  3  . The t r a p e ­

z o id a l  s o l id  was drawn s e v e ra l  w ays. T w en ty -five  (23^) 

o m itted  one s u r fa c e ,  such a s  d raw ing  f p  ~  *

f  I ’ f o u r te e n  (13^) had th e  wrong o rd e r ,  such

as  j ^"2^1 ' * " "I , and a n o th e r  seven  (6^) o m itted  one 

s u r fa c e  and had th e  o th e r  s u r fa c e s  in  the  wrong o rd e r ,  such 

= ̂ P ~ ^ ^  I " I - The m ost common e r r o r  made on th e  c y l in d e r  

was draw ing  on ly  h a l f  th e  c i r c l e s .  T h ir ty -o n e  (62$^) drew 

i t  I ^  ~l . Seven (7^) p u t th e  c i r c l e s  in  the  wrong 

n l a ce o r  L) . w h ile  a n o th e r  seven  (7%) made b o th
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m is ta k e s , draw ing d  ft. For b o th  th e  cone and th e

fru s tu m  o f  a cone, th e  edges were o f te n  drawn a s  s t r a i g h t  

l i n e s .  T h ir ty - fo u r  (22^) drew th e  cone , w h ile  f i f t e e n  

o th e rs  (10^) a ls o  had o n ly  a h a l f  c i r c l e  . The fru s tu m  

o f  a cone was o f te n  drawn as  a t ra p e z o id  o r  a r e c ta n g le  

w ith  tw e n ty - f iv e  ( l6 ^ )  draw ing i t /  ,  f o u r te e n  (9^)

F' ^  ‘ (6^) ‘ f i f t e e n  (9^) I ^  ' .

I h i r ty - tw o  ( 23^ )  drew th e  cake i— ^ — i w h ile  a n o th e r  f o u r  

(3 ^) in d ic a te d  th e  cu rv in g  by draw ing i - E ig h teen

(13^) made th e  edges o f  th e  s e c to r s  o f  th e  c i r c l e s  o f d i f ­

f e r e n t  le n g th s  so th a t  the  ends o f th e  a rc s  w ere along  a

Eleven

o th e rs  (8^) p u t th e  cu rv in g  su rfa c e  a t  th e  end o f  one o f 

th e  s e c to r s ,  o f te n  o m ittin g  o th e r  s u r f a c e s ,  such  as draw ing 

)o r

r e r e n t  le n g tn s  so tn a t  tne  enas oi une a rc s  wei 

s t r a i g h t  l i n e ,  draw ing I " ( ^ ^ 1  o r I I '  

o th e rs  (8^) p u t th e  cu rv in g  su rfa c e  a t  th e  end

P a r t  Two

Many o f th e  f ig u r e s  i n c o r r e c t ly  chosen in  P a r t  Two 

r e f l e c t  the  same ty p es  of e r r o r s  th a t  were found on th e  

d ra w in g s . For s ix  o f  th e  s o l i d s ,  th e  f ig u r e  m ost o f te n  

chosen in c o r r e c t ly  was the  same as the  m ost common f ig u r e  

found in  the  i n c o r r e c t  d raw in g s. The f ig u r e  c Q ]  was 

chosen f o r  th e  cube by th i r t e e n  s u b je c ts  o f  those

i n c o r r e c t ) .  T h irty -tw o  (6$^) chose i f o r  the

t r a p e z o id a l  s o l i d .  Twelve o th e r s (21).^) th o u g h t th a t  none 

o f th e  f ig u re s  were c o r r e c t .  F if ty - tw o  (58^) chose 

f o r  th e  cone, w h ile  a n o th e r  tw e n ty -s ix  (29^ )  c h o s e .
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T w enty-nine ($6^) chnse < f o r  the  t r i a n g u la r  s o l id

and tw elve (235?) chose For th e  fru s tu m  o f  a cone

n in e ty -s e v e n  (6 l^ )  chose and t h i r t y - f o u r  (22^)

chose . For th e  te tra h e d ro n ,  t h i r t y  ( S l ^ )  chose

and tw elve (21^) chose .

Only s ix te e n  had drawn th e  sq u are  pyram id in c o r ­

r e c t l y .  However, th i r ty - tw o  m issed  i t  on p a r t  two, w ith  

s e v e n te e n  of them (53^) choosing and sev en  o th e rs

(22^ )  c h o o s i n g . For th e  fru s tu m  o f  th e  pyram id and 

th e  cak e , th e  m ost common in c o r r e c t  drawing was one o f  the  

f i g u r e s  o f te n  chosen b u t  n o t  th e  m ost f r e q u e n t ly .  F if te e n  

($6^) chose f o r  th e  fru stu m  o f a pyram id and e ig h t

(30^ )  p icked  , w h ile  th i r ty - tw o  (^.6^) chose f o r

th e  cake and tw enty (29^) n ick ed  r  . T w enty-six

{ l \ ^ )  chose f o r  th e  t r i a n g u la r  p rism . None o f  the

g iv en  f ig u re s  were judged to  be c o r r e c t  by e ig h te e n  o f  th e  

s u b je c ts  f o r  th e  c y lin d e r  and e lev e n  (55^) f o r  the

r i g h t  t r i a n g u la r  s o l i d .  Nine o th e rs  (22^) chose ^  f o r  

th e  c y l in d e r  and fo u r  (20^) chose f o r  th e  r i g h t

t r i a n g u la r  s o l i d .

P a r t  Three

Item s e lev e n  th rough  f i f t e e n  o f  P a r t  T hree were 

a ls o  an a ly zed  to  de term in e  which sq u a res  were m ost f r e ­

q u e n tly  chosen in c o r r e c t ly .  For number e le v e n , e le v e n  

s u b je c ts  (33^) chose square  one and a n o th e r  n in e  {2T%) 

chose sq u are  fo u r .  For number tw e lv e , e le v e n  (39^) chose
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s q u a re  one. T h ir te e n  (1̂ .15?) chose sq u are  f o u r  on num ber 

t h i r t e e n ,  w hile  sq u a res  two and f i v e  were each  chosen  by 

sev en  o th e rs  (2 2 ^ ) . S quares fo u r  and th re e  were chosen 

in c o r r e c t ly  on number fo u r te e n  by t h i r t e e n  s u b je c ts  ( 32^ )  

and tw elve s u b je c ts  ( 30^ )  r e s p e c t iv e ly ,  w h ile  sq u a re  two 

was chosen by seven  s u b je c ts  (35^) on number f i f t e e n .

These sq u ares  were m o stly  d ia g o n a l to  th e  g iv e n  sq u a re  o r  

one sq u a re  f u r th e r  away from  th e  d ia g o n a l s q u a re .  However, 

f o r  numbers e le v e n  and f o u r te e n ,  one o f  th e  sq u a re s  f r e ­

q u e n t ly  chosen in c o r r e c t ly  was the  one a d ja c e n t  to  th e  

g iv e n  sq u a re .



CHAPTER V

SUMMARY, FINDINGS, AND RECOMMENDATIONS

Summary o f  th e  S tudy 

T h is s tu d y  was d e s ig n ed  to  I n v e s t ig a te  th e

c a p a b i l i t i e s  of s tu d e n ts  to  r o t a t e  and d ev e lo p  s u r fa c e s

o f  s o l id s  and the  e f f e c t  o f  t r a in in g  on such a b i l i t i e s .

I t  in v o lv ed  s ix th ,  e ig h th ,  and t e n th  g rad e  s tu d e n ts  o f  

th e  Putnam C ity (Oklahoma) In d ep en d en t School D i s t r i c t  

and was conducted in  th e  s p r in g  o f  1976 .

The s tu d e n ts  in  each g ra d e  were b locked  by a b i l i t y

and s e x .  Twelve s u b je c ts  were random ly s e le c te d  from  each 

b lo c k  in  th e  s ix th  and e ig h th  g rad es  and s ix  from  each  

b lo c k  in  the  te n th  g ra d e . S ix  o f th e  s u b je c ts  from  each  

b lo c k  in  the  s ix th  and e ig h th  g rad es  re c e iv e d  b o th  t r a in in g  

and  t e s t i n g .  The rem ain ing  s u b je c t s  were t e s t e d  o n ly ,

A c r i t e r i o n  t e s t  was d ev e lo p ed , c o n s is t in g  o f th r e e  

p a r t s .  The f i r s t  two p a r ts  were i d e n t i c a l ,  ex c e p t f o r  th e  

m ethod o f  re sp o n d in g . On P a r t  One, th e  s u b je c ts  were 

r e q u ir e d  to  draw th e  r e s u l t  o f  r o t a t i n g  o r  d e v e lo p in g  th e  

s u r f a c e s  o f  tw elve s o l id s ,  w h ile  on P a r t  Two, th e y  had to  

s e l e c t  th e  c o r r e c t  f i g u r e s .  Hie tw elve s o l id s  in c lu d e d  th e

76
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f o u r  s o l i d s  ( th e  cone, th e  c y l in d e r ,  th e  cube, and the  

te t ra h e d ro n )  d is c u s se d  by P ia g e t  in  The C h ild ' s C onception 

o f  S pace . The th i r d  p a r t  c o n s is te d  o f  f i f t e e n  f i g u r e s ,  

each  o f  w hich c o n s is te d  o f  s ix  connected  s q u a re s .  For te n  

o f  th e  f ig u r e s  th e  s u b je c ts  were to  d e te rm in e  w he ther th e  

f ig u r e  co u ld  be fo ld e d  to  form  a cube and f o r  th e  o th e r  

f i v e  th ey  were to  determ ine which fa c e  would be o p p o s ite  a 

p a r t i c u l a r  fa c e  when the  f ig u re  was f o ld e d .

ih e  t r a in in g  p ro ced u re  was d e s ig n ed  to  p ro v id e  th e  

s u b je c ts  w ith  ex p e rien ce  in  fo ld in g  and u n fo ld in g  s o l id s .  

N ine s o l i d s ,  d i f f e r e n t  from  those  on th e  c r i t e r i o n  t e s t ,  

were u s e d . Models o f each s o l id  were g iv en  to  th e  s u b je c ts  

to  in s p e c t  and th en  to  draw th e  r e s u l t  o f  d ev e lo p in g  o r 

r o t a t i n g  th e  s u r f a c e s .  P ro p e r t ie s  o f th e  s o l id s ,  such  as 

th e  number and shape o f th e  f a c e s ,  were d is c u s s e d .  The 

m odels w ere th en  c u t open and compared w ith  th e  d raw in g s. 

I n c o r r e c t  d raw ings fo r  each  s o l id  were shown and th e  

re a so n s  why th ey  were in c o r r e c t  were a l s o  d is c u s s e d .

The c r i t e r i o n  t e s t  was a d m in is te re d  to  a l l  s u b je c ts .  

The s c o re s  o f th o se  s u b je c ts  w ith o u t t r a i n i n g  w ere compared 

to  d e te rm in e  th e  a b i l i t i e s  o f  s tu d e n ts  to  r o t a t e  and 

dev e lo p  s u r f a c e s ,  u s in g  a g e , sex , and a b i l i t y  as v a r i a b l e s .  

W ith in  each  o f th e  s ix th  and e ig h th  g ra d e s ,  com parisons 

w ere made betw een those w ith  t r a in in g  and th o se  w ith o u t 

t r a in in g  to  determ ine th e  e f f e c t  o f th e  t r a in in g  p ro c e d u re , 

w ith  sex  and a b i l i t y  a ls o  c o n s id e re d .
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The re sp o n ses  on the  draw ing and the  m u l t ip le  

c h o ice  p a r t s  o f  th e  c r i t e r i o n  t e s t  were com pared, p e r ­

c e n ta g e s  o f  c o r r e c t  re sp o n se s  were c a lc u la te d ,  in d iv id u a l  

item s were in v e s t ig a te d  to  d e term in e  which had been  

m aste re d  and which w ere th e  m ost d i f f i c u l t ,  and th e  ty p es  

o f  e r r o r s  f r e q u e n t ly  made in  th e  draw ings were d e te rm in e d .

F in d in g s  and C onclusions

For th o se  s u b je c ts  who d id  n o t  r e c e iv e  t r a i n i n g ,  

age was found to  be a s i g n i f i c a n t  f a c t o r  f o r  a l l  th re e  

p a r t s  o f  th e  t e s t ,  w ith  s c o re s  in c re a s in g  a s  age in c re a s e d .  

On P a r ts  One and T h ree , b o th  e ig h th  and te n th  g ra d e rs  

sco red  s i g n i f i c a n t l y  h ig h e r  th an  s ix th  g r a d e r s ,  w h ile  on 

P a r t  Two, o n ly  the te n th  g ra d e rs  sco red  s i g n i f i c a n t l y  

h ig h e r  than  th e  s ix th  g ra d e r s .  However, a b i l i t y  and sex  

w ere a l s o  found to  be im p o rtan t f a c t o r s .  On P a r t  One, b o th  

a b i l i t y  and sex  were s i g n i f i c a n t ,  w ith  h ig h  and av e rag e  

a b i l i t y  s u b je c ts  s c o r in g  s i g n i f i c a n t l y  h ig h e r  th an  low 

a b i l i t y  s u b je c ts  and m ales s c o r in g  s i g n i f i c a n t l y  h ig h e r  

th an  fe m a le s .  On P a r t  Two, th e  h ig h  a b i l i t y  s u b je c t s  

sco red  s i g n i f i c a n t l y  h ig h e r  th an  the  low a b i l i t y  s u b je c t s ,  

w ith  m ost o f  t h i s  d i f f e re n c e  r e s u l t i n g  from  d i f f e r e n c e s  

w i th in  the fe m a le s . The low a b i l i t y  m ales a l s o  sc o re d  

s i g n i f i c a n t l y  h ig h e r  th a n  the  low a b i l i t y  fe m a le s  on th i s  

p a r t .

In c re a se s  in  s c o re s  w ith  in c re a s e s  in  age were 

found f o r  a lm o st a l l  com binations o f a b i l i t y  and s e x .
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W hile th e se  in c re a s e s  were o f te n  g ra d u a l ,  th e  averag e  

a b i l i t y  m ales had la rg e  in c re a s e s  b o th  betw een th e  s i x t h  

and e ig h th  g ra d es  and betw een th e  e ig h th  and t e n th  g ra d e s .  

The sc o re s  o f  th e  h ig h  a b i l i t y  m ales and fe m a le s  and th e  

low a b i l i t y  fem ales tended  to  in c re a s e  more betw een th e  

s i x t h  and e ig h th  g ra d es  and th o se  o f  th e  a v e ra g e  a b i l i t y  

fe m a le s  more betw een th e  e ig h th  and te n th  g ra d e s .  I n ­

c re a s e s  in  s c o re s  w ith  in c r e a s e s  i n  a b i l i t y  w ere found 

more o f te n  among th e  fe m a le s . For s ix th  and  t e n th  g ra d e  

fe m a le s , th e  h ig h  and av e rag e  a b i l i t y  s u b je c ts  ten d ed  to  

have h ig h e r  s c o re s  th an  th e  co rre sp o n d in g  low a b i l i t y  

s u b je c t s ,  w h ile  f o r  th e  e ig h th  g rade fe m a le s , th e  h ig h  

a b i l i t y  s u b je c ts  tended to  have h ig h e r  s c o re s  th an  th e  

av e rag e  and low a b i l i t y  s u b je c t s .  Males g e n e r a l ly  had 

h ig h e r  sc o re s  th an  th e  co rresp o n d in g  fe m a le s , e s p e c ia l ly  

f o r  th e  average a b i l i t y  e ig h th  g ra d e rs  and th e  low a b i l i t y  

s u b je c ts  o f each  g ra d e . However, f o r  th e  h ig h  a b i l i t y  

s u b je c t s ,  th e  fem a les  tended  to  have h ig h e r  s c o r e s .

Thus, t h i s  s tu d y  te n d s  to  su p p o rt P i a g e t 's  con­

c lu s io n  th a t  age i s  a f a c t o r  i n  th e  developm ent o f  th e  

a b i l i t y  to  develop  and r o t a t e  th e  s u r fa c e s  o f  s o l i d s .  

However, a b i l i t y  and sex  a r e  a ls o  f a c to r s  w hich a f f e c t  

t h i s  developm ent.

Less th an  o f th e  s ix th  g ra d e rs  sco re d  70^ o r  

h ig h e r  on P a r ts  One and Two and o n ly  5%  o f them  on P a r t  

T h ree . A lthough th e re  was a s i g n i f i c a n t  in c re a s e  betw een
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th e  s i x t h  and e ig h th  g rad e  m eans, o n ly  s l i g h t l y  more than  

h a l f  th e  e ig h th  g ra d e rs  and 69^  o f  th e  te n th  g ra d e rs  sco re d  

t h i s  h ig h  on P a r ts  One and Two. T h e re fo re , th e s e  s u b je c ts  

a r e  n o t  co n s id e red  to  have m aste red  th e s e  t a s k s .  However, 

on P a r t  T hree, 88^ o f  th e  e ig h th  and ^1% o f  th e  te n th  

g ra d e rs  sco red  o v e r 70^. Thus, m as te ry  o f  t h i s  p a r t  o f th e  

t e s t  does seem to  be re ach e d  by th e  e ig h th  g ra d e  (age 

f o u r te e n ) .  The o n ly  groups f o r  w hich 70^ o r  more o f th e  

g roup  sco red  ov er 70?̂  on P a r ts  One o r  Two were th e  h ig h  

a b i l i t y  e ig h th  g rad e  fem a les  and th e  h ig h  a b i l i t y  te n th  

g rad e  m ales and fem ales on b o th  P a r ts  One and Two, th e  

av e rag e  a b i l i t y  te n th  g rad e  m ales on P a r t  One, and th e  h ig h  

a b i l i t y  s ix th  g rad e  fem a les  on P a r t  Two.

For th e  s ix th  g ra d e , th e  t r a in in g  p ro ced u re  

r e s u l t e d  in  h ig h e r  mean s c o re s  on a l l  th re e  p a r t s  o f  th e  

t e s t ,  w ith  th e  in c re a s e s  b e in g  s i g n i f i c a n t  on P a r t s  One 

and T h ree . In c re a s e s  were found  f o r  a lm o st a l l  combina­

t io n s  o f  a b i l i t y  and sex , e s p e c ia l ly  f o r  th e  h ig h  a b i l i t y  

m a le s , th e  av e rag e  a b i l i t y  fe m a le s , and th e  low a b i l i t y  

fe m a le s .  As a r e s u l t  o f  th e  t r a i n i n g ,  th e  mean f o r  th e  

s i x t h  g ra d e rs  w ith  t r a in in g  was a s  h ig h  a s  t h a t  o f  th e  

e ig h th  g ra d e rs  w ith o u t t r a in in g  on P a r t  Two and alm ost as  

h ig h  on th e  o th e r  two p a r t s .  S l i g h t l y  o v e r h a l f  th e  s i x t h  

g ra d e rs  w ith  t r a in in g  sco red  o v e r 70^ on P a r ts  One and Two, 

w h ile  o f them sco red  t h i s  h ig h  on P a r t  T h ree . T here­

f o r e ,  th e  t r a in in g  p ro ced u re  r e s u l t e d  in  th e se  s ix th
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g ra d e rs  m a s te r in g  P a r t  Three o f  th e  t e s t .  The h ig h  a b i l i t y  

m ales and fem ales  a ls o  m aste re d  P a r ts  One and Two.

F or th e  e ig h th  g ra d e , th e  t r a i n i n g  p ro ced u re  

r e s u l te d  in  s i g n i f i c a n t l y  h ig h e r  mean sc o re s  on P a r t  One. 

Over 80^ o f  th e  e ig h th  g ra d e rs  w ith  t r a in in g  sco red  o v er 

705S. Thus, th e  t r a in in g  enab led  them to  m a s te r  t h i s  p a r t .  

As was found a t  th e  s ix th  g rad e  l e v e l ,  th e  t r a in in g  was 

m ost e f f e c t i v e  f o r  th e  h ig h  a b i l i t y  m a le s , th e  av e rag e  

a b i l i t y  fe m a le s , and th e  low a b i l i t y  fe m a le s .  The im prove­

ment in  th e  s c o re s  o f  th e  fem ales r e s u l t e d  in  t h e i r  means 

b e in g  h ig h e r  th a n  th o se  o f  th e  m ales on P a r t s  One and 

T hree . For a l l  a b i l i t y  l e v e l s ,  on each  p a r t  o f  th e  t e s t ,  

the  fem ales w ith  t r a in in g  sco red  a lm o s t a s  h ig h  o r  h ig h e r  

than th e  co rresp o n d in g  m ales.

The e f f e c t iv e n e s s  o f  th e  t r a i n i n g  p ro ced u re  

su p p o rts  P ia g e t 's  a s s e r t io n  th a t  e x p e rie n c e  in  fo ld in g  and 

u n fo ld in g  s o l id s  i s  n e c e s s a ry  in  the  developm ent o f th e  

a b i l i t y  to  r o t a t e  and d ev e lo p  s u r f a c e s .  That i t  was so 

e f f e c t iv e  f o r  fe m a le s , e s p e c ia l ly  a t  th e  e ig h th  g rade  

where i t  r e s u l t e d  in  t h e i r  sc o re s  b e in g  a lm o s t a s  h ig h  o r 

h ig h e r  than  th o se  o f  th e  c o rre sp o n d in g  m a le s , seems to  

su p p o rt th e  p o s i t io n  t h a t  d i f f e r e n c e s  betw een th e  sex es 

a re  l a r g e ly  due to  d i f f e r e n c e s  in  e x p e r ie n c e .

The p e rc e n ta g e s  o f c o r r e c t  re sp o n se s  v a r ie d  w id e ly  

fo r  th e  d i f f e r e n t  s o l i d s .  On P a r t  One, o n ly  two s o l id s  

( th e  cube and th e  sq u are  pyram id) w ere m as te re d  by th e
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s ix th  g ra d e rs  w ith o u t t r a i n i n g .  The e ig h th  g ra d e rs  w ith ­

o u t t r a in in g  a ls o  m astered  th e  t r i a n g u l a r  p rism , th e  t r i ­

a n g u la r  s o l id ,  and th e  te t r a h e d ro n ,  and th e  t e n th  g ra d e rs  

added th e  fru stu m  o f a pyram id and th e  r i g h t  t r i a n g u la r  

s o l i d .  Less th an  30^ o f  th e  draw ings o f  th e  co n e , the  

ca k e , th e  fznistum o f  a cone , th e  t r a p e z o id a l  s o l i d ,  and th e  

c y l in d e r  were c o r r e c t  f o r  th e s e  s i x t h  g r a d e r s ,  w h ile  o n ly  

th e  cone, the  fru stu m  o f  a cone, and th e  cake were t h a t  

d i f f i c u l t  f o r  th e  e ig h th  and te n th  g r a d e r s .  The same 

p a t t e r n s  w ith  r e s p e c t  to  ag e , a b i l i t y ,  and sex  w ere g e n e r­

a l l y  found f o r  th e  in d iv id u a l  s o l id s  a s  f o r  P a r t  One 

o v e r a l l .

As a r e s u l t  o f  th e  t r a in in g  p ro c e d u re , th e  s ix th  

g ra d e rs  w ith  t r a in in g  were a b le  to  m as te r  fo u r  s o l id s  ( th e  

t r i a n g u la r  p rism , th e  fru s tu m  o f  a pyram id , th e  t r i a n g u la r  

s o l i d ,  and th e  te tra h e d ro n )  in  a d d i t io n  to  th e  two m aste red  

by th o se  w ith o u t t r a i n i n g .  However, th e y  a l s o  had  d i f f i ­

c u l ty  w ith  the  same f iv e  s o l id s  a s  d id  th o se  w ith o u t 

t r a i n i n g .

The e ig h th  g ra d e rs  w ith  t r a in in g  m aste red  one s o l id  

( th e  fru stu m  o f  a pyram id) in  a d d i t io n  to  th o se  m aste red  by 

th e  e ig h th  g ra d e rs  w ith o u t t r a in in g .  They a l s o  had d i f f i ­

c u l ty  w ith  the  same th re e  s o l id s  a s  d id  th o se  w ith o u t 

t r a in in g .

On P a r t  Two, th e  s ix th  g ra d e rs  w ith o u t t r a in in g  

s u c c e s s fu l ly  s e le c te d  fo u r  s o l id s  ( th e  cube, th e  t r i a n g u la r
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p rism , th e  f ru s tu m  o f  a pyram id , and th e  r i g h t  t r i a n g u la r  

s o l i d ) ,  th e  e ig h th  g ra d e rs  added f o u r  o th e rs  ( th e  t r a p e ­

z o id a l  s o l id ,  th e  sq u are  pyram id , th e  c y l in d e r ,  and th e  

te t r a h e d ro n ) ,  and th e  te n th  g ra d e rs  added one f u r th e r  

s o l id  ( th e  t r i a n g u l a r  s o l i d ) .  A l l  g ra d es  had d i f f i c u l t y  

w ith  th e  fru stu m  o f  a cone.

As a r e s u l t  o f  th e  t r a i n i n g  p ro c e d u re , th e  s ix th  

g ra d e rs  w ith  t r a in in g  were a b le  to  s u c c e s s fu l ly  re c o g n iz e  

two s o l id s  ( th e  sq u a re  pyram id and th e  t r i a n g u l a r  s o l id )  in  

a d d i t io n  to  th e  fo u r  s u c c e s s fu l ly  chosen by th e  s ix th  

g ra d e rs  w ith o u t t r a i n i n g .  However, th e y  a l s o  had d i f f i ­

c u l ty  w ith  th e  f ru s tu m  o f a cone.

W hile th e re  was some im provem ent on a few o f  the  

s o l id s  f o r  th e  e ig h th  g ra d e rs  w ith  t r a in in g ,  th ey  d id  n o t  

m a s te r  any  f u r th e r  s o l id s  and even dropped below 70^ on 

th e  te t r a h e d ro n .

Of th e  fo u r  s o l id s  u sed  by P ia g e t ,  th e  cube was th e  

o n ly  one m astered  by a l l  th re e  g ra d e s .  The te t r a h e d ro n  was 

m astered  by th e  e ig h th  and te n th  g ra d e rs  and th e  c y l in d e r  

was s u c c e s s fu l ly  chosen by th e  e ig h th  and te n th  g ra d e rs  on 

P a r t  Two, This does n o t  a g ree  w ith  th e  r e s u l t s  re p o r te d  by 

P ia g e t .  His s u b je c ts  were a b le  to  d ev e lo p  th e  cone and th e  

c y l in d e r  more e a s i l y  than  to  r o t a t e  th e  cube and th e  t e t r a ­

h ed ro n . P ia g e t a t t r i b u t e d  th i s  to  th e  f a c t  t h a t  " th e  

c y l in d r i c a l  and co n ic  s u r fa c e s  a re  n o t  f l a t  b u t  cu rv ed , 

w ith  th e  r e s u l t  t h a t  th e  c u rv a tu re  i t s e l f  ten d s  to  su g g e s t
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th e  a c t io n  o f u n r o l l in g  them* A p art from  t h i s ,  th e se  s o l id s  

have o n ly  two o r  th re e  s id e s  as compared w ith  the  fo u r  o r 

s ix  s id e s  o f  th e  pyram id and c u b e .” (P ia g e t  and In h e ld e r ,  

p .  286) W hile th e  p r e s e n t  s tu d e n ts  d id  seem to  be a b le  to  

u n r o l l  th e  cone and c y l in d e r ,  th ey  had d i f f i c u l t y  in  p re ­

s e rv in g  th e  eq u a l h e ig h t  o f  th e  cone , o f te n  draw ing th e  

bottom  edge a s  a s t r a i g h t  l i n e ,  and in  p re s e rv in g  th e  

e n t i r e  c i r c l e s ,  draw ing o n ly  h a l f  a c i r c l e  on th e  edge .

N ot o n ly  w ere th e se  n o t  m astered  by age e le v e n ,  a s  P ia g e t  

seems to  e x p e c t,  b u t  even a t  th e  t e n th  g rad e  o n ly  $6^ of 

th e  draw ings o f  th e  c y lin d e r  and l6 ^  o f  th e  cone were 

c o r r e c t .  M astery  o f  th e  cube was ac h ie v ed  by th e  s ix th  

g rade and o f  th e  te t ra h e d ro n  by th e  e ig h th  g ra d e . The 

f iv e  m ost d i f f i c u l t  s o l id s  f o r  a l l  g roups w ere th e  fo u r  

s o l id s  which had curved  s u r fa c e s  and th e  t r a p e z o id a l  s o l id .  

Thus, i t  seems to  be e a s ie r  f o r  s tu d e n ts  to  r o t a t e  s u r fa c e s  

which a re  p o ly g o n s .

On P a r t  T h ree , th e  s ix th  g ra d e rs  w ith o u t t r a in in g  

m astered  o n ly  seven o f  th e  f i f t e e n  ite m s , w h ile  th e  e ig h th  

and te n th  g ra d e rs  m aste red  a l l  b u t  two o f them . The 

t r a in in g  p ro ced u re  en ab led  th e  s i x t h  g ra d e rs  w ith  t r a in in g  

to  m as te r  tw elve o f  th e  i te m s . The two t h a t  were th e  m ost 

d i f f i c u l t  w ere * * | I I~1 and , f ig u r e s  which can be

fo ld e d  in to  cu b es, b u t  which r e q u ir e  some o f  the  sq u ares  

to  be fo ld e d  up and th e n  aro u n d . The o th e r  item  a ls o  n o t

m astered  by th e  s i x t h  g ra d e rs  w ith  t r a in in g  was •
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w hich uses th e  same f ig u r e  as th e  l a t t e r  one ab o v e .

F or th o se  d raw ings in  w hich some u n d e rs ta n d in g  was 

shown, th e  m ost common e r r o r  was t h a t  o f o m itt in g  one o f 

th e  s u r f a c e s ,  e s p e c i a l l y  th e  to p .  Edges f o r  th e  c i r c u l a r  

s o l id s  were a l s o  f r e q u e n t ly  drawn a lo n g  a s t r a i g h t  l i n e ,  

r a th e r  th an  b e in g  cu rv ed . For th o se  s o l id s  h av in g  c i r c u l a r  

s u r f a  c e s , o f te n  o n ly  h a l f  th e  c i r c l e s  were draw n. The 

s u r fa c e s  were a ls o  f r e q u e n t ly  drawn in  th e  wrong o rd e r  o r  

in  th e  wrong p o s i t i o n s .  These ty p e s  o f e r r o r s  were found  

f o r  a l l  ages and b o th  t r e a tm e n ts .  For P a r t  Two, many o f 

th e  f ig u re s  in c o r r e c t ly  chosen  co n ta in e d  th e  same ty p es  o f 

e r r o r s  as were found  in  th e  d ra w in g s . For s i x  o f th e  

tw elve s o l id s ,  th e  in c o r r e c t  f ig u r e  m ost o f te n  s e le c te d  

c o n ta in ed  th e  same ty p e  o f  e r r o r  a s  was m ost o f te n  made in  

th e  in c o r r e c t  d raw ings o f  t h a t  s o l i d .  For th e  l a s t  f i v e  

item s o f p a r t  t h r e e ,  th e  sq u are  m ost o f te n  i n c o r r e c t ly  

chosen was th e  one d ia g o n a l to  th e  g iv e n  sq u are  o r  one 

sq u a re  f u r th e r  away from  th e  d ia g o n a l s q u a re . On two o f 

th e  f ig u r e s ,  th e  sq u a re  a d ja c e n t  to  th e  g iv en  sq u are  was 

a l s o  f r e q u e n t ly  ch o sen .

The c a lc u la t io n  o f  the  P ea rso n  product-m om ent 

c o r r e la t io n  c o e f f i c i e n t  betw een P a r ts  One and Two r e s u l t e d  

in  an  r  o f  *3hf  i n d ic a t in g  t h a t  th e  two m ethods a re  n o t  

e q u iv a le n t  m ethods o f m easu ring  th e  s u b j e c t s '  a b i l i t i e s  to  

d evelop  and r o t a t e  s u r fa c e s  o f s o l i d s .

I t  i s  p o s s ib le  t h a t  d raw ing  a b i l i t y  co u ld  have
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a f f e c te d  th e  r e s u l t s  in  P a r t  One and t h a t  th e  t r a in in g  

p ro ced u re  m erely  im proved th e  s u b j e c t s ' a b i l i t i e s  to  draw 

th e  m en ta l Images th ey  had of th e  r e s u l t s .  However, th e  

s ig n i f ic a n c e  o f  age on P a r t  Two seems to  i n d ic a te  t h a t  i t  

i s  more l i k e l y  t h a t  th e  younger s u b je c t s  have n o t  deve loped  

th e  im agery n e c e s sa ry  to  p erfo rm  th e  o p e r a t io n .  A lthough  

th e  t r a in in g  p ro ced u re  d id  n o t  have a s i g n i f i c a n t  e f f e c t  on 

th e  r e s u l t s  on P a r t  Two, th e r e  were in c re a s e s  f o r  some o f  

th e  g ro u p s , so t h a t  th e  t r a i n i n g  co u ld  n o t  have m ere ly  

a f f e c te d  drawing a b i l i t y .  A lso , th e  f a c t  t h a t  th e  e r r o r s  

m ost f r e q u e n t ly  found in  th e  d raw ings were o f te n  th e  same 

as  th o se  in  the f ig u r e s  m ost f r e q u e n t ly  in c o r r e c t ly  chosen 

in d ic a te s  th a t  th e  s u b je c ts  were draw ing th e  images t h a t  

th ey  saw. In  some cases i t  i s  p o s s ib le  t h a t  th e  s u b je c t  

knew w hat the r e s u l t  sh o u ld  b e , b u t  re c e iv e d  a g ra d e  o f one 

due to  h i s  i n a b i l i t y  to  draw i t .  However, i t  was u s u a l ly  

obv ious when th e  s u b je c t  was t ry in g  to  draw th e  c o r r e c t  

r e s u l t  and he was g iv en  f u l l  c r e d i t  f o r  h i s  d raw ing .

Bie use o f  the  m u lt ip le  ch o ice  method o f  re sp o n se  

i s  q u e s tio n a b le  due to  i t s  low r e l i a b i l i t y .  I t  i s  a l s o  

q u e s t io n a b le  due to  th e  f a c t  t h a t  f o r  th e  llij.7 item s t h a t  

were drawn c o r r e c t ly ,  th e  s u b je c t s  m issed  th e  same item  on 

th e  m u ltip le  ch o ice  p a r t  l8 5  tim es and f o r  th e  399 item s in  

w hich th e  draw ings showed no u n d e rs ta n d in g  o f th e  r e s u l t ,  

th e  s u b je c ts  were s t i l l  a b le  to  choose th e  c o r r e c t  r e s u l t  

170 t im e s . The l a t t e r  seems to  s u b s t a n t i a t e  P ia g e t 's
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a s a e p t lo n  th a t  c h i ld re n  can p ic k  ou t th e  c o r r e c t  draw ings 

on th e  b a s i s  o f c e r t a i n  d e t a i l s .  The e x is te n c e  o f such 

d e t a i l s  in  more than  one o f  th e  ch o ice s  cou ld  a ls o  d i s t r a c t  

a s u b je c t  who i s  cap ab le  o f  draw ing th e  r e s u l t  h im s e lf .  

T hus, r e q u ir in g  th e  s u b je c ts  to  draw th e  r e s u l t s  seems to  

be th e  more a p p ro p r ia te  method o f d e te rm in in g  th e  s u b je c ts  * 

a b i l i t i e s  in  d ev e lo p in g  and r o t a t i n g  s u r fa c e s  o f s o l i d s .

Re commenda t io n s

Recommendations f o r  th e  C lassroom  

S ince ex p e rien ce  in  w orking w ith  s o l id s  seems to  

be n e c e s s a ry  f o r  th e  developm ent o f th e  a b i l i t y  to  d eve lop  

and r o t a t e  s u r fa c e s  o f s o l i d s ,  o p p o r tu n i t ie s  f o r  such 

ex p e rie n c e  shou ld  be p ro v id ed  in  th e  c la ss ro o m s . Models 

co u ld  be made a v a i la b le  f o r  th e  s tu d e n ts  to  m an ip u la te  

and p r o je c t s  cou ld  be d ev ised  in  w hich th e  s tu d e n ts  would 

have to  p la n  and b u i ld  o b je c t s ,

Fem ales, in  p a r t i c u l a r ,  sh o u ld  be encouraged  to  

p a r t i c ip a t e  in  a c t i v i t i e s  t h a t  w i l l  g iv e  them ex p e rien ce  

in  w orking w ith  o b je c t s .  S in c e , w ith  t r a in in g ,  th ey  can 

f u r t h e r  develop  t h e i r  a b i l i t i e s ,  th ey  shou ld  be encouraged 

to  ta k e  cou rses t h a t  w i l l  develop  th e s e  a b i l i t i e s  and to  

c o n s id e r  c a re e rs  in  a re a s  t h a t  in v o lv e  v i s u a l  p e r c e p t io n .  

The ty p es o f e r r o r s  commonly made by th e  s tu d e n ts  

sh o u ld  be co n sid ered  in  p lan n in g  le s s o n s  on to p ic s  w hich 

in v o lv e  s o l id s  so  t h a t  d i f f i c u l t i e s  due to  such  e r r o r s
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m ight be f o r e s t a l l e d .

Recommendations f o r  F u r th e r  R esearch

S ince s i x t h  g ra d e rs  were s u c c e s s fu l  w ith  th e  cube 

and th e  square  pyram id , a b a s ic  u n d e rs ta n d in g  o f  t h i s  

o p e ra t io n  m ust s t a r t  to  deve lop  a t  an e a r l i e r  ag e . P ia g e t  

p la c e s  the  co m p le tio n  o f  th e  fram ework f o r  such  o p e ra t io n s  

a t  ab o u t th e  age o f  n in e .  Thus, f u r t h e r  re s e a rc h  i s  needed  

to  d e te rm in e  th e  a b i l i t i e s  o f  younger s u b je c ts  and th e  

e f f e c t s  of e x p e rie n c e  f o r  them . The e f f e c t s  o f  such 

t r a in in g  a t  e a r l i e r  ag es  upon th e  age a t  w hich m aste ry  i s  

l a t e r  ach iev ed  shou ld  a l s o  be s tu d ie d .

O lder s u b je c ts  shou ld  a l s o  be s tu d ie d  to  d e term in e  

when th e  more d i f f i c u l t  s o l id s  a r e  m aste red  and what e f f e c t  

t r a in in g  has a t  l a t e r  a g e s .

Ihe e f f e c t s  o f t r a in in g  d es ig n ed  to  develop  o th e r  

s p a t i a l  a b i l i t i e s ,  e s p e c i a l l y  th o se  o f fe m a le s , cou ld  be 

in v e s t ig a te d .

L o n g itu d in a l s tu d ie s  a re  a l s o  needed  to  determ ine 

i f  th o se  w ith  t r a in in g  m a in ta in  t h e i r  s u p e r io r i t y .

The t r a in in g  p ro ced u re  a l s o  needs to  be t e s t e d  in  

th e  c la ssro o m . S in ce  p ro v id in g  ea ch  s tu d e n t  w ith  a model 

m igh t be im p r a c t ic a l ,  sm a ll g roups o f  s tu d e n ts  m ight work 

to g e th e r  on each  m odel.
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APPENDIX A 

SOLIDS USED IN ŒESTING

Examples

T e st S o l id s

2

Cube T rian gu lar
p rism

93



*

T rap ezo id a l
s o l id

Square
pyramid

C ylinder
Frustum o f  
a pyramid

R igh t t r ia n g u la r  
s o l id Cone
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10

T rian gu lar  s o l id Frustum  
o f  a cone

11 12

Cake Tetrahedron



APPENDIX B 

PART TWO OP THE TEST

Fop each s o l id  shown, check  the  f ig u r e  

t h a t  w i l l  r e s u l t  when th e  s o l id  i s  

u n fo ld e d . I f  none o f th e  f ig u re s  i s  

c o r r e c t ,  check "none o f th e  ab o v e ."

Name
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Example

None o f  th e  above
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None o f  th e  above
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None o f  th e  ab o v e
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None o f  th e  above
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None o f  th e  above_
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None o f  th e  above
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None o f  th e  above



lOlj.

None o f  th e  above
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None o f  th e  above



io6

None o f  th e  above
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None of th e  above
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None o f  th e  above
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None o f  th e  above
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PART THREE OP THE TEST
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D eterm in e w h eth er  ea ch  o f  th e  

f o l lo w in g  f ig u r e s  can be  

f o ld e d  to  form  a c u b e .
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8

10 w

Do n o t go on to  the  n e x t page u n t i l  asked to  do s o .



Each of the  fo llo w in g  f ig u r e s  11 

can be fo ld e d  to  form  a cube.

When I t  Is  fo ld e d , what s id e  

w i l l  be o p p o s ite  th e  s id e  

marked w ith  an X?

12 1 2 13 X 1

3 X k 2 3 4

5



115

Vf\ \A

ro



APPENDIX D

SOLIDS USED IN TRAINING

Heavy l in e s  in d ic a te  where the s o l id  was to  be cu t
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1
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I
I
I
I

o

1 -
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APPENDIX E

INCORRECT DRAWINGS USED IN TRAINING
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c o

7

7

1

Ü



APPENDIX P

PLANE FIGURES USED IN TRAINING

1

2

3 K

6
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APPENDIX G 

RAW SCORES
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P a r t  One

S ix th  G raders w ith  T ra in in g

Sex A b il ity
le v e l

Subj.
no. 1 2 3 4

S olid  
5 6

number 
7 8 9 10 11 12

Score

1 2 2 2 2 2 1 2 0 2 0 1 2 18
2 2 2 2 2 2 2 2 1 2 1 2 2 22

High 3 2 2 2 2 1 2 2 1 2 0 2 2 20
k 1 2 1 2 0 2 2 0 2 0 0 2 14
5 2 2 2 2 2 2 2 2 2 1 2 2 23
6 2 2 2 2 0 2 2 0 2 0 1 2 17

1 1 2 1 2 0 2 0 1 2 0 0 2 13
2 2 2 1 2 2 2 1 1 2 1 0 2 18

M Average ? 2 2 1 2 1 2 0 1 2 1 0 2 l6
4 2 2 2 2 1 2 2 1 2 0 2 2 20

2 2 0 2 2 2 1 1 0 0 1 2 15
6 2 2 1 2 1 2 2 0 2 1 2 2 19

1 2 1 1 2 1 2 2 0 2 1 0 2 l6
2' 2 2 1 2 1 2 2 1 2 1 1 2 19

Low 3 2 2 1 2 1 2 2 0 1 0 2 2 17
4 2 2 0 2 0 1 1 0 2 0 0 2 12
5 2 2 1 0 1 2 2 1 2 1 1 2 17
6 2 2 1 2 0 2 0 0 2 0 0 2 13

1 2 2 1 2 2 1 2 1 2 2 0 0 17
2 1 2 1 2 2 2 2 0 2 1 1 2 18

High 3 2 2 2 2 1 2 1 0 2 1 1 2 18
4 2 2 1 2 2 2 2 1 2 1 2 2 21
5 2 2 1 2 1 2 2 2 2 0 1 2 19
6 1 2 1 2 0 2 1 0 2 0 0 2 13

1 2 1 1 1 0 1 1 0 2 0 0 2 11
2 2 2 1 2 1 2 1 1 2 1 0 2 17

F Average 3 2 2 0 2 0 1 1 1 2 0 0 2 13
4 1 2 1 2 2 2 2 1 2 1 0 2 18
5 2 1 2 2 1 2 2 1 2 1 2 2 20
6 2 0 1 2 1 1 2 1 2 0 2 2 l6

1 1 1 1 2 0 2 2 0 2 0 1 2 i 4
2 2 2 1 2 1 2 2 0 2 0 0 2 16

Low 3 1 2 1 2 0 2 0 0 1 0 1 2 12
4 2 2 1 2 2 0 0 1 0 I 1 0 12
5 2 2 0 2 0 0 1 1 2 0 0 0 10
6 2 2 1 0 0 0 2 0 2 0 0 0 9
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S ix th  G ra d e rs  w i th o u t  T r a in in g

Sex A b i l i t y
l e v e l

S u b j.
n o . 1 2 3 k

S o lid  
5 6

number
7 8 9 10 11 12

Score

1 2 2 2 2 2 2 2 1 2 0 1 2 20
2 2 1 0 2 0 1 1 1 1 0 0 0 9

High 3 2 2 1 2 1 2 1 1 2 1 0 2 17
k 2 1 1 2 0 2 2 0 2 0 1 2 15
5 2 2 1 2 2 2 1 0 2 1 0 2 17
6 2 2 1 2 0 2 2 0 2 0 0 2 15

1 1 2 0 2 1 1 2 0 2 1 1 2 15
2 0 0 0 1 0 0 0 1 0 0 0 0 2

M Average 3 1 2 2 2 2 2 2 1 2 1 0 2 19
k 2 2 1 2 2 2 2 1 2 2 1 2 21
5 2 2 2 2 0 2 0 0 2 0 0 2 li»-
6 2 2 2 2 2 1 1 2 0 2 2 2 20

1 2 2 0 2 1 2 1 0 1 1 1 2 15
2 2 2 0 2 2 2 2 2 2 2 2 2 22

Low 3 0 1 0 0 0 1 0 0 0 0 0 0 2
2 2 1 2 2 2 1 1 2 1 0 2 18

5 2 2 1 2 0 1 1 0 2 0 0 0 11
6 1 2 0 2 0 2 0 0 0 0 0 2 9

1 2 2 1 2 1 2 2 0 2 1 1 2 18
2 2 1 0 2 0 1 1 1 1 0 0 1 10

High 3 2 2 1 2 1 2 2 1 2 1 0 2 18
2 2 0 2 1 2 0 1 2 1 0 2 15

5 2 2 0 2 1 2 2 1 1 2 1 2 18
6 2 0 1 2 0 2 1 0 2 0 1 0 11

1 2 2 1 2 0 0 2 0 2 1 1 1 14
2 2 2 1 2 2 2 2 1 2 0 2 2 20

P Average 3 2 1 0 1 1 0 0 0 2 0 1 2 10
k 2 2 1 1 1 2 1 0 2 1 0 2 15
5 2 2 1 2 1 2 1 0 2 1 0 2 i 6
6 2 1 1 2 0 1 1 0 2 0 0 0 10

1 2 0 0 0 1 1 0 0 0 0 1 0 5
2 2 2 0 2 2 1 0 0 2 0 0 2 13

Low 3 1 1 0 0 0 2 0 1 0 0 0 0 5
c 2 2 1 2 2 2 2 1 2 1 1 2 20
5 2 1 0 0 1 0 1 0 2 1 0 0 8
6 2 0 0 2 0 1 0 0 0 0 0 0 5
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E ig h th  G ra d e rs  w ith  T ra in in g

Sex A b i l i t y
l e v e l

Sub j . 
n o . 1 2 3 1».

S o lid  number
5 6 7 8 9 10 11 12

Score

1 2 2 2 2 2 2 2 2 2 1 0 2 21
2 2 2 1 2 1 2 1 2 2 1 0 2 18

High 3 2 2 2 2 2 2 2 1 2 1 0 2 20
k 2 2 2 1 2 1 1 1 2 1 1 2 18
5 2 2 2 2 2 2 2 1 2 1 1 2 21
6 2 2 2 2 1 2 2 2 2 0 0 2 19

1 2 2 2 2 0 2 2 1 2 0 2 2 19
2 2 2 1 2 0 2 2 0 2 0 1 1 IS

M Average 3 2 2 2 2 2 2 2 1 2 1 2 2 22
k 2 2 2 2 2 0 2 0 2 0 1 2 17
5 0 2 1 2 0 2 1 0 2 1 0 0 11
6 2 1 2 2 2 2 1 1 2 1 0 2 18

1 2 2 1 2 2 2 1 1 2 0 1 2 18
2 2 2 1 2 1 1 0 1 2 1 0 2 IS

Low 3 2 2 2 2 2 2 0 1 2 1 1 2 19
2 2 1 2 2 2 2 1 2 0 0 2 18

§ 2 1 1 2 0 1 0 0 2 0 0 0 9
6 2 2 1 2 1 2 2 0 2 0 2 2 18

1 2 2 1 2 0 2 1 1 1 0 1 2 IS
2 2 2 1 2 2 2 2 2 2 1 2 2 22

High 3 2 2 2 2 2 1 2 1 2 2 0 2 20

1 2 2 2 2 2 1 2 1 2 1 1 2 20
2 1 2 2 2 2 2 2 1 2 1 2 0 19

F Average 3 2 2 2 2 2 2 2 1 2 1 1 2 21
t 2 2 1 2 2 2 2 1 2 0 2 2 20
5 2 2 2 1 2 1 2 1 2 1 1 0 17
6 2 2 2 2 1 2 2 1 2 1 1 2 20

1 2 2 2 2 1 2 1 0 2 1 0 2 17
2 2 1 2 1 2 2 2 0 2 0 2 1 17

Low 3 2 2 1 2 1 2 2 0 2 1 0 2 17
2 2 1 2 2 2 2 1 1 1 1 2 19

5 2 1 2 0 2 2 1 0 2 0 0 2 14
6 2 2 1 2 2 2 2 2 1 1 2 2 21
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E ig h th  G ra d e rs  w ith o u t  T ra in in g

Sex A b il i ty
le v e l

S u b j.
no. 1 2 3

S o lid  
5 6

number 
7 8 9 10 11 12

Score

1 2 2 2 2 2 2 2 2 2 2 2 1 23
2 2 2 2 2 0 2 0 0 2 1 0 2 IS

High 3 2 2 1 2 2 0 2 1 2 1 1 2 18
k 2 2 2 2 2 2 2 1 2 0 0 2 19
g 1 2 1 2 1 1 0 1 2 1 0 2 14
6 2 2 2 2 2 2 2 1 2 1 0 2 20

1 2 2 2 2 0 2 1 1 2 0 0 2 l6
2 2 2 2 2 2 2 1 1 2 0 0 2 18

M Average 3 2 2 1 2 2 2 2 2 2 2 0 2 21
k 1 2 1 2 1 0 1 1 2 1 0 2 14
s 2 2 1 2 2 2 2 2 2 1 2 2 22
6 2 2 2 2 0 2 2 0 2 0 1 2 17

1 2 2 1 2 0 2 2 1 2 1 0 0 IS
2 2 2 1 2 1 0 2 1 2 1 0 1 IS

Low 3 2 2 1 2 2 2 2 1 2 1 1 2 20
k 2 2 0 2 2 2 1 1 1 1 1 1 l6
g 2 2 1 2 1 1 2 1 2 1 0 2 17
6 2 2 1 2 0 2 2 1 2 1 0 2 17

1 2 2 2 2 2 2 2 0 2 1 1 0 18
2 2 2 2 2 1 2 2 1 2 0 2 2 20

High 3 2 2 2 2 1 2 2 1 2 1 0 1 18
( 2 2 2 2 1 2 2 1 1 0 1 2 18
5 2 1 1 2 2 1 2 0 2 1 2 2 18
6 2 1 1 2 1 2 1 0 1 0 0 2 13

1 2 2 2 2 1 2 1 1 2 1 0 1 17
2 2 1 0 2 0 2 1 1 1 0 0 2 12

F Average 3 2 2 2 2 0 2 2 0 2 0 0 2 l6
k. 1 1 2 2 2 1 1 1 2 1 0 2 l6
I 2 2 1 2 1 2 0 1 2 1 1 0 IS
6 2 2 1 2 1 2 1 0 2 0 0 1 14

1 2 1 1 2 0 1 1 1 2 0 0 2 13
2 2 2 1 2 2 1 1 0 2 1 1 2 17

Low 3 2 2 2 2 1 2 1 1 2 1 1 2 19
It 1 2 0 2 1 1 1 1 2 0 0 2 13
5 2 2 0 2 1 0 1 1 2 1 0 0 12
6 2 2 0 2 0 1 1 0 2 0 0 2 12
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T enth  G ra d e rs

Sex A b il i ty
le v e l

Subj.
no . 1 2 3

S olid
5 6

number 
7 8 9 10 11 12

Score

1 2 2 1 2 1 2 2 1 2 1 1 2 19
2 2 2 1 2 1 2 2 0 2 0 2 2 18

High 3 2 2 2 2 2 2 2 0 2 1 2 2 21
2 2 2 2 2 2 2 1 2 1 2 2 22
2 2 1 2 2 2 2 1 2 2 1 2 21

o 2 2 1 2 2 2 2 1 1 1 1 2 19

1 2 2 1 2 2 2 2 2 2 1 1 2 21
2 2 2 1 2 2 2 2 2 2 2 2 2 23

M Average 3 2 2 2 2 2 2 2 1 2 2 2 2 23
k 2 2 2 2 2 2 2 2 2 1 1 2 22
? 1 2 2 2 2 2 2 1 2 0 1 2 19
6 1 2 1 2 0 1 1 0 0 0 0 2 10

1 2 2 1 2 2 2 2 1 2 1 0 2 19
Low 2 2 1 1 2 1 2 1 1 2 0 0 2 IS

1 2 2 2 2 1 0 2 1 2 0 1 2 17
2 2 2 2 2 1 2 2 1 2 1 2 2 21

High 3 2 2 2 2 2 2 2 2 2 1 1 2 22
h 2 2 2 2 2 2 2 1 2 1 1 2 21
$ 2 2 2 2 2 2 2 1 2 1 1 2 21
6 2 2 2 2 2 0 2 1 2 1 0 2 18

1 0 2 1 2 0 0 1 1 2 0 0 0 9
2 2 2 2 2 2 2 2 0 2 1 0 2 19

P Average 3 2 2 1 2 2 2 2 1 2 1 1 2 20
2 2 2 2 2 2 2 2 2 2 2 2 2L
2 1 2 2 1 2 2 1 1 0 0 2 l6

D 2 2 2 0 0 0 2 1 2 0 0 2 13

1 2 2 2 2 2 2 2 1 2 0 1 0 18
2 2 2 1 2 1 2 1 0 2 0 0 2 IS

Low 3 2 1 2 2 0 2 1 0 2 0 1 0 13
0 0 0 0 0 0 0 0 0 0 0 0 0
2 1 0 0 0 0 1 0 0 0 0 0 C
2 2 1 2 1 1 0 1 2 0 0 2 Hi,
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P a r t  Two

S ix t h  G raders w ith  T ra in in g

Sea A b il i ty
le v e l

Subj.
no. 1 2 3 hr

S o lid
5 6

number 
7 8 9 10 11 12

Score

1 1 1 1 1 1 1 1 1 1 0 1 1 11
2 1 1 1 1 1 1 1 1 1 0 1 1 11

High 3 1 1 1 0 0 1 1 1 1 0 1 1 9
1 0 1 1 0 0 1 0 1 0 1 1 7

? 1 1 1 1 1 1 1 1 1 1 1 1 12
6 1 1 1 1 0 1 1 1 1 0 1 10

1 0 0 0 0 0 0 1 0 1 0 1 0 3
2 1 1 0 1 1 1 1 0 1 0 1 1 9

M Average 3 1 1 0 1 1 1 1 0 1 0 0 0 7
k 1 1 1 1 1 1 1 0 1 0 1 0 9
5 1 0 0 1 1 1 1 0 1 1 0 0 7
6 1 1 0 0 1 1 1 1 0 0 1 0 7

1 1 1 1 1 0 1 1 0 1 0 1 1 9
2 1 0 1 1 1 0 1 0 1 0 1 0 7

Lov/ 3 1 1 0 1 0 1 1 1 0 1 1 0 8
c 1 1 0 1 1 1 1 1 1 0 0 1 9
? 1 1 1 1 1 0 1 1 1 1 1 1 11
6 1 0 0 1 1 1 1 1 1 0 1 1 9

1 1 1 1 1 1 1 1 1 1 0 1 1 11
2 1 1 1 1 0 1 1 0 1 1 1 0 9

High 3 1 1 1 1 0 1 1 1 1 1 1 1 11
1 1 0 1 1 1 1 0 1 0 1 1 9

5 1 1 1 1 1 1 1 1 0 0 1 1 10
6 1 0 0 0 0 1 0 0 1 0 0 1 hr
1 1 1 1 0 1 1 1 0 0 0 0 0 6
2 1 1 1 1 1 1 1 0 0 0 0 1 8

P Average 3 1 1 1 1 1 1 1 1 1 0 0 1 10
1 1 1 1 1 1 1 0 1 0 1 0 9

5 1 0 1 1 1 1 1 1 0 0 1 1 9
6 1 1 0 0 1 0 0 1 1 0 0 0 5

1 1 1 0 1 0 1 1 0 1 1 0 0 7
2 1 1 0 1 1 1 1 1 1 1 0 1 10

Low 3 1 0 0 1 0 1 1 0 1 0 1 1 7
4 1 1 1 1 0 0 1 1 1 0 1 0 8
5 1 0 0 1 0 0 1 0 1 0 1 0 3
6 1 1 1 1 0 1 1 0 1 0 0 0 7
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S ix th  G ra d e rs  w ith o u t  T ra in in g

Sex A b i l i ty
le v e l

S u b j.
no . 1 2 3

S o lid  
5 6

number 
7 8 9 10 11 12

Score

1 1 0 1 1 1 1 1 1 1 0 1 1 10
2 0 1 0 0 0 1 1 1 0 0 1 0 5

High 3 1 1 1 1 1 1 0 1 0 0 1 0 8
k 1 1 0 1 0 1 1 1 0 0 1 1 8
S 1 1 1 1 1 1 1 0 1 0 0 1 9
6 1 1 1 1 1 0 1 0 1 0 0 1 0

1 0 0 0 1 1 0 0 1 1 0 1 0 5
2 0 1 0 0 0 1 0 0 0 0 0 0 2

M Average 3 1 1 1 0 1 1 1 0 1 0 1 1 9
1 1 1 1 1 1 1 1 1 0 0 1 10

5 1 1 1 1 1 1 1 0 1 0 1 0 9
6 1 1 1 0 1 1 1 0 1 0 1 0 0

1 1 0 0 1 0 0 1 0 1 0 0 1 5
2 1 1 1 0 0 1 1 0 1 0 0 1 7

Low 3 0 1 1 1 1 1 1 1 1 0 1 1 10
k 1 1 1 1 I 1 1 0 1 0 1 1 10
5 1 1 1 1 1 1 1 0 1 0 1 0 9
6 1 1 0 1 0 1 1 1 0 0 1 1 8

1 1 1 1 1 1 1 1 0 1 0 0 1 9
2 1 1 1 1 1 1 1 1 1 0 1 1 11

High 3 1 1 1 1 1 1 1 1 1 0 0 1 10
1 1 1 0 1 1 1 0 1 0 1 1 9

$ 1 1 0 1 1 1 1 1 1 1 1 1 11
6 1 1 0 1 0 0 1 0 1 0 0 1 6

1 1 1 1 1 1 0 1 0 1 0 1 0 8
2 1 1 0 1 1 1 1 0 1 0 1 1 9

F Average 3 1 1 1 0 1 1 1 1 0 0 0 0 7
k 1 1 0 0 0 1 1 1 1 0 0 0 0
? 0 0 1 1 I 1 1 0 0 0 0 0 5
6 1 1 1 0 0 0 0 0 0 1 0 0 4

1 1 0 0 0 1 0 0 0 0 1 1 0 k
2 1 0 1 0 1 1 1 1 0 0 1 1 8

Low 3 0 0 0 0 0 1 0 0 0 0 0 0 1
4 0 1 1 1 1 0 1 0 1 0 0 1 7
5 1 1 0 1 0 1 1 0 0 0 1 I 7
6 0 1 0 1 0 0 1 0 0 0 1 0 il-
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E ig h th  G ra d e rs  w ith  T r a in in g

S e x A b i l i ty
le v e l

S u b j.
n o . 1 2 3

S o lid  
5 6

number 
7 8 9 10 11 12

Score

1 1 1 0 0 1 1 1 1 1 0 1 1 9
2 1 1 1 1 1 1 1 1 1 0 0 1 10

High 3 0 1 1 1 1 1 1 0 1 0 1 0 8
k 1 1 0 1 1 0 0 0 1 0 1 0 6
S 1 1 1 1 1 1 1 0 1 0 1 1 10
6 1 1 1 1 1 1 1 1 1 0 0 1 10

1 1 1 1 1 1 1 1 0 1 0 1 1 10
2 1 1 1 1 0 1 1 0 1 0 1 0 8

M Average 3 1 1 0 1 1 1 1 1 0 0 1 1 9
k 1 0 1 1 1 1 1 0 1 0 0 1 8
5 0 1 1 1 1 1 1 1 0 0 0 1 8
6 1 1 1 0 0 1 1 0 1 0 1 1 8

1 1 1 1 1 0 I 0 0 1 0 0 1 7
2 1 1 0 1 1 1 0 1 0 0 0 1 7

Low 3 1 1 1 1 1 1 1 1 0 0 1 0 9
4 1 1 1 1 1 1 1 1 1 0 0 0 9
5 1 0 0 1 0 1 1 0 1 0 1 0 6
6 1 1 1 1 1 1 0 1 1 0 1 0 9

1 1 1 0 1 0 1 0 0 0 0 1 1 6
2 1 1 1 1 1 1 1 1 1 0 1 1 11

High 3 1 1 1 1 1 1 1 0 1 0 1 1 10

1 1 1 1 1 1 1 1 0 0 0 1 0 8
2 1 1 1 1 1 1 1 0 0 0 0 1 8

P Average 3 1 1 1 0 1 1 1 0 0 0 0 1 7
1 1 1 1 1 1 1 0 0 0 0 1 8

? 1 1 1 0 1 1 1 0 1 0 1 1 9
6 1 1 0 0 1 1 1 0 0 0 1 1 7

1 1 1 1 1 0 1 1 0 1 0 0 0 7
2 1 1 0 0 1 1 1 1 1 0 0 0 7

Low 3 1 1 1 1 1 1 1 0 1 0 1 1 10
( 1 1 1 0 1 1 1 1 1 0 1 1 10
S 1 0 0 0 1 0 1 0 0 0 1 0 ll-
6 1 1 1 1 1 1 1 1 1 0 1 1 11
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E ig h th  G ra d e rs  w i th o u t  T r a in in g

Sex A b i l i ty S u b j. S o lid  number Score
le v e l n o . 1 2 3 If- 5 6 7 8 9 10 11 12

1 1 1 1 1 1 1 1 1 0 1 1 1 11
2 1 1 1 1 0 1 1 1 0 0 0 1 8

High 3 1 1 1 1 1 1 1 0 1 0 0 1 9
k 1 1 1 1 1 1 1 0 1 0 1 1 10
? 0 1 0 1 1 0 0 1 0 0 1 1 6
6 1 1 1 1 0 1 1 0 1 0 1 1 9

1 1 0 1 1 1 0 1 1 1 0 0 0 7
2 1 1 0 1 1 1 1 1 0 1 1 9

M Average 3 1 0 1 1 1 1 1 1 0 0 1 0 0
0 1 0 1 1 1 1 1 0 0 1 1 8

? 1 1 1 1 1 1 1 1 0 0 0 1 9
6 1 1 1 1 1 0 1 1 0 0 1 1 9

1 1 1 1 1 0 1 1 0 1 1 1 1 10
2 1 0 1 1 1 1 0 1 1 0 1 0 8

Low 3 1 1 1 1 1 1 1 1 0 0 0 1 9
1 1 0 1 0 1 1 1 0 1 0 7

5 1 1 1 1 1 1 1 0 1 0 0 1 9
6 1 1 1 1 1 1 1 0 0 0 1 1 9

1 1 1 1 1 1 1 1 0 1 0 1 1 10
2 1 1 1 1 1 1 1 1 1 0 1 1 11

High 3 1 1 1 1 1 1 1 0 1 0 0 1 9
4 1 0 1 1 1 1 1 1 1 0 0 1 9

1 1 1 1 1 1 1 0 1 0 1 1 10
0 1 1 1 1 1 1 1 0 0 0 0 0 7

1 1 1 0 1 1 1 1 0 1 0 0 1 8
2 1 0 0 1 0 1 0 0 1 0 0 0 i

F Average 3 1 1 1 1 1 1 1 1 1 0 0 1 10
4 1 0 1 1 1 1 1 1 0 0 0 1 8
5 1 0 1 1 1 1 0 1 0 0 0 7
6 1 1 1 1 1 1 1 1 0 0 0 1 9

1 1 0 0 1 1 1 1 0 1 0 1 1 8
2 1 1 1 I 1 1 1 0 1 0 0 1 9

Low 3 1 1 1 1 1 1 1 0 1 0 1 1 10
a 1 0 1 1 1 1 1 0 1 0 1 0 8

0 1 1 0 1 1 1 0 1 0 0 0 6
6 1 0 0 0 0 0 0 1 0 0 0 0 2
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Tenth Graders

Sex A b i l i ty
l e v e l

Sub j , 
n o .

S o lid  number
1 2  3 4 5  6 7  8 9 10 11 12

Score

High

M A verage

Low

High

Average

Low

1
2

1
2

I

1
2

1
2

1

1
2

1
2

I

1
1
1
1
1
1

1
1
1.
1
0
0

1
0
1
1
1
1

1
1
1
1
1
1

1
1
1
1
1
0

1
1
1
1
1
1

1
1
1
1
1
1

1
1
1
1
1
1

1
1
1
1
1
0

1
1
1
1
1
1

1 0  1 1  
1 1 1 0

1
1
1
1
1
1

1
1
1
1
1
1

1
1
1
1
1
0

1
1
1
1
1
1

1
1
1
1
1
1

1
1
1
1
1
1

0
1
1
1
1
1

1
1
1
1
0
1

1
1
1
1
1
1

1
1
1
1
1
1

0
1
1
1
1
1

1
1
1
1
1
0

1
1
0
0
1
1

0
0
1
0
1
1

1
1
1
1
0
0

1 1 1
1 1 1

0
0
1
1
1
1

1
1
1
1
1
1

1
1
1
0
1
1

1
0
1
1
1
1

1
1
0
0
1
0

1
1
1
1
0
0

0
0
0
0
0
0

0
0
0
0
0
0

1
1
1
0
1
1

0
1
1
1
1
0

1
1
1
1
0
1

0
1
1
1
1
0

1
0
1
0
1
1

1 1 0  
1 0  0

0
0
0
0
0
1

0
0
0
0
0
1

0
0
0
0
0
0

1
1
1
1
0
1

1
1
1
1
1
1

1 1 
0 1

0
1
0
1
1
0

0
1
1
0
0
1

1
1
1
0
0
1

1
1
1
1
1
1

0
1
1
1
1
1

1
1
1
0
0
0

9
9

11
10
9
7

11
10
11
10

8 
8

10
8

7
9

10
10
11
11

6
11
10

9t
11
11

I



P a r t  T h re e

S i x t h  G r a d e r s  w i t h  T r a i n i n g

Sex A b i l i ty
l e v e l

S u b je c t
num ber 1 2 3 k 5

Item  
6 7

number
8 9 10 11 12 13 lit. 15

S co re

1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 13
2 1 0 1 1 1 1 0 1 1 1 1 1 1 0 1 12

High 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ?
w 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1I4-
6 0 0 1 1 0 1 1 0 1 0 1 1 1 0 1 9

1 1 0 1 1 0 1 1 1 0 1 1 1 1 1 1 12
2 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 13

Male A verage 3 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 13
k 1 0 1 1 1 0 1 1 1 1 1 1 1 0 1 12

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
6 1 0 1 1 0 0 1 1 1 1 1 1 1 1 1 12

1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 li)-
2 1 0 1 0 1 0 1 0 1 0 0 1 1 1 1 9

Lev/ 3 1 0 1 1 1 0 1 1 1 1 0 1 0 1 1 11
1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 i 5
1 0 1 0 1 0 1 1 0 1 1 0 1 0 0

6 0 0 0 0 1 1 1 1 0 1 1 1 0 0 1 8

H



Sex A b i l i t y
l e v e l

S u b je c t
num ber 1 2 3 5

Item  
6 7

num ber
8 9 10 11 12 13 l 4  15

S core

1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 14
2 1 0 1 0 1 1 0 1 0 1 1 1 1 1 1 11

H igh 3 1 0 1 1 1 1 1 1 1 1 0 0 1 0 1 11
k 1 1 1 1 1 1 1 1 1 0 0 1 1 1 0 12
W 1 1 1 1 1 0 1 1 0 1 1 1 1 1 1 13
6 1 1 1 1 1 0 1 1 1 1 0 1 0 0 0 10

1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 14
2 1 0 1 1 1 1 1 1 1 1 1 0 0 1 1 12

fem ale A verage 3 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 13
1 0 1 1 1 0 1 1 1 1 1 1 1 0 1 12
1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 13

6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15

1 1 1 1 1 0 1 1 1 1 1 0 0 1 0 0 10
2 1 0 1 1 1 0 1 1 1 0 1 1 0 0 0 9

Low 3 1 0 1 0 1 0 1 0 1 1 1 1 1 1 1 11
1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 14
1 0 1 0 1 0 1 0 0 0 1 1 1 0 1 8

6 1 0 1 1 0 0 1 1 0 1 0 1 1 1 1 10

%



S i x t h  G r a d e r s  w i t h o u t  T r a i n i n g

Sex A b i l i t y
l e v e l

S u b je c t
num ber 1 2 3 k g

Item  
6 7

num ber
8 9 10 11 12 13 llj. 15

S co re

1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 I k
2 1 0 1 0 1 0 1 0 0 1 1 1 0 1 1 9

High 3 1 0 1 0 0 1 1 1 1 1 1 1 1 1 1 12
k 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 13
5 1 0 1 1 1 1 1 1 1 0 1 1 0 0 1 11
6 1 1 1 0 1 0 1 1 1 0 0 0 0 0 0 7

1 1 1 1 0 1 0 1 0 0 1 0 0 0 1 1 6
2 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 k

Male A verage 3 1 0 0 1 0 1 1 0 1 1 1 1 1 1 1 11
1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 13

5 1 0 0 0 1 0 0 0 1 1 0 0 0 0 0 k
6 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 13

1 1 0 1 1 1 0 1 1 1 1 0 1 1 0 1 11
2 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 13

Low 3 1 1 1 1 0 1 1 1 1 0 0 0 0 0 1 9
1 0 1 1 1 1 1 0 1 1 1 1 1 1 0 12

5 1 0 1 1 1 1 1 0 0 1 1 1 1 1 1 12
6 1 0 1 1 1 0 1 1 1 1 1 0 0 1 1 11



Sex A b i l i ty
le v e l

S u b je c t
number 1 2 3 !+ 5

Item  
6 7

number
8 9 10 11 12 13 Ilf. 15

Score

1 1 0 1 1 1 1 1 1 1 0 1 1 0 0 1 11
2 1 1 1 1 1 1 1 0 1 1 0 1 0 0 0 10

High 3 1 1 1 0 1 0 1 0 1 0 1 1 1 1 1 11
k 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 13
$ 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 13
6 1 1 0 1 1 0 1 1 0 1 1 1 1 1 0 11

1 1 0 1 1 1 0 1 1 1 1 0 1 1 1 1 12
2 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 111.

female Average 3 1 0 1 1 0 0 1 1 1 0 1 0 1 1 1 10
k 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 Ilf.
$ 1 0 1 0 1 0 1 1 0 1 1 1 1 0 1 10
6 1 0 1 1 0 0 1 1 1 1 0 0 1 0 1 9

1 1 0 1 0 1 0 1 1 1 1 1 0 1 0 0 9
2 1 1 1 0 0 0 1 1 1 0 0 0 1 1 1 9

IiOW 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
h 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 13
$ 1 1 1 1 1 1 1 1 0 0 0 0 1 0 0 9
6 0 0 1 1 1 0 1 1 1 1 0 0 0 0 0 7



E i g h t h  G r a d e r s  w i t h  T r a i n i n g

Sex A b i l i t y
l e v e l

S u b je c t
number 1 2 3 h 5

I tem  number
6 7 8 9 10 11 12 13 m. 15

Score

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15

High 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
k 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
$ 1 1 1 1 0 0 1 1 0 1 1 1 1 1 1 12
I 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 I k

1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 lit-
2 1 0 1 0 1 0 1 1 0 1 1 1 0 1 0 9

Male Average 3 1 0 1 1 1 0 1 1 1 1 1 1 0 0 1 11
Ij. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 5
g 1 0 1 1 1 0 1 1 1 1 1 0 1 1 1 12
6 1 0 1 0 1 1 1 1 0 1 0 1 0 1 0 9

1 1 1 1 0 0 1 1 1 1 0 1 1 1 1 1 12
2 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 iG

Low 3 1 0 1 0 1 0 0 1 0 0 1 0 1 1 1 Ô
4 1 0 1 1 1 0 1 1 1 1 0 1 1 0 1 11
w 1 0 1 1 0 0 1 1 0 1 1 0 1 0 1 9
6 1 0 1 1 1 0 1 1 1 1 1 0 1 0 1 11

wCD



Sex A b i l i t y
l e v e l

S u b je c t
number 1 2 3 1»- 5

Item  
6 7

number
8 9 10 11 12 13 l 4  15

S co re

1 1 0 1 1 1 0 1 1 0 1 0 1 1 1 1 11
2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15

High 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15

1 1 0 1 1 0 0 1 1 0 1 1 1 1 1 1 11
2 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 12

Female A verage 3 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1^
4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
é 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15

1 1 1 1 0 1 0 1 1 0 1 1 1 1 1 1 12
2 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 13

Low 3 1 0 1 1 1 0 1 1 1 1 1 1 1 1 12
c 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 %
5 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 4
6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15

s



E i g h t h  G r a d e r s  w i t h o u t  T r a i n i n g

Sex A b i l i t y
l e v e l

S u b je c t
number 1 2 3 h 5

Item  
6 7

number
8 9 10 11 12 13 ll .̂ 13

S core

1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1 13
2 1 1 1 1 0 0 1 1 1 0  1 1 1 1 1 12

High 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 13
k 1 0 1 1 0 1 0 1 1 1 1 1 1 1 1 12
5 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 13
6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 13

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 13
2 1 1 1 0 0 1 1 1 0 1 1 1 1 1 1 12

Male A verage 3 1 1 1 1 1 0 1 1 1 1 0  1 1 0 1 12
k 1 0 1 1 1 0 0 1 0 1 1 1 0 0 1 9
5 1 0 1 0 1 1 1 0 1 1 0  1 1 1 1 11
6 0 1 1 0 1 0 1 1 1 1 1 1 1 1 1 12

1 1 1 1 1 1 0 1 0 1 1 1 0  1 1 0 l l
2 1 0 1 1 1 0 1 1 1 1 1 1  1 13

Low 3 1 1 1 1 1 0 1 1 1 1 1 1 1 I t
h 1 0 1 1 1 1 1 0 0 1 1 1 1 1 1 12
5 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 I t
6 1 0 1 1 1 1 1 1 1 1 0  0 1 0 1 11

f



Sex A b i l i t y
l e v e l

S u b je c t
number 1 2 3 5

I tem  
6 7

number
8 9  10 11 12 13 111- 15

S co re

1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 l i t
2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15

High 3 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 4 -1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 lij.
5 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 13
6 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 13

1 1 0 1 1 1 1 1 0 1 1 1 1 0 1 1 12
2 0 0 1 1 1 1 0 1 0 0 0 1 0 0 1 7

Fem ale A verage 3 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 13
k 1 1 1 1 1 0 1 0 0 0 1 1 1 0 1 10
w 1 1 1 1 1 0 1 0 1 1 1 0 1 0 0 10
6 1 0 1 0 1 0 1 0 1 1 1 0 1 0 1 9

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
2 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 13

Low 3 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 14.
k 1 1 1 0 1 0 1 1 1 0 0 1 1 1 1 11
5 1 0 1 1 1 0 1 1 1 1 0 1 0 1 1 11
6 1 0 1 1 1 1 1 1 1 0 1 1 1 1 1 13



T e n th  G r a d e r s

Sex A b i l i t y
l e v e l

High

Male A verage

Low

S u b je c t
number

1
2

1

1
2

!

1
2

Item  number
1 2 3 k S 6 7 8 9 10 11 12 13 111. 15

S co re

111
11
1

1
1111
1

11111
0

0
0
11
0
0

1111
1
1

1
1111
1

11111
0

1
1
111
1

1
11
11
1

1
1
1111

1 0  1 1 1  
1 1 1 1 1

101
10
0

0
111
0
1

0
0

11111
1

1
11
1
11

1
1
11
1
1

1
1
1
1
1
0

0
1
1
1
1
1

1
1
1
1
1
1

1
1
1
1
1
1

1
1
1
1
0
1

1
1
1
1
1
0

1
1
1
1
1
1

1
1
1
1
1
0

1
1
1
1
1
1

1
1
1
1
1
0

1
1
1
1
1
1

1
1
1
1
1
0

1
1
1
1
1
1

1
1
1
1
1
1

1
1
1
1
0
1

1 1 1 1 1 1 1 1 1
1 1 1 0 1 1 1 1 1

f



Sex A b i l i t y
l e v e l

S u b je c t
number 1 2 3 h 5

Item  number 
6 7 8 9 10 11 12 13  11». 15

S co re

1 1 0 1 1 1 1 0 1 0 1 1 1 0 1 1 11
2 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 14

H igh 3 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 13
k 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 13

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
o 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15

1 1 0 1 1 1 0 0 0 1 1 1 1 1 1 1 11
2 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 Ik

Fem ale A verage 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
c 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15

1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 14
6 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 13

1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1 13
2 1 0 1 1 1 0 0 0 1 1 1 1 0 1 1 10

Low 3 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 14
1 0 1 0 0 0 1 0 1 0 1 1 0 1 1 5
1 1 1 0 0 1 1 1 1 1 1 0 1 0 1 11

6 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 14



APPENDIX H

GROUP MEANS, STANDARD DEVIATIONS, 

AND NUMBERS OP SUBJECTS

P a r t  One

Grade Sex At 11 . 
l e v e l

Trea tanent

W ithou t t r a in in g W ith t r a in in g

Mean SD No. o f Mean SD No. o f
s u b j . s u b j .

H 15 .50 3 .3 5 6 19 .00 3 .06 6
M A 15 .17 6 .4 1 6 16.83 2 .4 1 6

L 1 2 .8 3 6 .4 7 6 15.67 2 .4 3 6

H 15 .0 0 3 .3 7 6 17.67 2 .4 3 6
F A 34 .17 3 .48 6 15.83 3 .02 6

L 9 .3 3 5 .5 6 6 12.17 2 .3 4 6

6 M ll)..50 5 .7 3 18 17.17 2 .9 9 18
P 12 .83 4 .9 4 18 15 .22 3.47 18

H 15 .2 5 3 .3 7 12 18 .33 2 .8 4 12
A 14 .67 5 .1 9 12 16.33 2.78 12
L 11.08 6 .28 12 13 .92 2 .9 6 12

A ll 13.67 5 .4 1 36 16.19 3.38 36

1%
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Grade Sex A b il.
le v e l

Treatm ent ' ■

W ithout t ra in in g With t ra in in g

Mean SD No. of Mean SD No. o f
s u b j. s u b j.

H 18.17 3 .02 6 19.50 1 .2 6  6
M A 18,00 2 .7 7 6 17 .00 3 .4 2  6

L 16.67 1 .70 6 16.17 3 .4 4  6

H 17.50 2 .Ü . 6 19 .00 2 .9 4  3
F A 15.00 1 .63 6 19.50 1 .2 6  6

L 14.33 2 .69 6 17 .50 2 .1 4  6

8 M 17.61 2 .65 18 17.56 3 .2 2  18
P 15.61 2 .58 13 18.60 2 .2 4  15

H 17.83 2 .6 4 12 19.33 2 .0 0  9
A 16.50 2 .7 2 12 18 .25 2 .8 6  12
L 15.50 2 .53 12 16.83 2 .9 4  12

A ll 16.61 2 .80 36 18.03 2 .87  33

H 20 .00 1 .41 6
M A 19.67 4 .5 3 6

L 17.00 2 .00 2

H 20 .00 1 .83 6
P A 16.83 4 .8 8 6

L 10.67 6 .4 2 6

10 M 19.43 3 .35 14
P 15.83 6 .15 1Ô

H 20.00 1 .6 4 12
A 18.25 4 .9 2 12
L 12.25 6 .26 8

A ll 17.41 5 .8 5 32
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G rade Sex A b il .
l e v e l

T reatm ent

W ithout t r a in in g

Mean SD No. o f
s u b j .

H 17.89 3 .3 0 18
M A 17.61 5 .1 5 18

L 15.07 4 .8 5 14
H 17.50 3 .25 18

P A 15.33 3 .7 6 18
L 11.44 5 .5 6 18

A ll M 17.00 4.64 50
P 14.76 4.96 54

H 17.69 3 .28 36
A 16.47 4 .6 5 36
L 13.03 5 .5 6 32

A ll 15.84 4 .9 5 104
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P a r t  Two

Grade Sex A b il .
l e v e l

T rea tm en t

W ithout t r a in in g W ith t r a  in in g

Mean SD No. o f Mean SD No. o f
s u b j . s u b j .

H 8.00 1 .53 6 10 .0 0 1 .63 6
M A 7 .17 2 .79 6 7 .0 0 2 .0 0 6

L 8 .17 1.77 6 6 .8 3 1 .21 6

H 9 .33 1.70 6 9 .0 0 2 .38 6
P A 6 .5 0 1 .71 6 7 .8 3 1 .77 6

L 5 .17 2.1+1 6 7 .3 3 1 .49 6

6 M 7.78 2.15 18 8 .6 1 2 .0 6 18
F 7 .00 2 .62 18 8 .0 6 2 .0 4 18

H 8.67 1 .75 12 9 .5 0 2 .1 0 12
A 6 .8 3 2 .3 4 12 7 .4 2 1 .93 12
L 6.67 2.59 12 8 .0 8 1 .55 12

A ll 7 .39 2 .43 36 8 .3 3 2.07 36

H 8 .83 1 .57 6 8 .8 3 1 .4 6 6
M A 8.33 .75 6 8 .50 .76 6

L 8.67 .9 4 6 7 .8 3 1 .21 6

H 9 .3 3 1 .25 6 9 .0 0 2 .1 6 3
F A 7.67 1 .89 6 7 .8 3 .69 6

L 7.17 2 .61 6 8.17 2 .4 1 6

8 M 8 .61 1 .16 18 8 .39 1 .25 18
F 8.06 2 .20 18 8 .20 1 .9 0 15

H 9 .08 1 .4 4 12 8 .8 9 1 .73 9
A 8.00 1.47 12 8.17 .80 12
L 7 .92 2 .10 12 8 .0 0 1 .91 12

A ll 8.33 1 .7 8 36 8 .30 1 .59 33



]48

G rade Sex A b i l .
l e v e l

T rea  tm ent

W ith o u t t r a i n i n g

Mean SD N o. o f
s u b j .

H 9 .1 7 1 .21 6
M A 9 .6 7 1 .2 2 6

L 9 .0 0 1 .0 0 2

H 9 .6 7 1 .37 6
P A 8 .8 3 1.57 6

L 8 .3 3 2 .2 9 6

10 M 9 .3 6 1 .2 3 Ik
P 8 . 9k 1 .87 18

H 9 .k 2 1 .3 2 12
A 9 .2 5 l . k 8 12
L 8 .50 2 .0 6 8

A ll 9 .12 1 .6 3 32

H 8 .67 1 .53 18
M A 8 .3 9 2 .0 9 18

L 8 .5 0 i .k o I k

H 9 . ^ i .k 6 18
P A 7 .6 7 1 .97 18

L 6.89 2 .77 18

A l l M 8.22 1 .7 2 50
P 8 .0 0 2 .3 9 5k

H 9 .0 6 1 .2 k 36
A 8 .0 3 2 .0 6 36
L 7 .5 9 2 .k i 32

A ll 8 .22 2 .1 1 lo k
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Part Three

Grade Sex A b i l .
l e v e l

T reatm en t

W ithout t r a in in g W ith t r a in in g

Mean SD No. o f Mean SD No. o f
s u b j . s u b j .

H 11.00 2 .3 8 6 1 3 .00 2 .0 8 6
H A 8 .83 3 .8 0 6 1 2 .83 1 .0 7 6

L 11.33 1 .2 5 6 10.67 2 .5 6 6

H 11.50 1 .1 2 6 1 1 .83 1 . 3k 6
P A 11.50 1 .9 8 6 13 .17 1 .07 6

L 7 .8 3 3 .9 3 6 1 0 .33 1 .89 6

6 M 10.39 2 .9 1 18 12.17 2 .2 7 18
P 10.28 3 . lit- 18 11 .78 1 .8 7 18

H 11.25 1 .88 12 1 2 .k2 1 .8 5 12
A 10.17 3 .31 12 1 3 .00 1 .08 12
L 9 .58 3.%0 12 10 .50 2 .2 5 12

A ll 10.33 3 .0 3 36 11 .97 2 .0 9 36

H 13.33 1 .2 5 6 lk .3 3 1 .1 1 6
M A 11.83 1 .7 7 6 11.67 2 .2 9 6

L 12.50 1 .2 6 6 10 .83 1 .9 5 6

H 13.83 .69 6 13.67 1 .8 9 3
P A 10.17 1 .9 5 6 13.67 1 .6 0 0

L 12.83 I.I4.6 6 1 3 .33 1 .1 1 6

8 M 12.56 1 .57 18 12.28 2 .3 8 18
P 12.28 2 .1 3 18 13 .53 1 .5 0 15

H 13.58 1 .0 k 12 i k . i i i . k 5 9
A 11.00 2 .0 k 12 12.67 2 .2 1 12
L 12.67 1 .37 12 12 .08 2 .0 2 12

A ll 12.14.2 1 .8 8 36 12.85 2 .1 2 33
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Grade Sex A bil.
le v e l

Treatment

W ithout t ra in in g

Mean SD No. of
s u b j.

H 13.33 2 .k 3 6
M A 13.50 1 .38 6

L 13 .00 .00 2

H 13.50 1 .38 6
P A 13.67 1.37 6

L 11.67 2 .2 1 6

10 M 13.36 1 .8 k Ik
P 1 2 . 9k 1 .93 18

H 13 .k 2 1.98 12
A 13.58 1 .38 12
L 12.00 2 .0 0 8

A ll 13.13 1 .90 32

H 12.56 2 .3 6 18
M A 11.39 3 .2 0 18

L 12.07 1 .33 Ik

H 12 . 9k 1 .51 18
P A 11.78 2 .30 18

L 10.78 3 .k 7 18

A ll M 12 .00 2 . 5k 50
P 11.83 2 .7 1 5k

H 12 .75 1 .9 9 36
A 11.58 2 .7 9 36
L 1 1 . 3k 2 .8 2 32

A ll 11.91 2 .6 3 10k



APPENDIX I  

PERCENTAGES OP CORRECT RESPONSES
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P a r t  One

G rad e T re a tm e n t G roup Number o f  
s u b j e c t s 1 2 3 k

I te m
5 6

num ber
7 8 9 10 11 12

M ale 18 89 33 94 28 89 67 6 89 0 33 100

Fem ale 18 72 78 11 89 28 61 56 6 89 6 17 78

H igh 12 75 100 50 100 50 83 83 17 100 8 33 92
W ith

t r a i n i n g A v erag e 12 83 75 17 92 25 75 42 0 92 0 33 100

Low 12 83 83 0 83 8 67 58 0 75 0 8 75

6
T o ta l 36 81 86 22 92 28 75 61 6 89 3 25 89

M ale 16 72 78 22 89 39 67 39 11 67 17 11 78

Fem ale 18 9k 56 0 72 17 56 33 0 7 2 6 6 56

H igh 12 100 67 8 100 17 83 5 0 0 75 8 0 75
W ith o u t
t r a i n i n g A v e ra g e 12 75 75 25 75 33 50 4 2 8 83 17 17 75

Low 12 75 58 0 67 33 50 17 8 5 0 8 8 50

T o ta l 36 83 67 11 81 28 61 36 6 69 11 8 67

%



G rade T rea tm en t Group Number o f 
s u b je c t s 1 2 3 k 5

[tern number 
6 7 8 9 10 11 12

Male 18 9k 89 56 9k 56 78 56 17 100 0 17 83

Fem ale 15 93 87 60 80 73 80 80 13 80 7 33 80

High 9 100 100 67 89 67 78 67 44 89 11 11 io o
W ith

t r a i n i n g A verage 12 83 92 75 92 67 75 83 0 100 0 33 67

Low 12 100 75 33 83 58 83 50 8 83 0 25 83

8
T o ta l 33 9 l̂ 88 58 88 61f 79 67 15 91 3 24 82

Male 18 89 100 39 100 50 72 67 17 94 11 11 78

Fem ale 18 89 72 I4I1. 100 17 61 33 0 83 0 11 67

High 12 92 83 67 100 50 75 75 8 83 8 25 75
W ith o u t
t r a i n i n g A verage 12 83 83 50 100 33 83 33 17 92 8 8 75

Low 12 92 92 8 100 25 k z k z 0 92 0 0 67

To t a l 3 6 . , . , 89 86 I4.2 100 36 67 50 8 89 6 11 72

va
u >



G rade T rea tm en t Group Number o f  
s u b je c t s 1 2 3 4

Item  
5 6

number 
7 8 9 10 11 12

Male lit- 86 93 36 100 71 93 86 21 86 21 36 100

Fem ale 18 89 78 67 83 1 4 61 67 11 83 6 11 72

10
W ith o u t
t r a i n i n g

High

A verage

12

12

100

75

100

92

67 100 

58 92

67

67

83 100 

75  83

8

33

92

83

8

25

33

25

100

92

Low 8 88 50 25 75 25 62 25 0 75 0 0 50

T o ta l 32 88 84 53 91 56 75 75 16 84 13 22 84

Male 50 82 90 32 96 52 76 62 16 82 16 18 84

Fem ale 54 91 69 37 85 28 59 44 4 80 4 9 65

A ll
W ith o u t
t r a i n i n g

High

A verage

36

36

97

78

83

83

47  100 

44 89

■ k k  

44

81

69

75

53

6

19

83

86

8

17

19

17

83

81

Low 32 84 69 9 81 28 50 28 3 72 3 3 56

T o ta l 104 87 79 35 90 39 67 53 10 81 10 13 74



P a r t  Two

Grade Treatm ent Group Number of 
s u b je c ts 1 2 3 k

Item  number 
5 6 7 8 9 10 11 12

Male 18 72 56 83 67 78 100 56 89 22 83 61

Female 16 100 76 61 63 56 63 89 k h 78 22 56 56

High 12 100 83 63 83 50 92 92 67 92 25 92 92
W ith

t r a I n ln g Average 12 92 75 50 67 92 63 92 33 67 6 50 33

Low 12 100 67 k2  100 67 100 50 92 33 67 50

6
T o ta l 36 97 75 58 83 61 61 94 50 83 22 69 58

Male 16 76 83 67 72 67 83 83 iO». 72 0 67 61

Female 16 78 78 56 61 67 67 83 33 56 17 50 56

High 12 92 92 67 63 75 63 92 58 75 8 58 83
W ithout
t r a in in g Average 12 7S 63 67 50 75 75 75 33 67 6 50 25

Low 12 67 67 50 67 50 67 83 25 50 6 67 67

T o ta l 36 76 61 61 67 67 75 83 39 64 6 58 58

5



G rad e T re a  tm e n t G roup Number o f  
s u b j e c t s 1 2 3 k

Item  num ber
5  6 7 8 9 10 11 12

M ale 18 89 89 72 89 78 9lt- 78 50 78 0 61 61

F em ale 15 100 93 73 60 87 93 93 27 53 0 67 73

W ith
t r a i n i n g

H igh

A v erag e

9

12

89 100 

92 92

67

83

89

67

89 89 78 

83 100 100

l»4

17

89

1̂ 2

0

0

78

58

78

83

Low 12 100 83 67 75 75 92 75 58 75 0 56 42

8
T o ta l 33 9i)- 91 73 76 82 91». 85 39 67 0 61». 67

M ale 18 69 83 78 89 83 78 89 67 50 11 67 78

F em ale 18 9h 61 78 89 89 91». 89 33 78 0 33 67

W ith o u t
t r a i n i n g

H igh

A v erag e

12

12

92

92

92

58

92 100 

67 92

83

92

92

83

92

92

lj.2

75

67

50

8

0

58

33

92

67

Low 12 92 67 75 75 83 83 83 33 75 18 58 58

T o ta l ... 36 92 72 78 89 86 86 89 50 61». 6 50 72



Grade Trea tanent Group Number o f 
s u b je c t s 1 2 3 ll-

I tem  num ber
0 6 7 8 9 10 11 12

Male 111- 86 86 93 93 93 100 100 6k 61). 0 61|. 93

Fem ale 18 9l|- 78 89 9l|. 89 78 83 67 78 11 06 78

High 12 100 83 92 100 92 92 83 67 70 8 08 92
W ith o u t

10 t r a i n i n g A verage 12 83 83 92 100 92 92 100 08 67 8 08 92

Low 8 88 70 88 70 88 70 88 70 70 0 62 62

T o ta l 32 91 81 91 9k 91 88 91 66 72 6 09 84

Male 00 81̂ 81|. 78 81|. 80 86 90 08 62 1̂ 66 76

Female 01|- 89 72 7l|. 81 81 80 80 14 70 9 14.6 67

High 36 9l|- 89 83 9l|- 83 89 89 06 72 8 08 89
W ith o u t

A ll t r a i n i n g A verage 36 83 70 70 81 86 83 89 06 61 6 lf7 61

Low 32 81 69 69 72 72 70 81|. 1̂ 1 66 6 62 62

T o ta l lOL 87 78 76 63 81 83 88 01 66 7 06 71

VA



P a r t  T h re e

G rade T re a tm en t Group Number 
su b j « 1 2 3 li- 5  6

Item
7

num ber
8 9 10 11 12 13 llj. 15

M 18 89 28 9(+. 83 78  6 l 94. 89 78 89 89 94. 89 67 94-

P 18 100 100 78 89 50 89 89 78 78 72 83 83 67 78

W ith 
t r a I n in g

H

A

12

12

92 58 100 92 92 75 

100  33 100 92 75 58

83 92 75 83 75 92 92 58 83 

92 100 92 92 100 92 92 83 100

L 12 92 17 92 58  83 33 100 75 67 75 67 83 75 58 75

6
T o ta l 36 9k  36 97 81 83 56 92 89 78 83 81 89 86 67 86

M 18 100 39 83 72 72  50 89 56 78 78 61 67 50 67 78

F 18 89 56 89 67 72 28 91̂ 83 78 67 56 56 72 56 67

W ith o u t 
t r a  in in g

H

A

12

12

100 58 

100 50

92 58 92 58 100 

75 75 58 17 83

67 83 67 

67 75 83

75 83 50 67 

58 58 67 67

75

83

L 12 83  33 92 75 67 lt.2 92 75 75 67 k 2  4.2 67 50 58

T o ta l 36 9k k7 86 69 72 39 92 69 78 72 58 61 61 61 72

VAOO



G rade Trea tm ent Group Number
s u b j . 1 2  3 il- 5 6

I tem  num ber 
7 8 9 10 11 12 13 14 15

M 18 100 56 100 78 83 50 9i|. 100 72 89 89 78 78 72 89

P 15 100 6o 100 80 87 67 100 100 73 100 93 100 93 100 100

W ith 
t r a i n l n g

H

A

9

12

100 89 100 100 89 76 100 100 78 100 

100 50 100 75 83 50 100 100 75 100

89 100 100 

92 92 75

89 100 

92 83

L 12 100 lf2 100 67 83 50 92 100 67 83 92 75 83 75 100

8
T o ta l 33 100 58 100 79 85 58 97 100 73 94 91 88 85 85 94

M 18 9l|. 61 100 78 83 50 89 83 78 94 83 89 94 83 94

F 18 914. 50 100 89 9l|- 61 94 78 78 67 78 89 83 78 94

W ith o u t
t r a i n i n g

H

A

12

12

100 58 100 

83 50 100

92 83 67 

67 92 50

92 100 83 

83 58 58

83 100 100 100 100 100 

83 75 83 75 50 92

L 12 100 58 100 92 92 50 100 83 92 75 67 83 92 92 92

T o ta l 36 9k  56 100 83 89 56 92 81 78 81 81 89 89 81 94

s



Grade Trea tm ent Group Number 
s u b j . 1 2 3 4 5 6

Item  number 
7 8 9 10 11 12 13 14 15

M 100 57 100 93 100 50 100 93 93 86 93 93 93 93 93

P 18 100 67 100 83 78 67 83 72 89 83 100 94 83 94 100

10
W ith o u t 
t r a I n in g

H

A

12

12

100 75 100 92 

100 58 100 100

92 67 

100 58

92 83 83 100 

92 83 100 75

92

100

92

100

83

100

92

100

100

92

L 8 100 50 100 62 62 50 88 75 88 75 100 88 75 88 100

T o ta l 32 100 63 100 88 88 59 91 81 91 84 97 94 88 94 97

M 50 98 52 94 80 84 50 92 76 82 86 78 82 78 80 88

P 94  57 96 80 81 52 91 78 81 72 78 80 80 76 87

A ll
W ith o u t 
t r a i n i n g

H

A

36

36

100 64 

94  53

97

92

81

81

89 64 

83 42

94 83 

86 69

83

78

83

81

89

78

92

81

78

81

86

72

92

89

L 32 94  47 97 78 75 47 94  78 84 72 66 69 78 75 81

T o ta l 10l(. 96 55 95 80 83 51 91 77 82 79 78 81 79 78 88

HO'
O




