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R e c e n t  s t u d i e s  [e-g, , H o r r i s ,  1971; Thomas et, al , ,  3 9 7 3 )  

h a v e  shown t h a t  many high schoo l  and  c o l l e g e  age s u b j e c t s ,  

e s p e c i a l l y  women, do n o t  p r e d i c t  c o r r e c t l y  t h a t  t h e  water l e v e l  

i n  a p a r t i a l l y  filLe4 c o n t a i n e r  r e i s a i n s  h o r i z o n t a l  s e g a s d l e s s  

of t h e  tilt o f  t h a t  c o n t a i n e r ,  A l t h o u g h  Thomas h a s  s u g g e s t e d  

t h a t  the F o o r e r  p e r f o r ~ a n c e  bp womn on s u c h  c o n s e r v a t i o n  of 

h o r i z o n t a f i t f  t a s k s  i s  due t o  a c c n c e p t u a l  d e f i c i t ,  an  

a l t e r n a t i v e  e x p l a n a t i o n  ( P e r p e r  a n d  C h a s e ,  1974; Harris,  1975) 

i s  t h a t  t h e s e  t a s k s  i n v o l v e  v i s u o - s p a t i a l  s k i l l s  ia which  ~ a L e s  

h a v e  t r a d i t i o n a l l y  e x c e l l e d ,  The p n r p a s e  of onr r e s e a r c h  was t o  

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

f i e l d  d e p e n d e n c e - i n d e p e n d e ~ c e  a f fec t  p e s f o r s a n c e  on 

c o a s e r v a  tion o f  b o r i z o n t a l i t y  t a s k s ,  

F o r t y - s i g h t  s e n i o r  h i g h  s c h o a l  s t u d e n t s  i E x p e r i n t s n t  la) 

a n d  158 i n t r o d u c t o r y  p s y c h o l o g y  s t n d e n t s  fExgeriseat 9b) sere 

r e q u i r e d  t o  d r a w  a s a t e s  line to  i n d i c a t e  Bog t h e  water level 

would l o o k  i n  a series o f  d r a v i n g s  r e p r e s e n t i n g  b o t t l e s  a t  

v a r i o u s  degrees of tilt, S u b j e c t s  i n  the C u e  condition r e c e i v e d  

d r a v i n g s  of bottles w i t h  false water l i n e s  v h i c h   isr represented 

w h a t  t h e  water level s h o u l d  a c t u a l l y  look like. Subjects i a  the 

Mo Cue condition r e c e i v e d  d r a u i n g s  w i t &  no  v a t e r  l e v e L s  drawn 
I 

i n ,  Vomen, being Bore field dependent t h a n  @en, a@re e x p e c t e d  



i v  

to be  Bore @ i s f e d  b y  the c o n f l i c k i n g  c u e s ,  T h i s  h y p o t h e s i s  was 

s u b s t a n t i a t e d ,  w i t h  women p e r f o r a i n g  a s  w e l l  a s  men when 

  is leading c u e s  were a b s e n t ,  tut Bore p o o r l y  t h a n  t h e  men when 

there were f a f se  c u e s  present, 

S i n c e  t h e  p a p e r  a n d  p a a c i l  s t u d y  s u g g e s t e d  t h a t  field 

effects were a f f e c t i n g  g e r f o r s a n c e ,  i t  Eias d e c i d e d  to  l o o k  

d i r e c t l y  a t  what f o l e  these sight p l a y  i n  a t y p i c a l  

c o n s e r v a t i o n  of h o r i z o n t a l i t y  paradigm, b u t  o n e  where s u b j e c t s  

a re  s p e c i f i c a l l y  i n s t r u c t e d  t o  set t h e  water l i n e  t o  the 

h o r i z o n t a l ,  A Thomas f7975) t y p e  of a p p a r a t n s  fats used,  It 

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

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

s t u d e n t s  { E x p e r i a e n t  2 )  were g i v e n  a series of b o t t l e  

o r i e n t a t i o n s  fo r  v h i c k  t h e y  were s p e c i f i c a l l y  i n s t r u c t e d  t o  set 

t h e  l i n e  { r e d - w h i t e  b o u n d a r y )  t o  t b e  h o r i z o x i t a f  p o s i t i o n ,  

After this h a l f  of t h e  s u b j e c t s  sere g i v e n  a  series of trials 

w i t h  a r o d  a n d  frame a p p a r a t u s ,  A s  e x p e c t e d ,  o b l i q u e  b o t t l e  

o r i e n t a t i o n s  %ere f o u n d  to b e  morE d i f f i c u l t  t h a n  t h o s e  which 

were v e r t i c a l  or  h o r i z o n t a l ,  e s p e c i a l l y  b y  wonten, The mst 

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

o b l i q u e  b o t t l e  o r i e n t a t i o n s  was h i g h l y  c o r f e l a t e d  wi th  

p e r f  o rmance  on  t h e  rod a n d  f r a m e  test, 

I 
T h e s e  s t u d i e s  a r g u e  a g a i a s t  Thomas3s (1973) c o n t e n t i o n  



t h a t  t h e  sex d i f f e r e n c e  i n  performance on c o n s e r v a t i o n  of 

h o r i z o r n t a l i t y  is s o l e l y  due t o  a c o n c e p t u a l  d e f i c i t  i n  women, 

The d a t a  presented here s u ~ p c r t  t h e  s u g g e s t i o n s  of r e s e a r c h e r s  

s u c h  a s  Perper and C h a s e  11974) and Hartis 11975) t h a t  t a s k s  

generally u s e d  to s t u d y  c o n s e r v a t i o n  of h o r i z o n t a l i t y  i n v o l v e  

perceptual c o a p o n e n t s  r e l a t e d  to v i s u o - s p a t i a l  s k i l l s  s u c h  as  

those i n ~ o l v e d  i n  field d e p e n d e n c e i n b e p e n d e ~ c e ~  



I w i s h  t o  t h a n k  D r ,  E l i n o r  A x e s  f o r  n u E e r o u s  suggestions vhich 

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

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

l i k e  tc e x p r e s s  my g r a t i t u d e  t o  Br, P r a n s  B a n f a k e r v e l d  for 

fo r  technical assistance a n d  to fls P a t  BcAdie  for t y p i n g  the 

manuscript. And last b u t  by no means  l e a s t ,  t h a n k s  t o  al l .  t h e  

g r a d u a t e  students uho h e l p ~ d  Be, b o t h  f o r t a a f l y  and informally, 

i n  L i p p i n g  &any a bottle, 
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P i a g e t  and  Znhefder (1 9%) h a v e  shown t h a t  cfi 

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

d e f i c i e n t  i n  %he u t i f i z a t i o a  cf a n  e x t e r n a l  f r a m e  of f e f o r e n c e  

based upon a  C a r t e s i a n  c a o r d i n a t e  s y s t e s  w i t h  E u c l i d i a n  

p r o p e r t i e s ,  I n  t h e  c Z a s s i c a l  test f o r  c o r a s e r v a t i o n  o r  

r e p r e s e n t a t i o n  of h o r i z o n t a l i t y ,  t h e  c h i l d  is sAovn a p a r t i a l l y  

f i l l e d  b o t t l e  af water, H e  is t h e n  a s k e d  to  p r e d i c t  t h e  

p o s i t i o n  of t h e  water % h e n  t h e  b o t t l e  i s  t i l t e d  t o  v a r i o u s  

~ r i e n t a t i o n s ,  P i a g e t  and Xnhelder h y p o t h e s i z e  t h a t  t h e  

i n a b i l i t y  of young  c h i l d r e n  t o  r e c o g n i z e  t h e  g r i n c i p l e  t h a t  

still  water r e a a i n s  i n v a r i a n t l y  h o r i z o n t a l  r e g a r d l e s s  o f  t h e  

tilt of t h e  c o n t a i n e r  is based upon a n  gt iraabi l i ty  t o  evaluate 

t h e  p e r c e p t u a l  d a t a  i n  t e rm cf t h e  o r i e n t a t i o n  of l i n e s  a n d  

p l a n e s w  (p,39U), The a c q u i s i t i o n  o f  e f f e c t i v e  c o n c e p t u a l i z a t i o n  

of t h e  e n t i r e  s p a t i a l  e n v i r c n ~ e n t  i n  terss of a E u c l i d e a n  

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

f o r ~ a l  o p e r a t i o n s ,  A c h i l d  of f o u r  or f i v e  y e a r s  o f  a g e  d o e s  

n o t  a s  yet a b s t r a c t  f i n e s  and p l a n e s  f r a ~  h i s  s p a t i a l  f i e l d ,  

Two o r  t h r e e  y e a r s  l a t e r  h e  b e g i n s  t o  d e f i n e  s p a t i a l  r e l a t i o n s  

i n  &erras of E u c l i d e a n  r e l a t i a n s h i p s  b u t  still  f a i l s  t o  p r e d i c t  

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

u t i l i z e  a f r a r a e  of  r e f e r e n c e  ~ x t e r n a l  t o  t h e  c o n t a i n e r ,  

A l t h o u g h  mang c h i l d r e n  a t  t h i s  s t a g e  see& t o  r e c o g n i z e  t h a t  t h e  



sa ter  l i n e  stays c o n s t a n t ,  t h e y  see i t  a s  c o n s t a n t  not i n  

t o  a n  e x t e r n a l  frame of r e f e r e n c e  b u t  i n  r e l a t i o n  t o  

%he c o n t a i n e r .  T h u s  a t y p i c a l  r e s p o n s e  a t  t h i s  s t a g e  is t o  

show t h e  water a s  b e i n g  p a r a l l e l  t o  t h e  bottom of t h e  

c o n t a i n e r .  O n l y  when t h e  c h i l d  b e g i n s  t o  a n a l y z e  t h e  

p e r c e p t u a l  d a t a  i n  terms o f  a n  e x t e r n a l  f r a ~ e  af r e f e r e n c e  is 

c o n s e r v a t i o n  of h o r i z o n t a l i  t y  possible, 

A l t h o u g h  P i a g e k  a n d  X n H e l d e r * s  t h e o r y  s u g g e s t s  t h a t  the 

s p a t i a l  c o n c e p t s  r e q u i r e d  f o r  h o r i z c a t a l i t y  should be f i r d y  

e s t a b l i s h e d  by  l a t e  c h i l d h c a d ,  r e c e n t  r e s e a r c h  L i t e r a t u r e  

s u g g e s t s  t h a t  many c o l l e g e  a g e  s n h j e c k s  s e a @  t o  have d i f f i c u l t y  

w i t h  t h e  c o n s e r v a t i o n  o f  h x ; r r i z o n t a l i t p ,  I n  one of the f i r s t  

s t u d i e s  s h o w i n g  t h i s  p u z z l i n g  r e s u l t ,  Bebelslcy 43964) p r e s e n t e d  

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

u n d e r g r a d u a t e  p s y c h o 2 o g y  s t u d e n t s ,  S u b j e c t s  were r e q u i r e d  t o  

i n d i c a t e  how t h e  s u r f a c e  of t k e  w a t e r  would loak i f  t h e  b o t t l e s  

were t i l t e d  30 a n d  5 0  d e g r e e s  f rom t h e  v e r t i c a l ,  The  r e s u l t s  

showed t h a t  a s u r p r i s i n g l y  h i g h  n u ~ b e r  of s t u d e n t s  (65%) ~aade 

errors of B o r e  t h a n  f i v e  d e g r e e s ,  I n  a d d i t i o n ,  a l t h o u g h  t h e  

d e g r e e  s f  tilt uas uct f o u n d  to b e  s i g n i f i c a n t  i n  t h e  a v e r a l l  

s a ~ p l e ,  f e ~ a f e s  made s i g n i f i c a n t l y  more e r r o r s  t h a n  ~ a P e s  on 

t h e  6 0  d e g r e e  b o t t l e  tilts, A l t h o u g h  t h i s  g o s s i b l e  sex 

d i f f e r e n c e  Mas not a i s c u s s e d  k y  R e b e l s k y ,  d i f f e r e n c e s  between 

t h e  p e r f o r m i n c e  o f  men a n d  women became o n e  o f  t h e  g r i m a r y  



areas o f  f o c u s  i n  f u t u r e  r e s e a r c h  on c o n s e r v a t i o n  of  

h o r i z o n t a l i t y ,  

R e b e l s k y ' s  c o n t e n t i o n  t h a t  a d u l t s  see@ t o  have d i f f i c u l t y ,  

s u c h  a s  c h i l d r e n  do, w i t h  t h e  c o n c e p t  o f  h o r i z o n t a l i t y  was 

~ h a l l e n g e d  i n  a later s t u d y  c a r r i e d  out b y  B a r n a  and  O t C o n n e l l  

(1967)- U s i n g  a s i ~ i l a r  p r o c e d u r e  t o  t h a t  cf R e b e l s k y  t h e y  

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

y e a r s ,  nine t o  t e n  years, a n d  c c l l e g e  f r e s h a a n ,  B a r n a  a n d  

~ * c o n n e l l  r e p o r t e d ,  i n  c o n t r a s t  t o  B e b e l s k y ,  t h a t  t h e  r e s p o n s e s  

of c o l l e g e  a g e  s u b j e c t s  #ere n o t  a t  a l l  s i a i l a r  t o  t h e  

r e s p o n s e s  ~ a d e  by young c h i l d r e n ,  T h e i r  c o n c l u s i o n  was t h a t  

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

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

c o n c e p t  a d e q u a t e l y .  Y e t  i f  crre l o o k s  a t  t h e  raw a a t a  faeans 

r e p o r t e d  by B a r n a  a n d  O t C o n a e f l ,  t h e  f i s ~ n e s s  o f  t h e i r  

c o n c l u s i o n  is q u e s t i o n a b l e ,  The a v e r a g e  e r r o r  o f  the college 

s a m p l e  on b o t t l e s  t i l t e d  a t  6Ct d e g r e e s  was 10-1 d e g r e e s ,  

A l t h o u g h  t h i s  is s i g n i f i c a n t l r  less t h a n  t h a t  of the ~ h i l d r e n  

{ E r r o r  trtean=56,8 d e g r e e s ) ,  it is s t i l l  a  s u b s t a n k i a l  e r r o r ,  o n e  

t h a t  would n o t  b e  e x p e c t e d  i f  s u b - j e c t s  u n d e r s t o o d  t h e  p r i n c i p l e  

of h o r i z o n t a l i t y ,  fn a d d i t i o n ,  c o l l e g e  a g e  s u b j e c t s  a s  well as  

c h i l d r e n  f o u n d  t h e  60 degree  bottle o r i e n t a t i o n  s i g a i f i c a n t i y  

Bore d i f f i c u f t  t h a n  t h e  3 0  d e g r e e  o r i e n t a t i o n ,  In l i g h t  af 

PebefskyJs f i n d i n g  t h a t  uoaen h a v e  a  g r e a t e r  d i f f i c u l t y  t h a n  



88a gith t h e  60 d e g r e e  b o t t l e  tilt, i t  i s  r e g r e t t a b l e  t h a t  

~ a r n a  a n d  O t C o n n e l f  g a v e  no i n f o r m a t i o n  a b o u t  p o s s i b l e  sex 

d i f f e r e n c e s -  

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

s u b j e c t s  was c a r r i e d  o u t  by Mcrris (197 1 ) -  T h e o r e t i c a l l  y t h i s  

gas a n  i m p o r t a n t  s t u d y  b e c a u s e  f o r  the f i r s t  t i a e  it was 

h y p o t h e s i z e d  t h a t  a s ex  d i f f e r e n c e  would b e  f o m d  a n d  a 

possible e x p l a n a t i o n  was o f f e r e d ,  &orris t h e o r i z e d  t h a t  women 

p e r f o r m  more p o o r l y  i n  c c n s e f v a t i o n  o f  h o r i z o n t a l i t y  with 

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

d e p e n d e n t  t h a n  aen. As a result o f  t h i s  h e  h y p o t h e s i z e d  t h a t  

i f  a n  a d d i t i o n a l  c u e  c o n d i t i o r :  was employed  (a h o r i z o n t a l  l i n e  

d rawn a few i n c h e s  below t h e  t i l t e d  c o a t a i n e r s )  , women would 

r e l y  Bore h e a v i l y  upon t h i s  cue a n d  w i t h  t h i s  a i d  i ~ p r o v e  t h e i r  

p e r f o r n i a n c e ,  T h i s  would show up i n  t h e  d a t a  a n a l y s i s  a s  a sex 

by c u e  i n t e r a c t i o n  w i t h  t h e  p ~ r f o r ~ a n c e  of u o a e n  b u t  n o t  Ben 

c h a n g i n g  a s  a f u n c t i o n  of p r e e e n c e  v e r s u s  n o n - p r e s e n c e  o• ’  t h e  

a d d i t i o n a l  cue,  

B e s u f t s  showed t h a t  as expected uoHen sade greater e r r o r s  

t h a n  ma, Also, a s  s u g g e s t e d  by  t h e  da ta  of B a r n a  a n d  

O t C o n n e l f ,  subjects f o u n d  60  d e g r e e  o r i e n t a t i o n s  Bore d i f f i c u l t  

t h a n  t h e  30  d e g r e e  tilts, T h e  sex b y  c u e  i n t e r a c t i o n  n e v e r  

a a t e r i a l i z e d  a n d  A o r r i s  c o n c l u d e d  t h a t  t h e  "field d e p e n d e n c y  



5 

hypothesis was n o t  s u b s t a n t i a t e d * *  (p .  827) - B u t  t h e  r e s u l  ts a re  

not r e a l l y  that u n e x p e c t e d  e v e n  i f  we d o  a s s u m  t h a t  f i e l d  

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

d i f f e r e n c e  p r e s e n t -  The  e x p e r i m e n t  was c a r r i e d  o u t  i n  a well 

iit e n v i r o n i a e n t  w i t h  n u n e r o u s  s a l i e n t  h c r i z c n t a f  c u e s  s u c h  a s  

t a b l e s  a n d  f l o o r ,  X f  a s u b j e c t  was n o t  e f f e c t i v e l y  u t i l i z i n g  

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

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

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

T h e  r e s e a h c h  t h a t  s e r v e d  t o  g e n e r a t e  a  great d e a l  o f  

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

c o n s e r v a t i o n  o f  h o r i z o n t a f i t y  was r e p o r t e d  i n  a series o f  

c o a p r e h e n s i v e  articles by H, T h o ~ a s  f 4973, ?974,9375),  T h o a a s  

d e v e f  o p e d  a n  i n g e n i o u s  a p p a r a  tus 40 s t t l d y  h o r i z o n t a l i t  y= It 

c o n s i s t e d  of two r o t a t a b l e  b o t t l e s ,  One was h a l f  full o f  water 

a n d  was c a l l e d  t h e  *model ,*  w h i l e  the o t h e r  c a l l e d  t h e  p r e t e n d  

b o t t l e *  aas e ~ p t y  b u t  c o n t a i n ~ d  a n  a d j u s k a b f e  *&ock* w a t e r  

l i n e ,  I n  t h e  a c t u a l  t e s t i n g  s e s s i o n s  b o t h  battles sere 

p o s i t i o n e d  t o  the saBe o r i e n t a t i o n  and s u b j e c t s  %ere r e q u i r e d  

t o  p r e d i c t  the p o s i t i o n  of tfif sater i n  t h e  ~ o d e l ,  (which was 

c o v e r e d )  by a d j u s t i n g  t h e  aock w a t e r  l i n e  i n  t h e  p r e t e n d  

b o t t l e ,  

In a series of d e v e l o p e n t a l  s t u d i e s  with s u b j e c t s  r a n g i n g  



6 

f r o @  n u r s e r y  s c h o o l  t h r o u g h  t c  c o l l e g e  age ,  Thomas a n d  j a a i s a n  

41975) r e p o r t e d  n o r m a t i v e  d e v e l o ~ ~ e n t a l  d a t a  u h i c h  f e d  tbea t o  

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

t h e  s u r f a c e  o f  still water r e ~ a i n s  i n v a r i a n t 1 7  h o r i z o n t a l ,  The 

most  c o n t r o v e r s a l  a s p e c t  of T h a m a s i s  r e s e a r c h  was h i s  

c o n t e n t i o n  t h a t  t h i s  l a g  is s c  g r e a t  t h a t ,  w h e r e a s  t h e  ~ a j o r i t y  

of boys had  a f i r@ g f a s p  of t h i s  p r i n c i p l e  b y  t h e  s e v e n t h  o r  

e i g h t h  g r a d e ,  "50% of c o l l e g e  worsen s t i l l  do n o t  know t h e  

p r i n c i p l e  a n d  they d o n ' t  r e a d i l y  l e a r n  it  i n  t a s k s  d e s i g n e d  t o  

o p t i a i z e  s e l f  d i s c o v e r y m  (Thogas ,  1973, p- 773) -  The 

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

sale s u b j e c t s  f o l l o w s  quite we11 f r o m  p r e d i c t i o n s  ~ a d e  by 

P i a g e f ,  a n d  I n h e l d e r ,  T h e  p e r f o r m a n c e  o f  t h e  fentales csn t h e  

o t h e r  hand is q u i t e  i n c o ~ ~ a t i b l e  w i t h  P i a g e t i a n  t h e o r y ,  A t  

t h i s  p o i n t  i t  is i m p o r t a n t  to r e a l i z e  t w o  i ~ p o r t a n t  

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

d e v e l o p m e n t  of  h o r i z o a t a l i t p  i n  c h i l d r e n :  1. There is ao 

i n d i c a t i o n  i n  t h e  d a t a  s e p o r t e d  b y  P i a g e t  a n d  I n h e f d e r  t h a t  a n y  

of t h e i r  s u b j e c t s  were g i r l s ;  2, A l t h o u g h  t h e r e  h a v e  b e e n  

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

of c o n s e r v a t i o n  o f  h o r i z o n t a l i t y  ( S ~ e d s l u n d ,  1963; B e i l i a ,  

Kagan, 8 R a b i n o ~ i t z ,  1966; B a r n a  G OsCanneZl ,  4967; F o r d ,  

l97O), p r e v i o u s  t o  T h o @ a s i s  r e s e a r c h  t h e r e  was no  s u g g e s t i o n  

t h a t  g i r l s  a n d  b o y s  d i E f e r  i n  t h e i r  acquisition of 

h o r i z o n t a l  i t y ,  Whether  t h i s  f a i l u r e  t o  repart sex d i f f e r e n c e s  



[ reflects e i t h e r  n o  s u c h  f i n d i n g  i n  t h e s e  d e v a f o ~ ~ e n t a l  s t u d i ? ~ ,  

or r e s u l t s  from a p o o l i n g  o f  t h e  male a n d  • ’ @ @ a l e  s a m p l e s  i n  the 

data a n a l y s i s ,  is n o t  known, 

T h o r a a s * ~  conclusion t h a t  c o l l e g e  women p e r f o r m  p o o r l y  i n  

h o r i z o n t a l i t y  b e c a u s e  of a c c n c e p t u a l  def i c i t  s e e a s  t o  b e  

l a r g e l y  b a s e d  upon t h r e e  f i n d i n g s ,  F i r s t ,  % h e n  the rea l  v a t e r  

in t h e  model was v i s i b l e ,  subjects ~ a d e  c o r r e c t  w a t e r  L i n e  

a d j u s t m e n t s  i n  t h e  p r e t e n d  b o t t l e ,  S e c o n d ,  vhen s u b j e c t s  were 

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

b o t t l e  t a s k ,  t h o s e  uho p e r f ~ s ~ e d  p o o r l y  were n o t  ab le  t o  

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

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

a l t h o u g h  t h e  water gas l e v e l  ahen t h e  c o n t a i n e r  was u p r i g h t ,  

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

an o b l i q u e  p o s i t i o n ,  T h i r d ,  subjects who p e r f o r a e d  p o o r l y ,  i f  

g i v e n  t r a i n i n g  d e s i g n e d  t o  e l i c i t  t h e  d i s c o v e r y  of t h e  c o r r e c t  

p r i n c i p l e ,  b e n e f i t e d  v e r y  l i t t l e  f rom t h i s  t r a i n i n g ,  T h i s  

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

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

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

is  what  would be p r e d i c t e d  Cy P i a g e t  a n d  X n h e f d e r  a s  s e l l  a s  b y  

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

c h i l d r e n  ( S a e d s l u n d ,  1963 a n d  B s i l i n  et al, 1966)- 



?I l o g i c a l l y  fo l lous  from h i s  d a t a  i t  is d i f f i c u l t  t o  a c c e p t ,  

1 ~ t u i t i v e 3 . y  i t  seew h a r d  t o  u n d e r s t a n d  haw a c o l l e g e  a g e  
E 
t s u b j e c t ,  p r o b a b l y  i n  t h e  u p p e r  p o r t i o n  cf t h e  IQ d i s t r i b u t i o n ,  

h a v i n g  h a d  h i g h  schoo l .  s c i e n c e  c o u r s e s  a n d  h a v i n g  had @any 

p e a r s  of e x p e r i e n c e  p e r c e i s i n g  t h e  i n v a r i a n c e  of water l e v e l s  

1 across d i v e r s e  s i t u a t i o n s ,  could p o s s i b l y  n o t  u n d e r s t a n d  t h e  
i 
! 
i p r i n c i p l e  t h a t  s t i l l  u a t e r  r e m i n s  i n v a r i a n t f y  l e v e l  r e q a r d l e s s  
i 
I 
1. of c o n t a i n e r  a r i e n t a  t i o n ,  
I 

It was n o t  l o n g  b e f o r e  a l t e r n a t e  e x p l a n a t i o n s  sere 

offered, B i l l e m s e n  a n d  R e y n o l d s  f l Q 7 3 f  u s i n g  a s imi la r  

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

a d u l t s *  j u d g e ~ e n t s  of h o r i z o s t a l i t y  a s  a f u n c t i o n  of c o n t a i n e r  

s h a p e ,  Tbeg  h y p o t h e s i z e d  t h a t  t h e  r e a s o n  women p e r f o r ~ e d  

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

t e n d e n c y  o f  vomen t o  be i n f l u e n c e d  by  s t r a i g h t - l i n e  

c h a z a c t e r i s t i c s  of t h e  c o n t a i n e r s  u s e d  i n  p r e v i o u s  r e s e a r c h ,  

W i l l e m s e n  a n d  R e y n o l d s  p r e s e n t e d  t o  c o l l e g e  a g e  s u b j e c t s  

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

c h a r a c t e r i s t i c s ,  T h e  r e s u l t s  s h o v e d  t h a t  when s u b j e c t s  were 

a s k e d  t o  p r e d i c t  t h a  water f e o e l  i n  a  c i r c n l a r  c o n t a i n e r ,  a s  

opposed t o  a c y l i n d r i c a l  s h a ~ f o o  Bottle, t h e  d i f f e r e a c e  be tween  

t h e  e r r o r  s c o s e s  of men and scaen was g r e a t l y  r e d u c e d ,  I n  f ac t  

v i t h  t h e  c i r c u l a r  c o n t a i n e r  t t e re  were n o  s i g n i f i c a n t  sex 



d i f f e r e n c e s  p r e s e n t ,  

A s i m i l a r  i n t e r p r e t a t i o n  t o  t h a t  o f  W i l l e m s e n  and R e y n o l d s  

was o f f e r e d  by P e r p e r  a n d  Chase  11974) i n  t h e i s  s c a t h i n g  a t t a c k  

upon t h e  n te thodology u s e d  b y  Phcaas .  P e r p e r  a n d  Chase s t r e s s e d  

t h e  p e r c e p t u a l  d i f f i c u l t i e s  s u b j e c t s  a r e  c o n • ’  ronted v i t h  uhen 

p r e s e n t e d  w i t h  Ti-io@asts a p p a r a t u s ,  F i r s t ,  i f  s u b j e c t s  were n o t  

seated a t  e y e - l e v e l  w i t h  the v a t e r  s u r f a c e  i n  t h e  c o n t a i n e r  

(ntodef) b u t  were l o o k i n g  down upon i t ,  t h e n  t h e  s u r f a c e  of t h e  

va ter  would be s e e n  a s  an  e l f i ~ s e  w i t h  an u n d e t e r ~ i n e d  

o r i e n t a t i o n ,  Bdd t o  t h i s  the f a c t  t h a t  t h e  leodel  a n d  t h e  

p r e t e n d  b o t t l e  a r e  p e r c e p t u a l  f y  q u i t e  d i f f e r e n t  gthe  water i n  

the model  is a n  a r r a y  of t h r e e  d i m n s i o n a f  a a g f e s ,  etc, w h i l e  

the mock v a t e r  l i n e  i n  t h e  p r e t e n d  b o t t l e  is a o n e  d i m e n s i o n a l  

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

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

s u b j e c t s  who d o  n o t  seem t o  u n d e r s t a n d  c o n s e r v a t i c n  of 

h o r i z o n t a l i t y  is q u e s t i o n a b l e -  S e c o n d ,  a s  s u g g e s t e d  by t h e  

r e s e a r c h  o f  ~ i l l e g s e n  a n d  B e y n o l d s ,  t h e  g e f c e p t u a l  q u a l i t i e s  of 

t h e  c o n s e r v a t i o n  t a s k  sees t o  b e  a n a l o g o u s  t o  t h e  p h e n o ~ e a a n  of 

field depenae t sce - independf  nce ( s i t k i n  e t  a l ,  '3954) - f n t y p i c a l  

R e a s u r e s  d e v e l o p e d  b y  R i t k i a  to s t u d y  field d e p e n d e n c e ,  t h e  

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

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

frame T e s t ,  RBT) o r  t o  s e p a r a t e  a n  item which is e ~ b e d d e d  i n  a 



c o n t e x t  [Embedded F i g u r e s  T e s t ,  EFT), T h e  demands  
I 

p l a c e d  upon s u b j e c t s  by b o t h  cf t h e s e  tes ts  seem t o  be  r e l a t e d  

to t h e  c o n s e r v a t i c n  of h o r i z c n t a f  i t y ,  v h i c h  r e q u i r e s  t h e  

subject  t o  d i s e ~ b e d  t h e  h c r i z c n t a f  p o s i t i o n  of t h e  H a t e r  l i n e  

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

s i n c e  women t r a d i t i o n a l l y  h a v e  beea f o u n d  t c  be  B o r e  f i e l d  

d e p e n d e n t  t h a n  men { B i t k i n ,  74731, t h i s  f i e l d - d e p e n d e n c y  

i n t e r p r e t a t i o n  is c o n s i s t e n t  w i t h  the f a c t  t h a t  no s e x  

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

h o r i z o n t a l  o r  v e r t i c a l  p o s i t i c n s  (Thonaas, 1973; H i l l e m s e n  G 

a e y n o l d s ,  19733, or vhen t h e  s t r a i g h t  f i n e  c h a r a c t e r i s t i c s  of 

t h e  c o n t a i n e r s  a re  min i i a ized  fWi l femsen  E R e y n o l d s ,  1973) -  

B a t i o n a l e  for  the P r e s e n t  B e s ~ a r c h .  

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

d e p e n d e n c e  Bay b e  i a v o l v e d  i n  c o n s e r  v a t i o n  cf h a r i z o n t a l i t y  

tasks, t h e  p r e s e n t  research was d e s i g n e d  t o  tes t  t h e  h y p o t h e s e s  

t h a t  a )  f i e l d  e f f e c t s  a f f e c t  ~ e r f o r m a n c r ?  on t h e s e  t a s k s ,  a n d  

t h a t  b) t h e s e  effects Bay a c c o u n t  f o r  a s i g r a i f  i can t  p o r t i o n  of 

I h e  d i s c r e p a n c y  f o u n d  between @ale aad f e i a a f e  p e r f a r ~ a n c e  on 

h o z i z o n t a l i t y  t a s k s ,  A l t h o u g h  i d e a l l y  this v o u f d  b e s t  be 

a c h i e v e d  with a n  a p p a r a t u s  s i ~ i l a r  t o  t h a t  u s e d  by Thomas, i t  

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

d u r i n g  t h e  s u b s t a n t i a l  amount  of time r e q u i r e d  t o  b u i l d  t h e  

a p p a r a t u s -  



E X P E R I B E W ? S  l a  a n d  Ib ,  

E x p e r i m e n t s  la a n d  I b  were p a p e r  a n d  p e n c i l  s t u d i e s  

~ t i l i z i n g  a Cue-No Cue v a r i a b l e  a s  t h e  ~ e t h o d  b y  ~ h i c h  f i e l d  

c o u l d  b e  m a n i p u l a t e d ,  Whi le  s u b j e c t s  i n  t h e  Cue 

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

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

l o o k  l i k e ,  s u b j e c t s  i n  t h e  No Cue c o n d i t i o n  r e c e i v e d  d r a w i n g s  

w i t h  no w a t e r  l e v e l s  d r a w n  i n ,  The  l o g i c  o f  t h i s  p r o ~ e d u r e  

f o l l o w s  from a a  e f f o r t  t o  ~ a k e  t h e  p a p e r  a n d  p e n c i l  Cue 

c o n d i t i o n  as  s i n i l a r  a s  p o s s i k l e  t o  Thomas 's  me thodo logy ,  

r e c o g n i z i n g  c e r t a i n  p a r a l l e l s  b e t w e e n  t h e  W i t k i n  (RFT) a n d  

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

upon s u b j e c t s ,  I n  b o t h  t y p e s  cf research t h e  subject is 

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

i n c o r r e c t  one ,  W i t k i a  i n  h i s  EFT r e s e a r c h  b e g i n s  e a c h  t r i a l  

with b o t h  t h e  rod and t h e  f r a s e  set t o  s o i m  o b l i q u e  p o s i t i o n l  

S i e i l a r l y ,  Thomas b e g i n s  e a c h  h c r i z o n t a l i t y  t r i a l  w i t h  b o t h  t h e  

b o t t l e  a n d  t h e  m c k  water linf a t  v a r i o u s  d e g r e e s  o f  tilt, 

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

t h a t  m e a s u r e  field d e p e n d e n c e  a n d  t h o s e  t h a t  m a s u r e  

c o n s e r v a t i o n  o f  h o r i z o n t a l t i y ,  i t  was e x p e c t e d  t h a t  !#oaienr 

b e i n g  B o r e  f i e l d  d e p e n d e n t  t h a n  Ben, would be B o r e    is led by  

t h e  p r e s e n c e  o f  c o n f l i c t i n g  cues t h a n  would t h e  men- 



EXPE5IHENT la, 

Method 

T h e  s u b j e c t s  were 25 m a l e  a n d  22 f e r a a l e  s e n i o r  h i g h  s c h o o l  

s t u d e n t s  ( g r a d e s  1 1  a n d  12) e n r o l l e d  a t  C a r s o n  Grabam h i g h  

s c h o o l *  T h e i r  a v e r a g e  a g e  was 16-5  y e a r s ,  S a ~ ~ f e d  were two 

g r a d e  11 a n d  t # o  g r a d e  12 E n g l i s h  classes, S i n c e  E n g l i s h  a t  

t h i s  s c h o o l  was a c o m p u l s o r y  subject for  s t u d e n t s  g l a n n i n q  t o  

enter a c o l l e g e  o r  u n i v e r s i t y ,  i t  %as f e l t  t h a t  these c l a s s e s  

would p r o v i d e  a  more  o r  less  random s a m p l e  of t h e  u p p e r  l e v e l s  

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

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

r e p r e s e n t i n g  b o t t l e s  a-t v a r i o u s  d e g r e e s  o f  tilt, Each b o o k l e t  

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

f o l l o w i n g  n u m e r a l  c l o c k  p o s i t i c n s :  I, 2,  4 ,  5, 7, 8, 10, a n d  11 

o t c l o c k ,  There was o n e  10 x 4 c m  drawing per p a g e  ( s e s  Append ix  

A ) ,  F o r  each b o o k l e t  t h e  ~ r d f r  o f  t h e  v a r i o u s  b o t t l e  

o r i e n t a t i o n s  was r a n d o m i z e d ,  T h e  f i rst  p a g e  o f  e a c h  b o o k l e t  



# s t r a i g h t  up" (90 d e g r e e s  t o  the bottortr o f  t h e  p a g e ) ,  fn 

a d d i t i o n ,  t h e  f o P l o v i n g  i n s t r u c t i o n s  were g i v e n  o a  t h e  f irst  
f 

p a g e  o f  b o o k l e t s  f e p r e s e n t i n g  t h e  No C u e  (QO) @ x p e r i m e n t a f  

c o n d i t i o n :  

f S k a r t i n g  o n  t h e  n e x t  page,  t h i s  b o t t l e  is t i p p e d  i n  a 
t 

number o f  d i f f e r e n t  ways, B o u l d  you p l e a s e  p r e d i c t  where  

you  t h i n k  t h e  water would  be by d r a w i n g  i n  t h e  w a t e r  l i n e  

f o r  e a c h  b o t t l e ,  

B o o k l e t s  f o r  t h e  C u e  fQ33x60)  c o n d i t i o n  were c o n s t r u c t e d  

I i n  a similar f a s h i o n  e x c e p t  t h a t  each b o t t l e  a l s o  c o n t a i n e d  a 

d rawn i n  s f a l s e 9 a k e r  l i n e ,  T h e s e  water l i n e s  were f a l s e  i n  

t h a t  they m i s r e p r e s e n t e d  where  the w a t e r  vould b e ,  if i n  

reality a  h a l f  full b a t t l e  of water gas t i l k e d  t o  t h e  v a r i o u s  

a n g l e s ,  B o t t l e s  a t  3 ,  4 ,  7, a n d  10 n u a e r a f  c l o c k  p a s i t i o a s  

- c o n t a i n e d  water l i n e s  d e a i a t i c g  by 33 d e g r e e s  f r o @  the carrect 

s o l u t i o n  ( h o r i z o n t a l  a s  d e t e r ~ i n e d  b y  t h e  b o t t o m  of t h e  p a g e ) .  

while t h o s e  a t  2, 5, 8, and 3 1  0 3 c f o c k  p o s i t i o n s  c o n t a i n e d  

water l i n e s  d e v i a t i n g  by 50 degrees ,  S u b j e c t s  i n  t h i s  

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

t h e i r  first page:  

S t a r t i n g  on  t h e  n e x t  page t h i s  b o t t l e  is t i p p e d  i n  a 

nnmber o f  d i f f e r e n t  ways, F o r  each b o t t l e  t h e  water l i n e  

is drawn i n .  



1,) If y o u  a g r e e  w i t h  w h e r e  the water l i n e  i s  d r a w n ,  p u t  a 

c h e c k  ina rk  ( J )  b e s i d e  i t  a n d  y o  o n t o  t h e  n e x t  page, 

2.) I f  y o u  d i s a g r e e  w i t h  w h e r e  t h e  w a t e r  l i n e  i s  d r a w n ,  

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

water l i n e ,  

I n  a d d i t i o n ,  a l l  s u b j e c t s  were r e q u i r e d  t o  g i v e  t h e i r  ssx 

a n d  g r a d e  a t  t h e  b e q i n n i n g  o f  t h e  b o o k l e t ,  

T h e  b o o k l e t s  were d i s t r i k u t e d  i n  f o u r  o n e  h o u r  * U n i v e r s i t y  

E n t r a n c e *  E n g l i s h  c l asses ,  A f t e r  b e i n g  i n t r o d u c e d  t o  t h e  

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

S i n c e  t h e r e  was  n o  way o i  k n o c i n g  t h e  number  of  s t u d e n t s  that 

would b e  i n  a t t e n d a n c e  i n  e a c h  c l a s s r o o m ,  t h e  b o o k l e t s  were 

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

I n  t h i s  way i t  was h o p e d  t h a t ,  i n  a d d i t i o n  t o  r andom a s s i g n m e n t  

o f  s u b j e c t s ,  e a c h  of t h e  e x ~ e r i m e n t a l  c o n d i t i o n s  wou ld  r e s u l t  

i n  c o m p a r a b l e  n u m b e r s  o f  s u b j e c t s ,  

R e s u l t s  

The d a t a  were s c o r e d  b y  e x t e n d i n g  e a c h  s u b j e c t ' s  r e s p o n s e  

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



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

page- E r r o r s  were m e a s u r e d  i n  terms of a b s o l u t e  d e g r e e s  of 

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

d e g r e e s  t o  9 0  d e g r e e s -  T h e s e  d a t a  were t r a n s f o r m e d  b y  t h e  
1 

l o g a r i t h m  of t h e  s c o r e  p l u s  c n e  ( y t = l o g  (y+l)) . T h e  p u r p o s e  of 

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

t r e a t m e n t  m e a n s  a n d  s t a n d a r d  d e v i a t i o n s  ( f i y e r s ,  1972). S i n c e  

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

c o m b i n a t i o n s  it was n o t  f e a s a b l e  t o  a n a l y z e  a l l  t h e  d a t a  

g a t h e r e d .  T h u s  12 s u b j e c t s  ( f o u r  s u b j e c t s  f r o m  e a c h  o f  t h e  

t h r e e  ' o v e r s i z e d '  b e t w e e n - S s  c e l l s )  were r a n d o m l y  selected a n d  

not i n c l u d e d  i n  t h e  a n a l y s i s ,  An o v e r a l l  f o u r - u a y  m i x e d  

a n a l y s i s  o f  v a r i a n c e  ( 2 x 2 ~ 4 ~ 2 )  was t h e n  p e r f o r m e d  upon t h e  

t r a n s f o r m e d  s c o r e s  o f  t h e  r e m a i n i n g  36 s u b j e c t s .  T h e r e  were 

two b e t w e e n - S s  s o u r c e s :  S e x  ( X f  a n d  C u e  (Q)  , a n d  t v o  w i t h i n - S s  

f a c t o r s :  B o t t l e  o r i e n t a t i o n  [B) a n d  D i r e c t i o n  o f  tilt(H), A l l  

f o u r  f a c t o r s  were t r e a t e d  a s  f i x e d .  S i n c e  t h e  b e t w e e n - S s  

s o u r c e s  were o f  p r i m a r y  i n t e r e s t  i n  t h i s  e x p e r i m e n t ,  i t  was 

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

r e g a r d l e s s  o f  t h e  u n e q u a l  l n '  p r o b l e m .  T h u s  a n  u n w e i g h t e d  m e a n s  

1. d e a n  e r r o r s  s h o w n  i n  t a b l e s  o r  g r a p h s  were a r r i v e d  a t  by  
t a k i n q  a n t i - l o g s  o f  t h e  t r a n s f o r m e d  d a t a  means  i n  q u e s t i o n  
a n d  t h e n  s u b t r a c t i n g  o n e  ( y = e x p  (y' ) -1) .  



a , , , l y s i s  (P lyc r s ,  1 9 7 2 )  was p e r f o r m e d  u p o n  t h e  b e t w e e n - S s  

s o u r c e s .  T h e  a n a l y s i s  o f  v a r i a n c e  F t e s t s  were t h e n  a d j u s t e d  

a p p r o p r i a t e l y .  

T h e  a n a l y s i s  o f  v a r i a n c e  summary  t a b l e  is p r e s e n t e d  i n  

T a b l e  1- T h e  a n a l y s i s  r e v e a l e d  t h a t ,  a l t h o u g h  t h e  m a i n  e f f e c t s  

due t o  s e x  a n d  b o t t l e  o r i e n t a t i o n  were s i g n i f i c a n t ,  t h e y  were 

b o t h  p r e s e n t  i n  h i g h e r  o r d e r  i n t e r a c t i o n s .  B o t h  t h e  s e x  by c u e  

(XQ)  a n d  s 2 x  by b o t t l e  (XB) i n t e r a c t i o n s  were f o u n d  t o  b e  

s i g n i f i c a n t .  T h e  s e x  b y  c u e  i n t e r a c t i o n  is d i s p l a y e d  i n  F i g u r e  

1 a n d  s h o w s  t h a t  t h e  females p e r f o r m e d  m c r e  ~ o o r l y  t h a n  males 

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

c o n f l i c t i n g  c u e s  were a b s e n t .  T h e  sex b y  b o t t l e  i n t e r a c t i o n  is 
2 

p r e s e n t e d  i n  F i g u r e  2- A l t h o u g h  females made m o r e  errors t h a n  

t h e  males a t  a l l  b o t t l e  o r i e n t a t i o n s ,  t h i s  s e x  d i f f e r e n c e  was 

m a x i m i z e d  a t  t h e  f o u r  a n d  e i g h t  o ' c l o c k  b o t t l e  o r i e n t a t i o n s .  

2 . I n  t h i s  g r a p h  c l o c k  s y m m e t r i c  a n g l e s  h a v e  b e e n  p o o l e d  
t o g e t h e r  (1  1+1, 1 0 4 2 ,  etc,) , T h e  r a t i o n a l e  f o r  t h i s  p r o c e d u r e  
i s  t w o • ’  o l d :  a) P r e v i o u s  r e s e a r c h  (Thomas ,  1 9 7 5 )  h a s  s u g g e s t e d  
t h a t  d i r e c t i o n  o f  tilt is u n i m p o r t a n t ;  b ) I n  t h e  p r e s e n t  
r e s e a r c h  t h e  d i r e c t i o n  of t i l t  f a c t o r  is o n l y  s i g n i f i c a n t  i n  
t h e  f o r m  o f  a t h r e e - w a y  i n t e r a c t i o n  b e t w e e n  s e x ,  b o t t l e  
~ ~ r i e n t a t i o n  a n d  d i r e c t i o n  of tilt (F=3.35, d f = 3 / 9 6 ,  p < - 0 2 5 ,  
9'=.0595). T h i s  i n t e r a c t i o n  i s  n o t  r e a d i l y  e x p l a i n e d ,  a n d  does 

n o t  a d d  t o  t h e  e x p l a n a t o r y  F o w e r  o f  t h e  r e s u l t s .  



Table 1' 

Source  

Experiment l a  
Ana ly s i s  of  Var iance  Summary 

Variance 
e s t i m a t e  

Note A 1  t h o u g h  summary s t a t i s t i c s  f o r  the between-Ss s o u r c e s  
a r e  based upon t h e  t o t a l  number o f  48 S s ,  any s o u r c e s  
which c o n t a i n  a w i t h i n - S s  f a c t o r  a re  based  upon 3 6  Ss,  



Figure 1 

Study l a  Mean Error Scores of Males and Females as a 

Function of the Presence or Absence of False Cues 

Females 

Males 

No Cue False Cue 

CUE CONDITION 



Figure 2 

Study 1 a Mean Error Scores of Males and Females as a 

Function of Pooled Clock-Symmetric Bottle Orientations. 

Females 

BOTTLE ORIENTATION 



T h i s  s t u d y  was designed ~ s i a a r i l y  a s  a r e p l i c a t i o n  of 

e x p e r i m e n t  1 a w i t h  a n n i v e r s i  t y  p o p u l a t i o n ,  I n  a d d i t i o n ,  s i n c e  

i n  s t u d y  l a  t h e  o r i e n t a t i o n  of t h e  f a l s e  water l i n e  was 

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

t i f t ,  the p r e s e n t  e x p e r i m e n t  was d e s i g n e d  t o  a l l o w  f o r  a 

clearer a n a l y s i s  o f  t h e s e  v a r i a b l e s ,  T h i s  was a c c o a p f i s h e d  by 

t h e  a d d i t i o n  of two e x t r a  cue c o n d i t i o n s ,  which allowed the 

tift of t h e  f a l s e  water l i n e  t o  be t r e a t e d  a s  a between-% 

variable c r o s s e d  w i t h  b o t h  b o t t l e  o r i e n t a t i c n  a n d  d i r e c t i o n  of 

b o t t l e  tilt, 

S u b j e c t s  --- --- 

T h e  s u b j e c t s  wese 73 @ a l e  a n d  85 female i n t r o d u c t o r y  

p s y c h o l o g y  s t u d e n t s  e n r o l l e d  a t  S i a o n  Praser U n i v e r s i t y ,  

S u b j e c t s  received s t i ~ u l u s  b o o k l e t s  which were c o n s t r u c t e d  

i n  a s i g i l a r  f a s h i o n  t o  those u s e d  i n  s t u d y  la, Again each 

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



o r i e n t a t i o n s  {3,2,4,5,7,8,30,  a n d  11 o a c l o c k ) ,  

I n  a d d i t i o n  t o  t h e  No C U E  (80)  e x p e r i l a e a t a l ,  c o n d i t i o n  

t h e r e  were t h i s  time t h r e e  Cue c o n d i t i o n s  c c n t a i n i n g  ' f a l s e *  

u a t e r  f i n e s ,  The  Q33x40 c o n d i t i o n  was t h e  s a w  as  t h a t  used i n  

study la, B o t t l e s  a t  1, 4, 3, a n d  1 0  n u m e r a l  clock p o s i t i o n s  

c o n t a i n e d  water l i n e s  d e v i a t i n g  b y  33 d e g r e e s  f r o n  t h e  

h o r i z o n t a l ,  v h i l e  t h o s e  a t  2 ,  5, 8, and 3 1  o f c l o c k  p o s i t i o n s  

c o n t a i n e d  water l i n e s  d e v i a t i n g  b y  60  d e g r e e s ,  In t h e  Q33 

c o n d i t i o n  a l l  b o t t l e s  c o n t a i n e d  water l i n e s  d e v i a t i n g  by 33 

d e g r e e s  f ro& t h e  h o r i z o n t a l ,  while b o t t l e s  i n  t h e  Q 6 O  c o n d i t i o n  

c o n t a i n e d  water Pines d e v i a t i n g  by 60 d e g r e e s ,  The Q33 a n d  Q60 

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

analysis o f  the u a t e r  tilt f a c t o r  t h a n  %as p o s s i b l e  i n  s t u d y  

1 a, 

a l l .  s u b j e c t s  vere r e q u i r e d  t o  g i v e  t h e i r  s e x  and y e a r  o f  

s t u d y  a t  t h e  b e g i n n i n g  of the b o o k l e t ,  

P r o c e d u r e  ------- 

T h e  b o o k l e t s  were d i s t r i k u t e d  a t  t h e  b e g i n n i n g  o f  a n  

i n t r o d u c t o r y  p s y c h o l o g y  l e c t u r e ,  The l e c t u r e  d i d  not b e g i n  

u n t i l  t h e  b o o k l e t s  were c o ~ ~ f e t e d  a n d  c c l l e c t e d ,  P r i o r  t o  

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



e x p e r i ~ e n t a l  t r e a t n i e n t s  a l t e r c a t e d ,  T b i s  u a s  done i n  a n  e f f o r t  

t o  a c h i e v e  random a n d  B a l a n c e d  a s s i g n m e n t  of s u b j e c t s  among t h e  

e x p e r i m e n t a l  t r e a t m e n t s ,  

T h e  d a t a  were s c o r e d  i n  t h e  s a m e  f a s h i o n  as for s t u d y  la,  

& g a i n  a l o g a r i t h ~ i c  t r a n s f o r i n a t i o n  was p e r f o r ~ e d  upon t h e  rag 

d a t a ,  a n d  a n t i - l o g s  were used t o  a b a c k - t r a n ~ f o r m f  m a n s  

p r e s e n t e d  i n  t a b l e s  or  g r a p h s ,  T h e  t r a n s f o r a e d  scores wer5 

a n a l y z e d  w i t h  a four-way mixed a n a l y s i s  of v a r i a n c e  {2rs4xQx2). 

T h e r e  were two between-Ss f a c t o r s :  S e x { X f  a n d  C u e ( Q ) ,  and t u a  

w i t h i n - S s  f a c t o r s :  bottle o r i e n t a t i o n  4B) and d i r e c t i o n  of 

tilt f H ) ,  811 lEactoss were t r e a t e d  a s  f i x e d ,  A s  i n  Experiment 

la, s i n c e  t h e r e  sere u n e q u a l  ru rnbers  of s u b j e c t s  i n  t h e  v a r i o u s  

t r e a t m e n t  c o m b i n a t i o n s  t h i s  n r c e s s i t a t e d  t h a t  30 s u b j e c t s  b e  

r a n d o m l y  r e j e c t e d  f ro@ t h e  c c a p l e t e  a n a l y s i s -  The o v e r a l l  

a n a l y s i s  of v a r i a n c e  was  thus p e r f o r m e d  upon t h e  r e ~ a i n i n g  128 

s u b j e c t s ,  B e c a u s e  of t h e  i i r t p o r t a n c e  o f  t h e  be tween-Ss  s o u r c e s ,  

t h e  F tests f o r  t h e s e  were a g a i n  a d j u s t e d  w i t h  t h e  u n w e i g h t e d  

B e a n s  t e c h n i q u e  a n d  t h u s  re~resent t h e  t o t a l  158 s u b j e c t s ,  

The a n a l y s i s  of v a r i a n c e  sumrmry i s   resented i n  T a b l e  2, 

A s  i n  s t u d y  l a ,  t h e  ~ a i n  e f f e c t s  d u e  t o  s e x  a n d  b o t t l e  

o r i e n t a t i o n  wefe s i g n i f i c a n t ,  T h e  means  f o r  t h e s e  e f f e c t s  a re  



E x p e r i m e n t  1b 
A n a l y s i s  of Var iance  Summary  

d f  MS F Error  V a r i a n c e  
term est i lnate  

S 3 X  { X )  1  75 ,7937  
c u e  ((2) 3 3,0500 
i 3 o t t l s  o r i s n t a t i o n  ( B )  3 3 ,9570  
D i r e c t i o n  o f  tilt (Id) 1 ,201 1  
X Q  3 4,7222 
XB 3  .5157 
Q B  9 1 ,2719  
X H  1 ,1214 
Q H  3 1 , 6 0 3 3  
BH 3 1 ,9642  
S ( X Q )  1 5 0  5.1133 
XQB 9 ,7455 
X Q H  3 , 1602 
X B H  3 ,7662 
Q B H  9 1,0243 
sn ( X Q )  360 ,6870 
SH {XQ) 120  ,4970 
X Q B H  9 , 7913  
SBH (XQ) 3 6 0  ,6807 

1 ,1625 S B H  ( X Q )  

* p< ,05  
** p<,005  

*** p<.o01 
Note A l t h o u q h  summary s t a t i s t i c s  for  t h e  b e t w e e n - S s  sources 

a r e  b a s e d  u p o n  t h e  t c t a l  number  of 158 Ss, a n y  sources 
which contain a within-Ss f a c t o r  a r e  based upon 128  Ss,  
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shown i n  f i g u r e s  3 a n d  4 r e s p e c t i v e l y ,  F e ~ a l e s  made more e r r o r s  

t h a n  m a l e s  a c r o s s  a l l  c o n d i t i c n s ,  a n d  the 4 a n d  8 o a c l o c k  

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

s e x e s ,  I n  a d d i t i o n ,  t h e  two-way i n t e r a c t i o n  be tween  cue(Q)  a n d  

d i r e c t i o n  o f  t i l t ( H )  was  foun t i  t o  be s i g n i f i c a n t ,  A l t h o u g h  a n  

a t t e m p t  was made t o  e x p l a i n  t h i s  i n t e r a c t i o n  t h i s  p r o v e d  t o  be 

a very c o n f u s i n g  t a s k ,  S i n c e  t h e  r e s u l t  u a s  g u i t e  s a a f l  ( b o t h  

i n  t e r a s  o f  v a r i a n c e  a c c o u n t e d  fcr and E v a l u e )  i t  was dec ided  

t h a t  e v e n  i f  a good e x p l a n a t i c n  was p o s s i b l e  i t  wculd  n o t  a d d  

t o  t h e  e x p l a n a t o r y  p o u e r  of the o v e r a l l  a n a l y s i s .  

Even t h o u g h  i n  t h e  a n a l y s i s  of v a r i a n c e  t h e  s e x  by c u e  

i n t e r a c t i o n  was n o t  s i g n i f i c a n t ,  i n s p e c t i o n  c f  F i g u r e  3 r e v e a l s  

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

la, A s  a r e s u l t  of t h i s  t h e  d a t a  frca t h e  two s t u d i e s  sere 

p o o l e d ,  S i n c e  study l a  d i d  n c t  c o n t a i n  t h e  QJ3 o r  Q6O 

c o n d i t i o n s  t h e s e  d a t a  f r o @  s t u d y  Ib were n o t  i n c l u d e d ,  To t a k e  

i n t o  a c c o u n t  t h e  unequal  n u ~ h r s  of s u b j e c t s  i n  the d e s i g n ,  t h e  

p o o l e d  t s a n s f o m e d  d a t a  were a n a l y z e d  with a n  u n w e i g h t e d  Beans  

a n a l y s i s  ( 2 ~ 2 x 2 ) -  T h e  t h r e e  f a c t o r s  e x p e r l a e a t  ( E f  , sex (X) , a n d  

CuefQ)  were a l l  be tween-Ss  f a c t o r s  and %ere t r e a t e d  a s  f i x e d ,  

T h i s  a n a l y s i s  d i s r e g a r d s  t h e  g o s s i b b  w i t h i n - S s  sources by 

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

subject* s e i g h t  p r e d i c  t i y e  ad justmerits a s  a n  a v e r a g e  s c o r e ,  



Figure 3 

Study I b Mean Error Scores of Males and Females as a 
Function of Cue Condition 

Females 

*-----*% --+--- -4 Males 

CUE CONDITION 



Figure 4 

Study I b Mean Error Scores of Males and Females as a 
Function of Pooled Clock-Symmetric Bottle Orientations 

* Males 
eO@ 

BOTTLE ORIENTATION 
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Sable  3 

Experiment l a  and t b  
Combined  Analysis of Variance 

cif a s  E Er ror  
terfa 

Variance 
estimate 



Figure 5 

Mean Error Scores of Males and Females as a Function 
of the Presence or Absence of False Cues 

(Studies 1 a and I b pooled) 

No Cue False Cue 

CUE CONDITION 
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p e r f o r m a n c e  o n  60 d e g r e e  tilts b u t  n o t  o n  30 d e g r s e  o n e s ,  In 

e x p e r i m e n t  I b ,  t h e  s a m e  t r e n d  was i ; r e s e n t  ( F i g u r e  4), but i t  

was n o t  s i g n i f i c a n t .  

A 3  e x p e c t e d ,  b o t h  s t u d i e e  show a s i g n i f i c a n t  s e x  

d i f f e r e n c e  w i t h  fenales  p e r f o r w i n g  mere p o o r l y  t h a n  males, The 

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

t h a t  when f a l s e  water l i n e s  were n o t  i n c l u d e d ,  d i f f e r e n c e s  i n  

e r r o r  s c o r e s  be tween  males a n 6  f e m a l e s  were ~ i n i a i z e d ,  T h i s  

r e s u l t  s u g g e s t s  t h a t  t h e  f e ~ a l e s  were mre @ i s l e d  b y  t h e  

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

r e s u l t  is c o n t r a d i c t o r y  t o  H o r r i s ' s  (3971) s t u d y  w h e r e  he  

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

a n  i ~ p o r t a n t  d i f f e s e a c e  b ~ t u ~ e n  the f u n c t i c n  o f  & o r r i s * s  

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

r e s e a r c h ,  U h e r e a s  B o r r i s  a t t e ~ p t e d  t o  u s e  t h e  a d d i t i o n a l  c u e  fa 

h o r i z o n t a l  line d r a w n  be low the t i l t e d  c o n t a i n e r )  a s  an  a i d  f o r  

a  f i e l d  d e p e n d e n t  s u b j e c t ,  the p r e s e n t  e x p e r i ~ e n t s  u t i l i z e d  t h e  

a a d i t i o n a l  c u e  [ a n  o b l i q u e  lice d r a w n  w i t h i n  t h e  t i l t e d  

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

l o o k  l i k e  i n  t h e  r e a l  wor ld ,  A s  d i s c u s s e d  p r e v i o u s l y ,  t h i s  

p r o c e d u r e  was u t i l i z e d  a s  a r ~ s u l l  of c e r t a i n  p a r a l f e f s  be tween  

the W i t k i a  and  Thomas a e t b o d o l a g i ~ s  a n d  t h u s  p r o b a b l y  Sapped 

i n t o  p e r c e p t u a l  f i e l d  effects which l e a d  women t o  p e r f o r m  B o r e  

p o o r l y  t h a n  men on  t h e s e  t y p e s  of t a s k s ,  



A l t h o u g h  e x p e r i a e n t s  la and  1b r e v e a l e d  t h a t  f i e l d  e f f e c t s  

p o s s i b l y  r e l a t e d  to W i t k i n f s  c o n c e p t  cf f i e l d  

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

task, T h o a a s  and  J a a i s o n  (1974,l!IlEt) h a v e  c l a i m e d  t h a t  the 

w a t e r - l e v e l  t a s k  is q u i t e  d i f f e r e n t  f ro ia  W i t k i n g s  EFT f o r  

m e a s u r i n g  f i e l d  d e p e n d e n c e ,  F i r s t ,  when s p e c i f i c a l l y  i n s t r u c t e d  

t o  do so, s u b j e c t s  h a v e  ao t s c u b l e  i n  s e t t i n g  t h e  w a t e r  l i n e  t o  

t h e  h o r i z o n t a l ,  w h e r e a s  i n  t h e  B f T  t h i s  t y p e  of a r e s p o n s e  is 

e x a c t l y  what  s u b j e c t s  a re  i n c a p a b l e  o f  doing-.  Second, while 

t h e  RFT is a d a i n i s t e r e d  i n  a c a ~ p l e t e l y  d a r k  r o o a ,  t h e  

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

room w i t h  numerous  h o r i z o n t a l  c u e s ,  

D u r i n g  t h e  p r e p a r a t i o n  o f  e x p e r i a e n t  2,  p a g e  rs p r e s e n t e d  

by Harris, B a n l e y  and Best (1475) a n d  L i b e n  (1375) h a d  a g r e a t  

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

i n t e r p r e t a t i o n  o f  t h e  resul ts ,  Harris e t  a l  p e r f o r m e d  a  series 

of p a p e r  and p e n c i l  s t u d i e s  v h e r e  s u b j e c t s  were r e q u i r e d  t o  

r e c o g n i z e  t h e  correct s o l u t i c n  tone t h a t  c o n s e r v e d  

h o r i z o n t a l i t y )  fro@ a nuaber cf i n c o r r e c t  aaes, The usual sex 

d i f f e r e n c e  i n  p e r f o r m a n c e  emerged,  In a d d i t i o n  Rarris  e t  a 1  

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

c o u l d  m i n i a i z e  d i f f e r e n c e s  i n  e r r o r  scores b e t w e e n  Ben a n d  



women, The  a u t h o r s  c o n c l u d e d  t h a t  29% o f  t h e  women a n d  45% o f  

the men c o n s e r v e d  h o r i z o n t a l i t y  e v e n  when i n s t r u c t i o n s  v e r e  

s p e c i f i c a l l y  d e s i g n e d  t c  d i s c c u r a g e  it f b  y s p e c i f  i ca l  l y  s t a t i n g  

t h a t  b o t h  t h e  b o t t l e  a n d  tbe l i q u i d  w i t h i n  it u e r e  i n  s o t i o n ) ,  

w h i l e  a s a a l l  p o r t i o n  of Ben a n d  women p e r f o r ~ e d  p o o r l y  e v e n  

when i n s t r u c t i o n s  were a imed  a t  e n c o u f a g i n g  h o r i z o n t a l i t y  

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

l i q u i d  within it v e r e  s t a b l e  a n d  n o t  i n  m o t i o n ) ,  I n  d i s c u s s i n g  

thair r e s u l t s ,  Harris e t  a 1  s u g g e s t  t h a t  it gay b e  i n c o r r e c t  t o  

t h i n k  o f  c o n s e r v a t i o n  of h o r i z o n t a l i t y  s t r i c t l y  i n  terms of a 

~ i l e s t o n e  i n  l o g i c a l  o r  a n a l y t i c a l  t h i n k i n g -  T h e i r  f i n a l  

c o n c l u s i o n  s u g g e s t e d  t h a t  " t h e  h o r i z o n t a l i t y  t e s t  may well b e  

p r i n t a r i l y  a test o f  v i s u o - s p a t i a l  a b i l i t y 3 '  [p. 13) , a s k i l l ,  a t  

v h i c h  &ales  h a v e  t r a d i t i o n a l l y  e x c e l l e d ,  

A f a c t o r  a n a l y t i c  s t u d y  ky L i b e n  f1975) i n v e s t i g a t e d  t h e  

p o s s i b l e  r e l a t i o n s h i p  b e t w e e n  t h e  h o r i z o n t a l  i t y  tes t  {paper a n d  

p e n c i l )  a n d  t h e  embedded f i g u r e s  test (EFT) a s  well a s  r r a r i o u s  

o t h e r  more g e n e r a l  c o g n i t i v e  m a s u r e s ,  The s t u d y  was c a r r i e d  

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

c o n s e r v a t i o n  of h o r i z o n t a l i t y  t a s k  was r e l a t e d  t o  b o t h  t h e  EFT 

(r=-,571 a a d  s p a t i a l  ability [r=,S2f  a s  m e a s u r e d  on t h e  

D i f f e r e n t i a l  A p t i t u d e  T e s t ,  (The n e g a t i v e  c o r r e l a t i o n  results 

from t h e  s c o r i n g  p r o c e d u r e  u t i l i z e d  by L i b e n ,  A h i g h  s c o r e  on 

t h e  N o f i z o n t a f i t y  Test indicates b e t t e r  p e r f a r r n a n c e ,  w h e r e a s  a 

h i g h  score on t h e  EFT i n d i c a t ~ s  p o o r e r  p e r f o r a a n c e , )  



R a t i o n a l e  for Exper i tRent  2 

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

numerous  demands upon s u b j e c t s ,  it i s  p o s s i b l e  t o  c o n c e i v e  of  

t h e  t a s k  a s  i n v o l v i n g  two majcr componen ts ,  The f i rs t  p h a s e  

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

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

p e r f c r a a n c e  of t h e  correct response by i n d i c a t i n g  t h a t  t h e  

water s h o u l d  b e  h o r i z o n t a l ,  %;hen a s u b j e c t  p e f f o r m s  p o o r l y  upon 

t h e  t a s k  it is n o t  c l e a r  w h e t k e r  h e  or s h e  d o e s  nct u n d e r s t a n d  

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

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

and J a m i s o n  (7974,1975) h a v e  c l a i a t e d  t h a t  t h e  l a t t e r  

p o s s i b i l i t y  is ao t  l i k e l y ,  t h e y  p r e s e n t  n o  d a t a  t o  s u p p o r t  

t h e i r  c o n c l u s i o n ,  With  e v i d e n c e  accui%tulat ing t h a t  c o n s e r v a t i o n  

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

. v i s u o - s p a t i a l ,  s k i l l s  s u c h  a s  t h o s e  i n v o l v e d  i n  Eield 

d e p e n d e n c e i n d e p e n d e w e ,  it was d e c i d e d  t a  l o o k  d i r e c t l y  a t  

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

h o r i z o n t a l i t g  pa rad ig iu ,  b u t  o a e  where  s u b  jeces are  s p e c i f i c a l l y  

i n s t r u c t e d  t o  se t  t h e  water l i n e  t o  t h e  h o r i z o n t a l ,  



The  s u b j e c t s  were 3 2  male a n d  32  female s t u d e n t s  e n r o l l e d  

i n  i n t r o d u c t o r y  p s y c h o l o g y  c l a s se s  a t  Simcn f raser  U n i v e r s i t y ,  

A 1 1  s u b j e c t s  were p a i d  f o r  t h e i r  p a r t i c i p a t i o n ,  

B o t t l e  T e s t 4 B T t ,  A Thomas  t y p e  of a p p a r a t u s  M a s  u t i l i z e d  ------- 
i n  t h i s  s t u d y ,  S i n c e  only t h e  p e r c e p t u a l  c o a p o n e n t s  of t h e  t a s k  

were b e i n g  e v a l  n a t e d ,  s u b j e c t s  were p r e s e n t e d  o n 1  y with t h e  

* p r e t e n d *  b o t t l e ,  T h i s  was a r e c t a n g u l a r  b o t t l e  ( s e c + i o a o d  

a l o n g  t h e  l o n g i t u d i n a l  a x i s )  37-5 cm h i g h  a a d  8 cra wide ~ o u n t e d  

upon  a n  a d j u s t a b l e  disc, 27-5 cia i n  d i a ~ e t e r ,  A l t h o u g h  i t  h a s  

n o  real l i q u i d  i n  it, t h e  subject saw a mack v a t e r  line a n d  t h e  

b o t t l e  a p p e a r e d  t o  be h a l f  f u l l ,  This u a s  a c c o ~ p l i s h e d  b y  

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

h a l f  r e d  h a l f  w h i t e  r o t a t a b l e ,  24  ca i n  diaiaeter d i s c ,  It was 

t h i s  d i s c  t h a t  t h e  s u b j e c t  r o t a t fd  i n  o r d e r  t o  p r e d i c t  t h e  

p o s i t i o n  of t h e  ra ter  a t  a n y  g i v e n  o r i e n t a t i o n  o f  t h e  b o t t l e ,  

T h e  a c c u r a c y  o f  t h e  p r e d i c t i o n  was t a e a s u r e d  by a t h r e e - a r m  

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

t o  t h e  s u b j e c t ,  
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Rod a n d  Frame  T e s t a E % 1 .  The BFT a p p a r a t u s  e a p l o y e d  was a --------------- 
p o r t a b l e  v e r s i o n  which  c o n s i s t e d  o f  a rod 339 cm b y  3 i n ~ )  

s u r r o u n d e d  by a  s q u a r e  f r a m e ,  e a c h  s i d e  o f  u h i c h  was 1 9  cm l o n g  

by 3 m m  wide ,  B o t h  t h e  r c d  a n d  f r a m e  were p a i n t e d  u i t h  whi t*  

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

t h e  o t h e r  i n  s u c h  a way t h a t  t h e y  c o u l d  be  r o t a t e d  

i n d e p e n d e n t l y ,  T h e  r o d  a n d  f rame ,  which were s u r r o u n d e d  b y  a 

c o m p l e t e l y  b l a c k  h o u s i n g ,  a u l d  be i l l u m i n a t e d  w i t h  a smaPI 

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

a n d  f r a m e  would t h e n  a p p e a r  q a i t e  l u m i n o u s  o t h e r  p a r t s  of t h 2  

a p p a r a t u s  c o u l d  n o t  be  s e e n ,  

P r o c e d u r e  ------- 

Each s u b j e c t  was t e s t e d  i n d i v i d u a l 1  y, F o l l o w i n g  a r r i v a l  

t h e  subject was s e a t e d  i n  f r c q t  of t h e  a p p a r a t u s ,  T h e  h e i g h t  of 

t h e  s u b j e c t f s  c h a i r  gas a d j u s k e d  so t h a t  t h e  s u b j e c t  s a t  a t  

a p p r o x i ~ a t e l y  e y e  l e v e l  vith t h e  p r e t e n d  water l i n e .  The 

s u b j e c t  was t h e n  given t h e  f o l l o w i n g  i n s t r u c t i o a s :  

1 w i l l  t u r n  t h i s  a d j u s t a k l ~  b o t t l e  t o  1 4  d i f f e r e n t  

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

p o s i t i o n s ,  What I want  ycu t o  d o  is t o  set t h e  f i n e  t o  t h e  

h o r i z o n t a f ,  By h o r i z o n t a l  1 mean a b s o l u t e  h o r i z o n t a l  

p a r a l l e l  w i t h  the g r c u n d ,  



A t  t h i s  p o i n t  t h e  s u b j e c t  u a s  a s k e d  i f  be  or s h e  n e e d e d  a n y  

cf a r i f  i c a t i o n  a b o u t  t h e  ~ r o c e d u r e  a n d  was a l l o w e d  t o  e x p e r i m n t  

u i t h  t h e  e q u i p m e n t .  

E a c h  s u b j e c t  r e c e i v e d  14 t r i a l s  o n  t h e  B o t t l e  T e s t  {BT), 

Twelve t r i a l s  p r e s e n t e d  t h e  p f e t e n d  bo t t l e  a t  each of t h e  12 

a n g l e s  c o r r e s p o n d i n q  t o  t h e  hours of t h e  c l o c k .  I n  a d d i t i o n  

t h e r e  was a r e p e t i t i o n  of t h e  12 a n d  6 c a c 1 o c k  p o s i t i o n s  t o  

allow fo r  ease o f  s t a t i s t i c a l  a n a l y s i s ,  The 14 p o s i t i o n s  were 

a r r a n g e d  into f o u r  r a n d o ~ l y  c h o s e n  s e q u e n c e s ,  T h e  r a t i o n a l e  for: 

t h i s  was t h a t  t h e r e  was no  a ~ r i o r i  r e a s o n  why s e q u e n c e  o f  

p r e s e n t a t  i o n  s h o u l d  make any d i f f e r e n c e ,  S u b j e c t s  were r a n d o ~ l y  

a s s i g n e d  t o  t h e  f o u r  s e q u e n c e s  w i t h  care b e i n g  t a k e n  t h a t  s e x  

a n d  number  o f  s u b j e c t s  were b a l a n c e d  a m n g  t h e  s e q u e n c e s ,  T h e  

o r i e n t a t i o n  of t h e  p r e t e n d  w a t e r  l i n e  was r a n d c m i z e d  { w i t h  t h e  

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

minimum o f  33 d e g r e e s )  for e a c h  s u b j e c t  a t  t h e  b e g i n n i n g  of 

e a c h  t r i a l ,  

After 32  s u b j e c t s  h a d  c c w p l e t e d  t h e  BT it was d e c i d e d  t h a t  

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

t e s t  t o  p e r f o r m a n c e  o n  t h e  2oa a n d  Frame T e s t ( R F T f  a A s  a r e s u l t  

of  t h i s ,  the n e x t  32 s u b j e c t s  were t e s t e d  w i t h  b o t h  t h e  b o t t l e  

a p p a r a t u s  and the RFT, ( A l t h o u g h  t h e r e  was n o  r e a s o n  t o  k e l i e v e  

that t h i s  s w i t c h  i n  f i e t h o d o l o g y  would i n  a n y  way a f f e c t  t h e  
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b o t t l e  t e s t  p e r f o r m a n c e  o f  t h e  f a s t  3 2  s u b j e c t s ,  a t e s t i n g  

s e s s i o n  v a r i a b l e  (T) was i n c l u d e d  i n  t h e  d a t a  a n a l y s i s  t o  c h e c k  

f o r  t h i s  p o s s i b i l i t y , )  A f t e r  the s u b j e c t  r e c e i v e d  the 1U t r i a l s  

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

was p o s i t i o n e d  a c o v e r e d  RFP o n i t ,  T h e  s u b j e c t  was  s e a t e d  i n  an 

u p r i g h t  p o s i t i o n  180 cm f r o m  t h e  RPT, T h e  a p p a r a t u s  was 

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

I n  t h i s  p a r t  of t h e  experiment I w i l l  t u r n  t h i s  rod 

{ p o i n t i n g  t o  t h e  r o d )  a n d  t h i s  frame t o  v a r i o u s  

o r i e n t a t i o n s ,  T h e r e  %ill b e  8 t r i a l s  a n d  for e a c h  t r i a l  I 

w i l l  s l o w l y  & u r n  t h e  r o d  t o w a r d s  t h e  v e r t i c a l ,  P o u r  t a s k  

i s  t o  t e l l  me when t h e  r e d  is v e r t i c a l ,  i-e, a b s o l u t e  

v e r t i c a l  w i t h  the real  u c r l d ,  

At t h i s  p o i n t  t h e  s u b j e c t  was a s k e d  i f  B e  o r  she n e e d e d  a n y  

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

Each s u b j e c t  r e c e i v e d  8 t r i a l s  on t h e  EFT a p p a r a t u s ,  The 

p o s i t i o n i n g  s e q u e n c e  of b o t h  t h e  r o d  and frame is shown i n  

A p p e n d i x  8, T h e  e x p e r i l s e n t f r  rrtoved t h e  r o d  in two d e g r e e  

i n c r e m e n t s  with a p a u s e  o f  a p ~ r o x i ~ a t e l y  one s e c o n d  b e t w e e n  

Boves ,  T h e  exgeri~ental rooa gas c o a p l e t e r l y  d a r k ,  w i t h  care 

t a k e n  t h a t  a l l  e x t r a n e o u s  l i g h t  s o u r c e s  be b l a c k e d  o u t ,  

B e t u e e n  t r i a l s  a smll l i g h t  %as u s e d  s o  t h a t  t h e  e x p e r i m e n t e r  



c o u l d  r e c o r d  t h e  t r i a l  d a t a ,  T h i s  l i g h t  a l s o  h e l p e d  t o  sfow 

down sub j ec t f s  d a r k  a d a p t a t i o n ,  T h i s  was i m p o r t a n t  s i n c e  t h e  

EFT u n i t  e a i t s  enough black f i g h t  t h a t  a t o t a l l y  d a r k  a d a p t e d  

s u b j e c t  c a n  make o u t  sage o f  t h e  o b j e c t s  i n  t h e  chamber ,  

RESULTS 

B o t t l e  T e s t  Data, T h e  d a t a  were scored by ~ e a s u r i n g  -------------- 
a b s o l u t e  d e g r e e s  of d e v i a t i o n  f r o a  t h e  h o r i z o n t a l .  The e r r o r  

s c o r e s  were t h e n  a n a l y z e d  w i t h  a f i v e - n a y  a i x e d  a n a l y s i s  of 

v a r i a n c e  ( 2 ~ 2 x 4 ~ 7 ~ 2 )  , The three  be tween-Ss  f a c t o r s  were: 

t e s t i n g  s e s s i o n  (T), s e x  [X). a n d  p r e s e n t a t i o n  s e q u e n c e  (C), 

w h i l e  t h e  two w i t h i n - S s  f a c t o r s  were: b a t t l e  o r i e n t a t i o n  (B) 

and  d i r e c t i o n  of tilt (H) , P r e s e n t a t i o n  s e q u e n c e  was t r e a t e d  

a s  a random factor w h i l e  t h e  f e m a i n i n g  f a c t o r s  were t r e a t e d  a s  

g i x e d .  

T h e  a n a l y s i s  of v a r i a n c e  s u m m r y  i s  p r e s e n t e d  i n  Table 4 

a n d  s h o w s  t h a t  b o t h  t h e  s a i n  effect due t o  b o t t l e  o r i e n t a t i o n  

a n d  t h e  sex by bo t t l e  o r i e n t a t i o n  i n t e r a c t i o n  sere s i g n i f i c a n t -  

T h e s e  effects are d i s p l a y e d  i n  P i g u r e  6 a n d  r e v e a l  t h a t  when 

t h e  b o t t l e  was i n c l i n e d  t o  t h e  5 f o r  7) and 1 l o r  3 1) o J c l o c k  

o r i e n t a t i o n s  s u b j e c t s ,  e s p e c i a l 1  y feiuales, p e r f o r a e d  

s u b s t a n t i a l l y  p o o r e r ,  



Source 

Experi~ent 2 
Analysis of Variance Summary 

dE HS P Ef ror Variance 
tera est imate 

Testing session fT f  1 2-9029 
S e x  (X) I 4,7154 
Sequence fC)  3 2,6231 
Bottle, orientation(B) 6 88-0806 
Direction of tilt (H) 1 =0100 
EX 4 32,7779 
EC 3 3,4565 
XC 3 1.5309 
E 3  6 ,3977 
X B  6 3,8195 
CB 18 1,6074 
ER 1 ,01DO 
XH 1 ,5904 
CH 3 ,1767 
BH 4 1,8955 
EIC 3 4,94&5 
EXB 6 ,8402 
ECB 38 1,0622 
XCB 18 ,a404 
EXH 1 ,4922 
ECH 3 ,4327 
XCH 3 1,2630 
EBH 6 1,1661 
X B H  6 1,4079 
CBH 18 1.2356 
5 (EXC) 48 7,8701 
f XCB 38 1,6945 
EXCH 3 ,1231 
EXBR 6 1,2159 
ECBH 18 ,5473 
XCBH 18 -71 95 
SB (EXC) 288 3,2458 
SH {EXC) 48 ,7466 
EXCBH 18 1,7997 
SBH {EXC) 288 1,1038 

1,9931 EC 
3,0802 XC 
1,4025 s (exq 

5ti, 7953*** CB 
,0568 CH 

2,51343 E XC 
,7788 s (exq 
,8186 S (EXC) 
,3744 EC3 
8,6738*** XCB 
1,2893 5 B (EXC) 
,0232 ECfl 
,4675 XCH 
,2367 SE (E XC) 
1.5341 CBH 
2-6Q39 5 (EXC) 
,4959 EXCB 
8520 St? (EXC) 

,3532 S B (E XG) 
3 .9974  EXCB 
,5795 SH fEXC) 
1-69 17 SH (EXC) 
2,7305 ZCBg 
1,9568 XCBH 
1.1 134 5B8 {EXC) 

1,3591 S B  fEXC) 
, IS49 SH {EXC) 
,6758 EXCBB . Y 959 SBH gexc) 
,6518 SBH (EXC) 



Figure 6 

Study 2 Mean Error Scores of Males and Females 
Across Pooled Clock-Symmetric Bottle Orientations. 

Males 

Females 

BOTTLE ORIENTATION 



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

across  t r i a l s ,  A s  e x p e c t e d ,  iemales made s i g n i f i c a n t l y  sore 

e r r o r s  t h a n  t h e  males (t=Y,28Y I ,  d f = 3 0 ,  p<,001), 

T o  c o m p a r e  the B o t t l e  T e s t  ~ e r f o r m a n c e  t o  t h a t  o n  t h e  RPT, 

e a c h  s u b j e c t s s  BZ data was a v e r a g e d  across t h e  e i g h t  o b l i q u e  

( I r 2 , 4 , 5 , 7 , 8 , 1 O ,  a n d  11  o'clock) h o t t l  e o r i e n t a t i o n s  a n d  a c r o s s  

t h e  s i x  v e r t i c a l -  h o r i z o n t a l  f I 2 , 1 2 , 3 , 6 , f i ,  a n d  9 o t c l o c k )  b o t t l e  

o r i e n t a t i o n s ,  E a c h  s u b j e c t  t h u s  h a d  t h r e e  mean s c o r e s ;  RPT, BT 

o b l i q u e  b o t t l e s  a n d  BT v e r t i c a l - h c r i z o n t a l  batt les,  T h e  

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

P e a r s o n  c o r r e l a t i o n s  b e t w e e n  r aired c c ~ h i n a t i o n s  f o r  &a le s  a n d  

f e a a l e s  s e p a r a t e l y ,  The a n a l y s i s  summary i s  p r e s e n t e d  i n  T a b l e  

5 a n d  s h o w s  t h a t  for bo%h s a l e s  aad f ~ a a l e s  p e r f o r m a n c e  o n  t h e  

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

. p e r f o r m a n c e  o n  t h e  RFT, T h e  d i f f e r e n c e  b e t w e e n  sa le  a n d  female 

c o r r e l a t i o n s  gas tested w i t h  a F i s h e r  Z t r a n s f o r ~ a t i o n  {Hays ,  

1963) p r o c e d u r e  a n d  was f o u n d  t o  be n o n s i g n i f i c a n t ,  

A f  t h o u g h  p r e v i o u s  i n v e s t i g a t o r s  @#if l e t a s e n  a n d  R e y n o l d s ,  

3973; Thomas 6 J a ~ i s o n ,  1 9 7 4 ,  1935) h a v e  c l a i s e d  that when 

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



Pea r son  c ~ r r e i a t i c n  between performance on 
t h e  RFT and t h e  B o t t l e  T e s t ,  

Bales 

RFT Oblique S t r a i g h t  
b o t t l e s  b o t t l e s  

Females Dbiique ,741()** ----- ,2767 
b o t t l e s  



level t o  t h e  h o r i z o n t a l  p a s i t i o n  t h e y  d o  s o  w i t h  l i t t l e  

d i f f i c u l t y ,  t h e  p r e s e n t  s t u d y  s u g g e s t s  t h a t  t h i s  c l a i ~  may be 

a n  o v e r s  l m p l i f  ica tion, The  r e s u l t s  of e x p e f i m e n t  2 r e v e a l  t h a t  

a l t h o u g h  t h e  errors made by s u b j e c t s  are q u i t e  small, t h e r e  are 

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

b o t t l e  o r i e n t a t i o n s ,  s p e c i f i c a l l y  t h e  5,  7, 1, a n d  11 o j c l o c k  

o r i e n t a t i o n s ,  a re  more d i f f i c u l t  t h a n  o n e s  i n  a 

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

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

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

v i s u o - s p a t i a l  s k i f f s  r e q u i r e d  for t h e  s o l u t i o n  of these t u o  

t a s k s  are  q u i t e  s i m i l a r ,  G i v e n  t h i s  i n t e r p r e t a t i o n  a  r e a s o n a b l e  

assumption is t h a t  these same v i s u o - s p a t i a l  s k i l l s  d e t e r m i n e  t o  

sone e x t e n t  p e r f o r a a n c e  o n  t h e  a c t u a l  c o n s e r v a t i o n  05 

h o r i z o n t a f i t y  t a s k  u b e r a  t h e  s u b j e c t  ~ u s t  b o t h  g e n e r a t e  t h e  

r u l e  t h a t  t h e  v a t e r  should b e  l e v e l ,  and  s e c o a d l y ,  a p p l y  o r  p u t  

-it i n t o  p r a c t i s e -  

An a d d i t i o n a l  r e s u l t  of e x p e r i m e n t  2 was t h e  p r e s e n c e  o f  a 

s e x  by b o t t l e  orientation i n t e r a c t i o n ,  The mst o b v i o u s  

e x p l a n a t i o n ,  a s  suggested by t h e  d i s c u s s i o n  i n  t h e  p r e c e e d i n y  

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

p e r f o r m a n c e  o n  t h e  b o t t l e  t a s k  a n d  t h e  BFT, it would  see& 

r e a s o n a b l e  t o  c o n c l u d e  that wcmen b e i n g  more f i e l d  d e p e n d e n t  

t h a n  men, would  p e r f o r m  mcre ~ o o r l y  o n  t h e  o b l i q u e  o r i e n t a t i o n s  



t h a n  would  Ben, A l t h o u g h  t h i s  may be p a r t  o f  t h e  e x p l a n a t i o n ,  

p o s t  h o c  a n a l y s i s  of reale vs, for t ta le  p e r f o r m a n c e  on o b l i q u e  a s  

opposed t o  v e r t i c a l - h o r i z c n t a l  b o t t l e s  d o e s  n o t  r e a c h  

a c c e p t a b l e  l e v e i s  of s i g n i f i c a n c e ,  I n s p e c t i o n  of the d a t a  

p r e s e n t e d  i n  F i g u r e  5 r e v e a l s  t h a t  i t  is s p e c i f i c a l l y  t h e  5, 7, 

1 3 ,  a n d  1 ofclock o r i e n t a t i c n s  v h i c h  a r e  t h e  ~ o s t  d i f f i c u l t ,  

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

t o  b e  most d i f f i c u l t  is q u i t e  p u z z l i n g  b u t  a p o s s i b l e  

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

water l e v e l  s h e n  a d j u s t e d  t c  t h e  h o r i z o n t a l  i s  q u i t e  s h o r t  i n  

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

t h e  p r o b l e ~  is t o  t r y  a n d  maks t h e  water l i n e  p a r a l l e l  t o  

v a r i o u s  e x t e r n a l  h o r i z o n t a l  cues {e,g, ,  frame of t h e  

a p p a r a t u s ) ,  a t  t h e  5, 7, I f ,  and  1 o t c l o c k  o r i e n t a t i o n s  t h i s  

map b e  more  d i f f i c u l t  because the s h o r t  water l i n e  does n o t  

all ow f o r  ef f e e t i v e  c o m p a r i s o n ,  

A l t h o u g h  t h e  sex by  b o t t l e  o r i e n t a t i o n  i n t e r a c t i o n  a p p e a r s  

t o  b e  c o n t r a d i c t o r y  t o  W i l l e m s e n  a n d  R e y n o l d  *s c o n c l u s i o n  t h a t  

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

a n d  women to s e t  t h e  p r e t e n d  a a t ~ r  line t o  t h e  h o r i z o n t a l ,  i t  

sesms t h a t  W i l l e ~ s e n  and  R e y n c f d s  o n l y  a n a l y z e d  f o r  a s e x  m i n  

effect, S i n c e  t h e  s e x  main  e f f e c t  i n  t h e  p r e s e n t  s t u d y  was a lso  

n o n  s i g n i f i c a n t ,  at t h i s  f e v f l  o f  a n a l y s i s  t h e  r e s u l t s  from t h e  

two s t u d i e s  a r e  quite c o a p a t i t l e ,  S i n c e  W i l l e m s e n  a n d  R e y a o f d s  
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do n o t  p r e s e n t  a n y  a d d i t i c n a l  data ,  f u r t h e r  c o m p a r i s o n s  a r e  n o t  

p o s s i b l e ,  T h e  p r e s e n t  f i n d i n g  is a l s o  c o n t r a r y  t o  Thomas a n d  

J a r a i s o n a s  (1974, 1875) clairn t h a t  s u b j e c t s  h a v e  n o  d i f f i c u l t y  

w i t h  t h i s  t a s k ,  However ,  T h c ~ a s  a n d  J a ~ i s s s  p r e s e n t  no  d a t a  t o  

s u p p o r t  t h e i r  c o n t e n t i o n ,  a n d  t h u s  c c ~ p a r i s o e s  t o  t h e  p r e s e n t  

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

C o n c l u s i o n s  

T h e  p r e s e n t  s t u d i e s  show t h a t  the t y ~ i c a l  c o a s e r v a t i o n  of 

h o r i z o n t a l i t y  t a s k  re l ies  q u i t e  s u b s t a n t i a l l y  upon s k i l l s  

t r a d i t i o n a l l y  a s s o c i a t e d  w i t h  v i s u o - s p a t i a l  a b i l i t i e s  s u c h  as  

t h o s e  i n v o l v e d  i n  f i e l d  d e p e n d e n c e i n d e p e n d e n c e =  Experiments la 

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

c o n s e r v a t i o n  of h o r i z o n t a l i t y  t a s k ,  a n d  e x p e r i m e n t  2 f u r t h e s  

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

s u b j e c t  u n a e r s t a n d s  t h e  u n d e r l y i n g  p r i n c i p l e  { i n v a r i a n c e  of 

water l e v e l )  by s p e c i f i c a l l y  i n s t r u c t i n g  s u b j e c t s  t o  s e t  t h e  

water l i n e  t o  t h e  h o r i z o n t a l ,  p e r c e p t u a l  f a c to r s  s u c h  as  f i e l d  

d e p e n d e n c e i n d e p e n d e n c e  are still a c t i v e  i n  t h e  t a s k  

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

h o r i z o n t a l i t y  t a s k  do  e x i s t  b u t  t h e i r  ~ a g n i t u d e  d e p e n d s  upon  

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

b o t t l e  o r i e n t a t i o n s  e a p l o y e d ,  I n  g e n e r a l ,  v a r i a b l e s  w h i c h  ~ a k e  

t h e  c o n s e s v a t i o n  of h o r i z o n t a l i t y  t a s k  Bore d i f f i c u l t  result i n  



a g r e a t e r  sex d i f f e r e n c e ,  ",,,like a n y  s p a t i a l  test ,  i t  c a n  be  

made h a r d e r ,  so  t h a t  Bore  p e o g l e  f a i l ,  or  s i m p l e r ,  so t h a t  more 

p e o p l e  d o  well, t h o u g h  females on a v e r a g e ,  still  f i n d  i t  more 

d i f f i c u l t  t h a n  m a l e s  dow {Harris, 1875,  p. 133, 

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

c o n j u c t i o n  v i t h  r e s e a r c h  by H a r r i s  (1975)  a n d  L i b e n  - [ I g i ' S f ,  it 

is d i f f i c u l t  t o  d i s r e g a r d  the s p a t i a l  n a t u r e  of t h e  t a s k  i n  

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

a t t e a t p t e d  t o  do, A l t h o u g h  c n e  may be h a r d  p r e s s e d  t o  f o r i n u l a t e  

a  clear d i s t  i n c t i o n  b e t m e n  c c a c e p t u a l  a n d  p e r c e p t u a l  

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

a r g u m e n t  t h a t  a  s u b j e c t  d o e s  g o o r h y  cn t h e  c o n s e r v a t i o n  of 

h o r i z o n t a l i t y  b e c a u s e  h e  o r  ske does n o t  u n d e r s t a n d  t h e  

p r i n c i p l e  t h a t  s t i l l  Hater r e ~ a i n s  h o r i z o a t a l  a n d  t h e  a r g u m e n t  

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

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

c o m p o n e n t s  of t h e  t a s k ,  T h e  p r e s e n t  e x p f f i m e n t s  d o  n o t  

n e c e s s a r i l y  show t h a t  p o o r  p e r f o r m a n c e  on  t h e  h o r i z o n t a f i  t y  

t a s k  is c o m p l e t e l y  a f u n c t i o n  of s p a t i a l  a b i l i t y ,  b u t  t h e y  do  

show t h a t  p o o r  p e r f o r a a n c e  is n o t  c o ~ p f e t e l y  a  f u n c t i o n  of a  

c o n c e p t u a l  d e f i c i t ,  

A l t h o u g h  a * p e r c e p t u a l s  i n t e r p r e t a t i o n  seats t o  form a 

n e c e s s a r y  p a r t  o f  a n y  f u l l  e x g l a n a t i o n  of t h e  d i s c r e p a n c y  
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b e t w e e n  male a n d  f e m a l e  p e r f c r a a n c e  on h o r i z o n t a f i t y  t a s k s  i t  

is s t i l l  p o s s i b l e  t o  ~ a i n t a i n ,  a s  p r o p o s e d  b y  Thomas, t h a t  t h e  

sex d i f f e r e n c e  eta2 b e  p r i m a r i l y  d u e  t o  a  l a c k  o f  u n d e r s t a n d i n g  

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

p o s s i b l e  e x p l a n a t i o n  of how t h i s  de f ic i t  ~ i g h t  d e v e l o p  i s  

s u g g e s t e d  by  P i a g e t  a n d  l n h e l d e r  s (1956)  o r i g i n a l  d e s c r i p t i o n  

of t h e  water l e v e l  t e s t ,  

* , , , t h e  r e p e a t e d  d i f f i c u l t y  I n  a p p r e c i a t i n g  t h e  material 

f a c t s  , , , u n d o u b t e d l y  i n d i c a t e s  a n  I n a b i l i t y  to e v a l u a t e  

t h e  p e r c e p t u a l  d a t a  i n  t e r m  of t i e  o r i e n t a t i o n  of 

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

t h e  p a r t  o f  c o - o r d i n a t i o n  as s u c h ,  What i n d e e d  i s  a 

s y s t e ~  of c o - o r d i n a t e s  b c t  a series o f  c o m p a r i s o n s  

be tween  o b j e c t s  i n  d i f f e r e n t  p o s i t i o n s  a n d  

 orientation^?^^ (p,  390) 

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

i s  a  p r e r e q u i s i t e  fo r  t h e  d e v e l a p m e n t  of t h e  u n d e r s t a n d i n g  t h a t  

s t i l l  water r e m a i n s  h o r i z c n t a l ,  S i n c e  women h a v e  p o o r e r  s p a t i a l  

s k i l l s  t h a n  @en, w h e t h e r  d u e  t o  d i f f e r e n t i a l  s o c i a l i z a t i o n  

( t laccoby,  1966)  o r  t o  a s e x - l i n k e d  r e c e s s i v e  g e n e  {Bock & 

K o l a k o w s k i ,  19733 ,  i t  is p o s s i b l e  t o  a r g u e  t h a t  t h e i r  

d e f i c i e n c i e s  i n  p e r c e i v i n g  s p a t i a l  r e l a t i o n s  might sake it 

d i f f i c u l t  f o r  women t o  abs t r ac t  t h e  c o n c e p t u a l  p r i n c i p l e ,  



f u t u r e  R e s e a r c h  

S i n c e  t h e  p r e s e n t  r e s e a r c h  s u g g e s t s  t h a t  p e r c e p t u a l  E i e l  d  

effects d o  p l a y  a ro l e  i n  c o a s e r ~ a t i o n  of h o r i z o n t a f i t y  t a s k s ,  

a l o g i c a l  e x t e n s i o n  o f  t h e   resent s t u d y  would  be t o  e v a l u a t e  

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

h o r i z o n t a f i t p  t a s k s ,  

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

r e l a t i o n s h i p  b e t w e e n  c o n s e r v a t i o n  of h o r i z o n t a l i t y  and 

p e r c e p t u a l  Q teasu res .  T h e  p e r c e p t u a l .  a e a , t u s e s  would  i n c l u d e  t h e  

s t a n d a r d  Rod a n d  F rame  (IBFT) a n d  t h e  B o t t l e  T e s t  (BT) i n  

w h i c h  t b e  s u b  ject3s t a s k  is t c  s p e c i f i c a l l y  se t  t h e  n a t e r  l e v e l  

t o  t h e  h o r i z o n t a l ,  T h e  d e s i g n  would  b e  a m u l t i v a r i a t e  one w i t h  

e v e r y  s u b j e c t  b e i n g  e v a l u a t ~ d  w i t h  e a c h  of t h e  t h r e e  m e a s u r e s ,  

E a c h  s u b j e c t  o n  a r r i v i n g  a t  t h e  e x p e r i m e n t a l  rocm would  f irst  

x e c e i v e  a series of t r i a l s  o n  t h e  c o n s e r v a t i o n  of h o r i z o n t a l i t y  

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

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

s u b j e c t  wou ld  b e  i n s t r u c t e d  t o  s e t  t h e  water l e v e l  t o  the 

h o r i z o n t a l  f o r  t h o s e  satlle b c t t l e  ofienttatiorns, j l n  b o t h  o f  

t h e s e  t a s k s  t h e  order of p r e s e n t a t i o n  wou ld  be r a n d o ~ i z e d  f o r  

e a c h  o f  t h e s e  t a s k s  a n d  a c r o s s  a l l  s u b j e c t s , )  After c o a p l e t i n g  

b o t h  t h e  h o r i z o n t a l i t y  a n d  t h ~  B o t t l e  Test, s u b j e c t s  wou ld  t h e n  

r e c e i v e  t h e  s t a n d a r d  Bod and F r a ~ e  T e s t  ( e i g h t  t r i a l s  i n  a 

1 blacked o u t f  r o o @ ) ,  
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T h e  d a t a  c o u l d  b e  a n a l y z e d  n s i n g  a v a r i e t y  of t e c h n i q u e s ,  

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

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

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

r e l a t i o n s h i p  among t h e  t h r ~ e  t a s k s ,  If a s  e x p e c t e d  t h e  

p e r c e p t u a l  a n d  h o r i z o n t a l i t y  D e a s u r e s  a r e  h i g h l y  r e l a t e d ,  two 

s e p a r a t e  analyses of c o v a r i a n c e  c o u l d  b e  p e r f o r ~ e d ,  o n e  t r e a t i n g  

B o t t l e  T e s t  p e r f o r ~ a n c e  a s  a c o v a r i a t e  w h i l e  t h e  a t h e r  t r e a t i n g  

RFT p e r f  o r l aance  a s  t h e  r o v a r i a t e ,  I d e a l l y ,  t h e  c o v a r i a n c e  

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

upon t h e  p e r c e p t u a l  B e a s u r e s  a r e  t a k e n  i n t o  a c c o u n t ,  t h e n  t h e  

c o n s e r v a t i o n  of h o r i z o n t a l i t y  t a s k  b ~ c o ~ e s  s i g n i f i c a n t l y  

s ~ a l l e r ,  

A l t h o u g h  t h i s  t y p e  of a d e s i g n  fol lows d i r e c t l y  f r o &  t h e  

present r e s e a r c h  its f r u i t f u l n e s s  is l i i u i t e d  b y  t h e  u n d e r l y i n g  

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

h o r i z o n t a l i t y  t a s k  i n f l u e n c 2  ~ e r f o r m a n c e  i n  a a  a d d i t i v e  

f a s h i o n ,  If t h e  m a j o r i t y  of t h e i r  i n f l u e n c e  is  i n  t h e  E o r a  of 

a n  i n t e r a c t i o n ,  $ h i s  i n t e r a c t i o n  would be d i f f i c u l t  t o  

e v a l u a t e ,  S i n c e  t h e  i n t e r a c t i o n  h y p o t h e s i s  is t h e  more l i k e 1  y 

o n 2  t h e  a b o v e  t y p e  of s t u d y  c o u l d  b e  s u p p l e ~ e n t e d  w i t h  v a r i o u s  

o t h e r  measures .  A p o t e n t i a l l y  f r u i t f u l  a p p r o a c h  would b e  t o  

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



a p p e a r a n c e  of a l i q u i d  i n  a t i l t e d  c o n t a i n e r ,  I n  t h i s  type of 

r e s e a r c h  t h e  i n t e r v i e w  is i r n ~ c r t a n t  for two r e a s o n s ,  First, it 

~ i g h t  s u g g e s t  cr i t ical  v a r i a b l e s  or 'demand c h a r a c t e r i s t i c s *  i n  

t h e  e x p e r i a t e n t a l  s i t u a t i o n  which h a v e  b e e n  o v e r l o o k e d  

p r e v i o u s l y ,  Second, She i n t e r v i e v  can  be u s e d  t o  evaluate a  

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

l e v e l  w h i l e  a t  the s a a e  t i ~ e  s i n i r n i z i n g  the c o n f o u n d i n g  eEfects 

of t h e  p e r c e p t u a l  q u a l i t i e s  of t h e  u s u a l  h o r i x o n t a l i t y  task, 



APPEND1 X A 

S m p l e  o f  S t i r i l u l i ~ s  Sooklets lJscd i n  Expr r r i r len t  l a  and lb. 

Here i s  a  closed b o t t l e  h a l f  f u l l  of water. 

s t a r t j - n g  on t h e  next  page t h i s  b o t t l e  i s  t ipped i n  a  number of 

d i f f e r e n t  ways.For each b o t t l e  t h e  water l i n e  i s  drawn Tn. 

1 . )  If you agree  with where t h e  water l i n e  i s  drswn,put s check 

mark(J) b e s i d e  it snd go onto the  next  page. 

2.) If you d isagree  with where t h e  watsr l i n e  is, drawn,predict  

where t h e  water should Se,by drawing i n  your own water  l i n e .  





A P P E N D I X  A ( ~ o n t ' d )  



APPENDIX A ( ~ o n t ' d )  



A P P E N D I X  A ( C o n t ' d )  



APPENDIX A ( ~ o n t ' d )  



A P P E N D I X  A ( C o n t ' d )  



A P P E N D I X  A (Con t ' d )  



A P P E N D I X  A (Cont 'd )  



APPENDIX B 

P o s i t i o n i n g  S e q u e n c e  of Rod a n d  Frame U s e d  i n  E x p e r i m e n t  2 

(From B i t k i n  e t  al, 1 9 5 4 )  

T r i a l  Number 1  2 3 4 5 6 7 8 

F r a m e  T i l t  ( 2 0 • ‹ )  CC CC C C CC CC C C 

Hod T i l t  (20') CC C C CC CC C C CC 

C - Clockwise Tilt 
CC - Counter Clockwise Tilt 
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