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A b s t r a c t

W h en  tw o  t r i a n g l e s  a re  a l t e r n a t e l y  p r e s e n t e d ,  one w i th  a v e r t e x  

p o in t in g  t o  the  le f t  a nd  th e  o th e r  w i th  a  v e r t e x  p o in t in g  to  th e  r i g h t ,  

t h e  o b s e r v e r  p e r c e i v e s  a s i n g l e  t r i a n g le  o s c i l l a t i n g  in d e p th  a b o u t  a 

v e r t i c a l  a x i s .  The v e r t e x  may sw in g  in a n  a r c  e i t h e r  a h e a d  or b e h in d  

th e  p l a n e  of th e  f i g u r e s .  H o w e v e r ,  w h e n  the  p r e s e n t a t i o n  of s t im u l i  

i s  i n t e r o c u l a r  ( e a c h  e y e  s t i m u l a t e d  by on ly  one of th e  tw o  f igu re s )  a 

p r e d o m in a n c e  e f f e c t  o c c u r s :  S t im u la t io n  of th e  tw o  n a s a l  h e m i r e t in a s  

g i v e s  r i s e  p r e d o m in a n t ly  to  o s c i l l a t i o n  b e h in d ,  a nd  s t i m u l a t i o n  of 

t em p o ra l  h e m i r e t i n a s  g i v e s  r i s e  p r e d o m in a n t ly  to  o s c i l l a t i o n  a h e a d .  

This  p h e n o m e n o n  is  c o n s i s t e n t  w i th  a  ru le  w h i c h  s p e c i f i e s  t h a t  a 

s i n g l e  r igh t  e y e  t o  l e f t  e y e  s t i m u l a t i o n  c y c l e  g i v e s  r i s e  t o  c o u n t e r ­

c lo c k w i s e  r o t a t i o n ,  a n d  a  l e f t  e y e  t o  r ig h t  e y e  c y c l e  g i v e s  r i s e  to  

c lo c k w i s e  r o t a t i o n .  The num ber  of " a h e a d "  r e p o r t s  in  10 t r i a l s / c o n ­

d i t io n  w a s  the  r e s p o n s e  m e a s u r e  u s e d  in tw o  s e r i e s  of e x p e r i m e n t s .  

The e x p e r i m e n t s  of Par t  I d e m o n s t r a t e d  the  fo l lo w in g  c o n c e r n i n g  the  

p r e d o m in a n c e  e f f e c t :  (a) I n t e r o c u la r  p r e s e n t a t i o n  of s t im u l i  i s  a  

n e c e s s a r y  c o n d i t i o n  for  t h e  e f f e c t ,  (b) The e f f e c t  o c c u r s  for s e m i ­

c i r c l e s  a s  w e l l  a s  t r i a n g l e s ,  w i th  a t  l e a s t  t w i c e  a s  m any a h e a d  

r e p o r t s  for tem p o ra l  s t im u l a t i o n  t h a n  for n a s a l  s t i m u l a t i o n .  (c) The 

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

a n d  a l s o  by  u s in g  a s t e r e o s c o p e ,  (d) The e f f e c t  d o e s  not  d e p e n d  

upon  c o n t i n u o u s  b in o c u la r  f i x a t io n  or d i f f e r e n t i a l  e y e m o v e m e n t .  (e ) 

The e f f e c t  d o e s  not  d e p e n d  upon n a s a l  v e r s u s  t e m p o ra l  s t i m u l a t i o n ,  

bu t  d e p e n d s  upon a d i f f e r e n c e  b e t w e e n  c o n d i t i o n s  in the  r e l a t i v e  

p o s i t i o n  of th e  s t im u lu s  f i g u r e s  in th e  v i s u a l  f i e ld  (w h e th e r  th e  f igure  

p r e s e n t e d  t o  the  le f t  e y e  i s  p e r c e i v e d  to  the  l e f t  or r igh t  of the  f igure
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p r e s e n t e d  to  th e  r igh t  eye). <L> S im u l t a n e o u s  p r e s e n t a t i o n  of c o n t r a s t i n g  

s t im u lu s  a r r a n g e m e n ts  i n c r e a s e s  d e g re e  of in d iv id u a l  c o n s i s t e n c y  w i th  

th e  e f f e c t ,  bu t  for som e S_s the re  is an  u n e x p la in e d  u p p e r - l o w e r  p o s i t i o n  

e f f e c t . The e f f e c t  d o e s  no t  o c c u r  for v e r t i c a l  m o v e m e n t ,  (h) I n c r e a s ­

ing the  s e p a r a t i o n  b e tw e e n  f igure  and  f i x a t io n  l in e  d o e s  not  i n f lu e n c e  the  

e f f e c t .

In Par t  II it  w as  h y p o t h e s i z e d  t h a t  th e  p r e d o m in a n c e  e f f e c t  i s  r e ­

l a t e d  to  s t e r e o s c o p i c  d e p th  l o c a l i z a t i o n  of d o u b le  i m a g e s .  The s t i m u l u s  

a r r a n g e m e n ts  p ro d u c in g  m otion  b e h in d  a n d  a h e a d  g iv e  r i s e  to  p e r c e p t s  

w h ic h  a re  e q u i v a l e n t ,  r e s p e c t i v e l y ,  t o  u n c r o s s e d  a n d  c r o s s e d  d o u b le  

im ag es  (un fu se d  d i s p a r a t e  i m a g e s ) .  S in c e  u n c r o s s e d  d o u b le  im a g e s  a re  

l o c a l i z e d  b e h in d  the  f i x a t io n  p l a n e  a nd  c r o s s e d  im a g e s  a re  l o c a l i z e d  

a h e a d  of the  f i x a t i o n  p l a n e ,  th e re  i s  a  c o r r e s p o n d e n c e  b e tw e e n  th e  n a ­

ture  of the  d e p th  l o c a l i z a t i o n  a s s o c i a t e d  w i th  the  d o u b le  im a g e s  a nd  the  

n a tu re  of th e  o s c i l l a t i o n  in d e p th  w h ic h  is  p e r c e i v e d  w hen  th e  s t im u l i  a re  

a i t e r n a t e d .  R e s u l t s  a , e an d  a b o v e ,  a re  c o n s i s t e n t  w i th  the  d o u b le  

image h y p o t h e s i s  s i n c e  on ly  i n t e r o c u l a r  p r e s e n t a t i o n  p r o d u c e s  r e t i n a l  

d i s p a r i t y ,  n a s a l  or t e m p o ra l  s t im u l a t i o n  of bo th  r e t i n a s  i s  not  r e q u i r e d  

t o  p ro d u ce  d o u b le  i m a g e s ,  and  v e r t i c a l  d i s p a r i t y  ( in v o lv e d  in v e r t i c a l  

movement)  d o e s  not  p r o d u c e  s t e r e o p s i s  . R e s u l t s  of fu r th e r  e x p e r i m e n t s  

i n d i c a t e d  t h e  fo l lo w in g :  (a) Dots  in p l a n a r  a p p a r e n t  m ovem en t  a re  l o c a l ­

i z e d  a h e a d  or b e h in d  th e  f ix a t io n  l i n e ,  (b) C o n t in u o u s  v ie w in g  of both  

s t im u l i  g iv e s  r i s e  t o  a n  a h e a d - b e h i n d  d e p th  l o c a l i z a t i o n  p r e d o m in a n c e  

e f f e c t  w h ic h  c o r r e s p o n d s  to  th e  motion  e f f e c t ,  a n d  w h ic h  is  not  due  to  

d i f f e r e n t i a l  ey e  c o n v e r g e n c e ,  (o) An u p p e r - l o w e r  p o s i t i o n  e f f e c t  o c c u r s  

for d e p th  l o c a l i z a t i o n  w h ic h  i s  s im i l a r  to  th e  p o s i t i o n  e f f e c t  found  for 

o s c i l l a t i o n  in d e p t h .  (d) F igu res  w h i c h  a p p e a r  t i l t e d  b e h in d  in d e p th
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g iv e  r i s e  p r im a r i ly  to  o s c i l l a t i o n  b e h in d  a s  a r e s u l t  of t h e  s h o r te r  m o ­

t io n  p a th  re q u i re d  for  m o tion  b e h i n d ,  (e) T r i a n g le s  a p p e a r  t i l t e d  a h e a d  

or b e h in d  in d e p th  ( a p p a r e n t ly  due  to  g r e a t e r  d i s p a r i t y  a t  th e  v e r t i c e s ) ,  

t h u s  s u g g e s t i n g  the  m ann e r  in w h ic h  s t e r e o p s i s  m ight  i n f lu e n c e  the  

o s c i l l a t i o n  in d e p th  w h ic h  is  p e r c e i v e d .  (f) W h e n  a repor t  of p e r ­

c e i v e d  m ovem ent  i s  o b t a i n e d  im m e d ia te ly  a f t e r  a r epo r t  of e i t h e r  d e p th  

l o c a l i z a t i o n  or of t i l t  in d e p th ,  th e re  i s  a  s i g n i f i c a n t  r e l a t i o n s h i p  b e ­

t w e e n  th e  tw o  t y p e s  of r e p o r t s .



In t ro d u c t io n
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A pparen t  or s t r o b o s c o p i c  m ov em en t  (AM) i s  p e r c e i v e d  w h en  tw o  

s e p a r a t e  v i s u a l  s t im u l i  a re  p r e s e n t e d  s u c c e s s i v e l y  un de r  p ro p e r  s p a t i a l  

a n d  tem p ora l  c o n d i t i o n s .  The AM p h e n o m e n o n  i n v e s t i g a t e d  here  o c c u r s  

w h en  s t im u l i  e l i c i t i n g  p e r c e p t i o n  of AM in d e p th  a re  p r e s e n t e d  i n t e r o c u ­

l a r l y .  1 W h e n  c o n d i t i o n s  a re  p ro p e r ly  a r r a n g e d ,  AM in d e p th  r a t h e r  t h a n  

p l a n a r  AM i s  p e r c e i v e d .  T hus  w hen  tw o  t r i a n g l e s  hav ing  a  common v e r ­

t i c a l  s id e  are  a l t e r n a t e l y  p r e s e n t e d  (Fig .  1), th e  p a th  of a p p a r e n t  m o v e ­

m en t  d o e s  not l ie  in  a  p l a n e .  The o b s e r v e r  g e n e r a l l y  p e r c e i v e s  a s i n g l e  

t r i a n g le  moving to  a n d  fro in d e p th  a b o u t  a v e r t i c a l  a x is  (Cf.  H i g g i n s o n ,

1926) . The v e r t e x  of th e  t r i a n g l e ,  w h ic h  a p p e a r s  t o  sw in g  in a n  a rc  of 
o

a b o u t  180 in a h o r izo n ta l  p l a n e ,  may  o s c i l l a t e  e i t h e r  a h e a d  of b e h in d  

th e  p l a n e  of the  f i g u r e s .  Th is  ty p e  of AM w i l l  be r e f e r r e d  t o  a s  o s c i l ­

l a t i o n  in d e p th .  In i n t e r o c u l a r  AM, e a c h  e y e  is  s t i m u l a t e d  by  on ly  one 

of the  tw o  s t im u l i  (Cf.  W e r t h e i m e r ,  1912) .  The i n te r o c u la r  p ro c e d u re  

c a n  be  d i s t i n g u i s h e d  from the  p r o c e d u r e  for m o n o c u la r  AM, in w h ic h  only  

one eye  i s  s t i m u l a t e d  by the  tw o  s t i m u l i ,  a n d  b i n o c u l a r  AM, in w h ic h  the  

tw o  s t im u l i  s t i m u l a t e  b o th  e y e s .

L angfe ld  (1927) w a s  a p p a r e n t l y  the  f i r s t  t o  o b s e r v e  AM in d e p th  p r o ­

d u c e d  by  i n te r o c u la r  s t i m u l a t i o n .  T r id im e n s io n a l  i n t e r o c u la r  AM (TIAM)
2

h a s  more r e c e n t l y  b e e n  i n v e s t i g a t e d  by P a s t o r e .  For the  t r i a n g le  f ig u r e s  

d e s c r i b e d  a b o v e ,  so m e  o b s e r v e r s  i n i t i a l l y  p e r c e i v e  o s c i l l a t i o n  in d e p th  

a h e a d  of the  p l a n e  a n d  o th e r s  p e r c e i v e  m ov em en t  b e h in d  the  p l a n e .  W i th  

p r o lo n g e d  o b s e r v a t i o n ,  s p o n t a n e o u s  r e v e r s a l s  a re  f r e q u e n t ly  p e r c e i v e d  in 

w h ic h  m ovem ent  a h e a d  c h a n g e s  t o  m ovem ent  b e h in d  or v i c e  v e r s a .  C o m -

*A re v ie w  of s t u d i e s  d e a l in g  w i th  AM in d e p th  a n d  in t e r o c u l a r  AM 
is  p r e s e n t e d  in A p p en d ix  I .

2
U n p u b l i s h e d  r e s e a r c h ,  1966 .
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A

V

F ig .  1. S t im u lus  f ig u re s  (ABV^ a n d  ABV2 ) w h ic h  w h en  a l t e r n a t e l y  

p r e s e n t e d  g iv e  r i s e  t o  p e r c e p t i o n  of AM in  d e p t h .  A s in g l e  t r i a n g le  is  

p e r c e i v e d  w h ic h  sw in g s  to  an d  fro in d e p th  a b o u t  v e r t i c a l  a x i s  AB. The
9

v e r t e x  o s c i l l a t e s  b e tw e e n  Vj a n d  V2  t h ro u g h  a n  a rc  of a b o u t  180 in a 

h o r izo n ta l  p l a n e .
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p l e t e  r o t a t i o n s  (3 60°) a re  a l s o  s o m e t i m e s  p e r c e i v e d .  P a s to r e  fo u n d ,  

h o w e v e r ,  t h a t  th e  n a tu re  of th e  m ovem ent  p e r c e i v e d  c o u ld  be  c o n t r o l l e d  

by m a n ip u la t in g  th e  l o c u s  of e x p o s u r e  to  the  tw o  e y e s .  S p e c i f i c a l l y ,  

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

s in g l e  t r i a n g le  moving b e h in d  th e  p l a n e  a n d  s t i m u l a t i o n  of t e m p o ra l  

h e m i r e t i n a s  g e n e r a l l y  l ed  to  th e  p e r c e p t i o n  of a  t r i a n g l e  moving a h e a d  

of the  p l a n e  (20 Ss) , S t im u lu s  a r r a n g e m e n t s  for  p ro d u c in g  n a s a l  (N) a n d  

tem p o ra l  (T) s t im u l a t i o n  a re  i l l u s t r a t e d  in F ig .  2 .  W hen  t h e s e  a r r a n g e ­

m e n t s  a re  v i e w e d  s t e r e o s c o p i c a l l y  th e y  g iv e  r i s e  to  tw o  v i s u a l  f i e ld s  

w h ic h  a re  i d e n t i c a l .  The d iag ra m s  of F ig .  3 sh o w  w h a t  i s  h a p p e n in g  

on the  r e t i n a .

A l though  the  N a n d  T c o n d i t i o n s  g iv e  r i s e  t o  d i s t i n c t  b e h in d  and  

a h e a d  t y p e s  of p e r c e i v e d  m o t io n ,  P a s to r e  fo rm u la te d  a  ru le  t h a t  would  

c o o rd in a te  t h e s e  p e r c e i v e d  m ot ions  t o  p h a s e s  of a  s i n g l e  ty p e  of m o v e ­

ment . In t h i s  f o r m u la t i o n ,  a t t e n t i o n  i s  c o n f in e d  to  a  s in g l e  c y c l e  in 

w h i c h  one  s t i m u l u s  i s  p r e s e n t e d  a n d  r e m o v e d  fo l lo w e d  by  p r e s e n t a t i o n  

a n d  r e m o v a l  of the  s e c o n d  s t i m u l u s .  If c o n s i d e r e d  a s  th o u g h  v i e w e d  

from a b o v e ,  m o vem en t  of th e  t r i a n g le  a h e a d  or b e h in d  is  e q u i v a l e n t  to
Q

a 180 r o ta t io n  in a c l o c k w i s e  or c o u n t e r c l o c k w i s e  d i r e c t i o n  ( s e e  F ig ,

4A). F ig .  4B i l l u s t r a t e s  th e  f a c t  t h a t  for a  s i n g l e  le f t  e y e  t o  r igh t  e y e  

c y c l e ,  N s t im u l a t i o n  (g iv ing  r i s e  to  b e h in d  m ovem ent)  a n d  T s t i m u l a t i o n  

(giving r i s e  t o  a h e a d  m ovem ent)  bo th  in v o lv e  r o t a t io n  in a  c l o c k w i s e  

d i r e c t i o n .  Thus a  s in g le  type  of r o t a t io n  ( c lo c k w is e )  c a n  be  c o o r d i n a t e d  

w i th  the  tw o  t y p e s  of o b s e r v e d  m otion  ( a h e a d  a n d  b e h i n d ) .  S in c e  it  is  

a rb i t r a r y  a s  t o  w h e th e r  a s i n g l e  c y c l e  b e g i n s  w i th  s t i m u l a t i o n  of th e  l e f t  

or r igh t  e y e ,  a  s i m i l a r  d i r e c t i o n  of r o t a t i o n  ru le  in v o lv in g  c o u n t e r c l o c k ­

w i s e  r o t a t io n  c a n  be fo rm u la te d  for a r igh t  e y e  t o  le f t  e ye  c y c l e  (F ig .  AC ) .
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S t im u lu s  A r ra n g e m e n ts V i s u a l  F i e ld s

N a s a l < D>
R

<l>

T em p o ra l > <]
R

>
L ef t  Eye Right  Eye

F ig .  2 .  I l l u s t r a t i o n  of th e  s t im u lu s  a r r a n g e m e n ts  p ro d u c in g  n a s a l  

an d  tem p ora l  s t im u la t i o n  of the  tw o  r e t i n a s .  F u s io n  of th e  tw o  v e r t i c a l  

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

r i g h t .  L t r i a n g l e s  a re  p e r c e i v e d  a s  a r e s u l t  of s t i m u l a t i o n  of the  l e f t  

eye  a n d  R t r i a n g l e s  a s  a r e s u l t  of s t im u l a t i o n  of th e  r igh t  e y e .  F i x a ­

t io n  is  m a in t a in e d  on th e  v e r t i c a l  l i n e .
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A

N a s a l  (N) T em po ra l  (T)

F ig .  3 .  S c h e m a t i c  d i a g ra m s  of th e  r e t i n a l  s t im u l a t i o n  r e s u l t i n g  

from t h e  N a n d  T s t im u lu s  a r r a n g e m e n t s .  The a r row s  r e p r e s e n t  the  L 

an d  R t r i a n g l e s  in top  v i e w  a n d  the  d o t t e d  l in e s  r e p r e s e n t  th e  l i n e s  of 

s i g h t .  W i th  c e n t r a l  f i x a t i o n ,  th e  N a r r a n g e m e n t  p r o d u c e s  s t i m u l a t i o n  

of t h e  two n a s a l  h e m i r e t i n a s  and  the  T a r r a n g e m e n t  th e  tw o  tem p o ra l  

h e m i r e t in a s  .
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4A.

N a s a l

(Behind)

T em p o ra l

(Ahead)

C l o c k w i s e
(Behind)

—  P la n e  of C a r d

C o u n t e r c l o c k w i s e(Ahead)

Line  of

S ig h t

C l o c k w i s e

t* K I L *1

C o u n t e r c l o c k w i s e

4B . Lef t  Eye to  Right Eye 4 C .  R ight  Eye to  Left  Eye

F ig .  4 .  I l l u s t r a t i o n  of th e  d i r e c t i o n  of r o t a t io n  r u l e .  H o r izo n ta l  

a r ro w s  r e p r e s e n t  R and  L t r i a n g l e s  in top  v i e w .  F ig ,  4A i n d i c a t e s  th a t  

a h e a d  or b e h ind  m ovem en t  c a n  be i n t e r p r e t e d  a s  c lo c k w i s e  or c o u n t e r ­

c l o c k w i s e  r o t a t i o n .  F ig .  4B sh o w s  th a t  for a s i n g l e  c y c l e  b eg in n in g  

w i th  s t im u l a t i o n  of th e  l e f t  e y e ,  th e  r o t a t i o n  is c l o c k w i s e  for bo th  n a s a l  

an d  t em p o ra l  c o n d i t i o n s .  For a c y c l e  b e g in n in g  w i th  the  r igh t  e y e ,  the .  • 

r o t a t io n  is  c o u n t e r c l o c k w i s e  (Fig.  4C) .
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Al though  it i s  p o s s i b l e  to  o b s e r v e  a s i n g l e  c y c l e  and  repor t  on the  

d i r e c t i o n  of r o t a t i o n ,  it  i s  more p r a c t i c a l  t o  p r e s e n t  th e  a l t e r n a t io n  s e ­

q u e n c e  r e p e t i t i v e l y  an d  o b ta in  r e p o r t s  of m ovem ent  a h e a d  or b e h i n d .

The p e r c e p t i o n  of m ovem en t  beh ind  for  N s t im u la t i o n  and  m ovem ent  

a h e a d  for  T s t i m u l a t i o n  is  e q u i v a l e n t  to  o b s e r v a t i o n s  w h ic h  a re  c o n s i s ­

t e n t  w i th  th e  d i r e c t io n  of r o t a t i o n  r u l e .

P a s t o r e  a n d  F e r r i s  s o u g h t  t o  v e r i f y  the  d i f f e r e n c e  b e tw e e n  N a nd  T 

c o n d i t i o n s  w i th  r e s p e c t  t o  type  of m ovem en t  p e r c e i v e d  for a l a rg e r  g roup  

(N=55) of o b s e r v e r s .  Two s t im u lu s  c a r d s ,  e a c h  w i th  an  N a nd  T a r r a n g e ­

m e n t ,  were  v i e w e d  in an  o r ig in a l  model  of the  B rew ste r  s t e r e o s c o p e .  

S t im uli  were  l / 2  i n .  w h i te  e q u i l a t e r a l  t r i a n g l e s  on a  b l a c k  b a c k g r o u n d .

The r igh t  a n d  le f t  s i d e s  were  e a c h  i l l u m in a t e d  by a s e p a r a t e  n e o n  b u lb .  

E ac h  b u lb  w a s  a l t e r n a t e l y  i l l u m in a t e d  for 500 m s e c . ;  the  i n t e r v a l  b e tw e e n  

p r e s e n t a t i o n s  w a s  a p p r o x im a te ly  z e r o .  The s e q u e n c e  (lef t  b u lb  o n ,  le f t  

b u lb  o f f ,  r ig h t  bu lb  o n ,  r ig h t  bu lb  off) r e c y c l e d  r e p e t i t i v e l y .  Ss g a v e  a 

r e p o r t  for  the  N c o n d i t i o n  a nd  the  T c o n d i t i o n  for e a c h  c a r d .  About 90% 

of th e  220 r e p o r t s  s p o n t a n e o u s l y  g iv e n  by the  Ss w ere  of o s c i l l a t i o n  in
4

d e p t h .  Of t h e s e  r e p o r t s ,  abo u t  73% of t h o s e  p e r t a in in g  to  N c o n d i t i o n s  

w e re  of m o v em en t  b e h in d ,  and  a b o u t  78% of t h o s e  p e r t a in in g  to  T c o n d i ­

t i o n s  w ere  of m ov em en t  a h e a d .  T h is  s t r o n g  t e n d e n c y  for N s t im u la t io n  to  

e l i c i t  p e r c e p t i o n  of m ovem en t  b e h in d  a n d  T s t im u la t i o n  t o  e l i c i t  p e r c e p ­

t io n  of m ovem en t  a h e a d  w a s  c o n s i s t e n t  w i th  p r e v io u s  r e s u l t s .

^ P a s t o r e ,  N .  & F e r r i s ,  S .  H .  I n t e r o c u la r  a p p a r e n t  m ovem en t  in 
d e p th :  A m otion  p r e d o m in a n c e  e f f e c t .  U n p u b l i s h e d  e x p e r i m e n t , 1967.

^The r e m a in in g  r e p o r t s  c o n c e r n e d  th e  fo l lo w in g  t y p e s  of p e rc e p t :  
A l t e r n a t io n  (no m o v em en t ) ,  a m ovem en t  in th e  p l a n e  w h ic h  Ss e x p r e s s e d  
d i f f i c u l t y  in d e f i n i n g ,  a n d  a  p e n d u lu m - l i k e  p l a n a r  r o ta t io n  in w h ic h  a 
v e r t e x  of th e  t r i a n g le  s e r v e s  a s  th e  a x i s  of r o t a t i o n .
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In order  t o  s im p l i fy  fu r the r  r e f e r e n c e  to  the  p h e n o m e n o n  v e r i f i e d  

a b o v e ,  th e  fo l lo w in g  t e rm in o lo g y  wil l  be in t ro d u c e d :  TIAM p r e d o m i ­

n a n c e  e f f e c t  w i l l  r e f e r  t o  the  t e n d e n c y  of N s t im u l a t i o n  t o  p ro d u ce  

m ovem ent  b e h in d  and  T s t i m u l a t i o n  to  p r o d u c e  m ovem en t  a h e a d .  The 

p r e s e n t  r e s e a r c h  is  a fu r th e r  i n v e s t i g a t i o n  of t h i s  p h e n o m e n o n .  The 

r a t i o n a l e  for  the  e x p e r i m e n t s  an d  th e  h y p o t h e s e s  t e s t e d  a re  d i s c u s s e d  

s e p a r a t e l y  in th e  in t r o d u c t io n  t o  e a c h  e x p e r i m e n t .  In Par t  1 of t h i s  

r epo r t  a  s e r i e s  of e x p e r i m e n t s  d e s i g n e d  to  e s t a b l i s h  the  g e n e r a l i t y  of 

the  TIAM p r e d o m in a n c e  e f f e c t  i s  d i s c u s s e d .  In Part 2 ,  a  t h e o r y  is  

p r o p o s e d  to  e x p la in  th e  e f f e c t  w h ic h  h y p o t h e s i z e s  the  i n v o lv e m e n t  of 

s t e r e o p s i s .  A s e c o n d  s e r i e s  of e x p e r im e n t s  d e s i g n e d  to  d e te rm in e  the  

v a l i d i t y  of the  th e o ry  is  then  d i s c u s s e d .



G e n e r a l  M e t h o d

Subj e c t s

A to ta l  of 101 u n d e r g r a d u a t e s  (33 m a le s  and  68 f e m a l e s ) ,  d e r iv e d  

c h ie f ly  from in t ro d u c to ry  p s y c h o l o g y  c o u r s e s ,  s e r v e d  a s  s u b j e c t s .

Four o th e r  Ss w ere  r e j e c t e d  b e c a u s e  of i n a b i l i t y  to  o b ta in  p ro p er  f u s i o n .  

Of th e  101 S s ,  82 r e tu r n e d  for a s e c o n d  e x p e r im e n ta l  s e s s i o n .  S e v e ra l  

e x p e r im e n t s  w e re  u s u a l l y  run in e a c h  s e s s i o n .  A v a i l a b i l i t y  a n d  c o n v e n ­

i e n c e  d e te r m in e d  in w h ic h  e x p e r im e n t s  an d  in how many a g iv e n  Ŝ  took  

p a r t .  The p r io r  p e rfo rm an c e  of an  S w as  n e v e r  a  f a c to r .

A ppara tus

T a c h i s t o s c o p e . A t h r e e - c h a n n e l  in s t ru m e n t  (S c ie n t i f i c  P ro to ty p e  

M odel  GB) w a s  u s e d  in E x p e r im e n ts  1 a nd  2 .  S t im u lus  f ig u re s  were  

draw n in h e a v y  b l a c k  p e n c i l  on 5 x 7  i n .  w h i te  c a r d s .  F i e ld s  1 a nd  2 

of the  t a c h i s t o s c o p e  w ere  u s e d  to  p r e s e n t  s t i m u l u s  c a rd s  for  the  r igh t  

a n d  le f t  s t im u lu s  f i g u r e s .  W h en  d e s i r e d ,  F ie ld  3 w a s  u s e d  to  p r e s e n t  

a c e n t r a l  red  f ix a t io n  c r o s s .  The v iew in g  d i s t a n c e  w as  48 in .  The e y e ­

p i e c e s  of the  t a c h i s t o s c o p e  c o n ta in e d  tw o  o p p o s i t e l y  o r i e n t e d  p o la r i z in g  

f i l t e r s  s e p a r a t e d  by a s e p t u m .  I n s e r t i o n  of a p p ro p r ia te  p o l a r i z in g  f i l t e r s  

in to  F ie ld s  1 and  2 p e rm i t t e d  the  s e p a r a t e  s t im u l a t i o n  of the  tw o  e y e s .  

T hus  the  s t im u l i  c o u ld  be  p r e s e n t e d  i n t e r o c u l a r l y  a s  w e l l  a s  b in o c u la r ly  

an d  m o n o c u la r ly .  W h e n  the  f i l t e r s  w ere  i n s e r t e d ,  i l l u m in a t io n  l e v e l s  

w ere  i n c r e a s e d  in o rder  t o  r e t a i n  s t im u lu s  b r i g h t n e s s  e q u a l  t o  th a t  w i t h ­

out  f i l t e r s .  In o rder  t o  p ro d u ce  AM, th e  r ig h t  a nd  le f t  f i e l d s  w e re  a l t e r ­

n a t e l y  i l l u m in a t e d  for 500 m s e c ,  w i th  a 50 m s e c ,  i n t e r s t i m u l u s  i n t e r v a l .  

A l te rn a t io n  c y c l e d  c o n t i n u o u s l y  a n d  a u t o m a t i c a l l y ,  w i th  th e  f ix a t io n  c r o s s  

(F ie ld  3) i l l u m in a t e d  a t  a l l  t i m e s .  Viewing  to o k  p l a c e  in a  l igh ted  room .

S t e r e o s c o p e .  In a l l  o th e r  e x p e r i m e n t s  a  m o d if ied  t e l e b i n o c u l a r
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s t e r e o s c o p e  (Keystone  N o .  46 T e le b in o c u la r )  w a s  u s e d .  T h is  i n s t r u m e n t  

h as  a s t a n d a r d  s t i m u l u s  c a r d  h o ld e r  w h i c h  s l i d e s  on  a t r a c k  b e h in d  the 

v i e w e r .  It w a s  m od if ied  by s u b s t i t u t i n g  an  o p a q u e  box  w i th  an  o p en  

front  f a c e  for the  s t a n d a r d  h o ld e r .  A p a r t i t i o n  i n s i d e  the  box formed 

s e p a r a t e  r igh t  and  le f t  c h a m b e r s .  A 2 w a t t  neon  bu lb  (GE NE-34) w a s  

p l a c e d  a t  t h e  r e a r  of e a c h  c h a m b e r .  The tw o  b u lb s  were  w ired  to  a f o u r -  

c h a n n e l  t im ing  r e l a y  (H un te r  M ode l  1514) by  m e a n s  of tw o  t h r e e - p o s i t i o n  

s w i t c h e s  w h ic h  w ere  m o u n te d  a d j a c e n t  t o  e a c h  o th e r  on to p  of the  b o x .  

W i t h  b o th  s w i t c h e s  in  p o s i t i o n  1 th e  b u lb s  were  off ,  in p o s i t i o n  2 t h e y  

w ere  s t e a d i l y  o n ,  and  in  p o s i t i o n  3 th e  b u lb s  a l t e r n a t e d  on a n d  off 

r e p e t i t i v e l y .  The p a r a m e t e r s  of s t i m u l a t i o n  w ere  a g a i n  5 00 m s e c ,  on ,  

an d  50 m s e c ,  b e tw e e n  p r e s e n t a t i o n s .  The r ig h t  a n d  le f t  s t im u lu s  f ig u r e s  

w e re  d raw n  in dark  p e n c i l ,  on one  5 x 7  in .  w h i te  c a r d ,  w i th  a 3 i n .  

s e p a r a t i o n  b e tw e e n  the  l i n e s  t o  be  f u s e d .  S t im u lu s  c a r d s  w ere  i n s e r t e d  

in a s l o t  a t  th e  o p e n  f a c e  of th e  b o x .  S in c e  th e  c a r d s  w ere  t r a n s l u c e n t ,  

the  r ig h t  an d  l e f t  f i e l d s  w e re  s e p a r a t e l y  a n d  un iform ly  i l l u m in a t e d  from 

b e h in d  by  th e  tw o  n e o n  b u l b s .  The s t im u lu s  p r e s e n t a t i o n  w a s  a l w a y s  

i n t e r o c u l a r .  By s l i d in g  th e  box  a lo n g  the  t r a c k ,  th e  s u b j e c t  w a s  a b le  

to  a d j u s t  the  d i s t a n c e  of th e  s t i m u l u s  c a r d  in o rde r  to  o b ta in  f u s io n  of 

a p p r o p r i a t e  l i n e s  of th e  r igh t  a n d  l e f t  s t im u lu s  p a t t e r n s  . V iewing  

d i s t a n c e  t h u s  v a r i e d  for d i f f e r e n t  S s ,  but  t h e  a v e r a g e  w a s  a b o u t  6 - 1 / 2  

i n .  It  w a s  no t  p r a c t i c a l  t o  d e te rm in e  s t im u lu s  s i z e s  in t e rm s  of r e t i n a l  

a n g le  s i n c e  t h e  am ount  of m a g n i f i c a t i o n  p r o d u c e d  by th e  s t e r e o s c o p e ' s  

l e n s  s y s t e m  v a r i e s  a s  a  f u n c t io n  of v i e w in g  d i s t a n c e .  V iewing  took  

p l a c e  in a  d a rk  c u b i c l e .

P ro c ed u re

Prior  to  t h e i r  i n i t i a l  s e s s i o n  e a c h  S w a s  g iv e n  th e  fo l lo w in g  g e n e r a l
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i n s t r u c t i o n s  b e fo re  loo k ing  in to  th e  v iew er :

This  e x p e r im e n t  h as  n o th in g  a t  a i l  t o  do  w i th  p e r s o n a l i t y  or 
i n t e l l i g e n c e ,  s o  do  not look  for a n y  h id d en  m e a n i n g s .  A l s o ,  th e re  
a r e  no  r ig h t  or wrong a n s w e r s .  The e x p e r im e n t  s im p ly  in v o lv e s  
r e p o r t i n g  w h a t  you s e e ,  a n d  w h a t e v e r  you  s e e  d e t e r m i n e s  your  
a n s w e r s .  Anything  you s e e  i s  c o r r e c t .

The r ig h t  a n d  l e f t  s t i m u l u s  f i g u r e s  w ere  i n t e r o c u l a r l y  p r e s e n t e d .

Both f i g u r e s  w e re  i l l u m in a t e d  s i m u l t a n e o u s l y  a n d  c o n t i n u o u s l y .  W h en  

th e  t a c h i s t o s c o p e  w a s  u s e d ,  a p p r o p r i a t e  s w i t c h e s  w ere  o p e r a t e d  by  II.

But w i th  th e  s t e r e o s c o p e ,  £5 w a s  i n s t r u c t e d  t o  move  bo th  s w i t c h e s  on the  

box  in to  p o s i t i o n  2 .  It w a s  th e n  a s c e r t a i n e d  w h e th e r  S p e r c e i v e d  a v i s ­

u a l  f i e ld  in w h ic h  a p p ro p r i a t e  p o r t io n s  of the  two f ig u re s  {such a s  th e  tw o  

f ix a t io n  l i n e s )  w ere  f u s e d .  W i th  th e  t a c h i s t o s c o p e ,  it  s o m e t i m e s  to o k  S 

a  few  s e c o n d s  t o  o b ta in  f u s i o n .  W i th  th e  s t e r e o s c o p e ,  S w a s  a l l o w e d  to  

a d j u s t  t h e  p o s i t i o n  of the  box  to  f a c i l i t a t e  p ro p e r  f u s i o n .  S w a s  now  to ld  

w h ic h  p a r t  of th e  s t im u lu s  f i e ld  he w a s  t o  f i x a t e  u p o n .  D e p e n d in g  on th e  

e x p e r i m e n t ,  e i t h e r  a  s e p a r a t e  r e d  c r o s s ,  the  v e r t i c a l  l i n e  j o in in g  th e  tw o  

f i g u r e s ,  or a s e p a r a t e  l in e  b e t w e e n  th e  f ig u re s  w a s  u s e d  for f i x a t i o n .

The tw o  f ig u re s  w ere  n e x t  p r e s e n t e d  in a l t e r n a t i o n .  W i th  t h e  t e l e ­

s t e r e o s c o p e ,  t h i s  w a s  a c c o m p l i s h e d  by i n s t r u c t i n g  to  move the  s w i t c h e s  

t o  p o s i t i o n  3 .  S w a s  now g iv e n  th e  fo l lo w in g  i n s t r u c t i o n s :

You s h o u ld  now s e e  a s i n g l e  t r i a n g l e  in m o tion  from s i d e  to  s i d e .  Is  
t h a t  c o r r e c t ?  ^ w a i t e d  for J3's r e s p o n s e  J  As the t r i a n g le  f l ip s  from one 
p o s i t i o n  t o  th e  o th e r ,  t h e  p o in t  of the  t r i a n g l e  may sw in g  in  d e p t h ,  e i t h e r  
to w a rd  y o u ,  a h e a d  of th e  p l a n e ,  or a w a y  from y o u ,  b e h in d  th e  p l a n e .  Do 
you  s e e  i t  tu rn  in d e p th ?  W h ic h  do  you  s e e ,  m otion  to w a rd  you  or a w a y  
from y o u ?

The a p p a r a t u s  w a s  now tu rn e d  o f f .  For th e  s t e r e o s c o p e ,  t h i s  w a s  

a c c o m p l i s h e d  by hav ing  S move the  s w i t c h e s  t o  p o s i t i o n  1. T h e n ,  u s in g  

a  p e n c i l  t o  s i m u la t e  the  m oving  t r i a n g l e ,  II d e m o n s t r a t e d  to  S the  ty p e  of 

m o tion  s e e n  in o rder  t o  v e r i fy  the  v e r b a l  r ep o r t  of m otion  a h e a d  or b e h in d .  

The a l t e r n a t e  ty p e  of motion  ( a h e a d  or beh ind )  w a s  th e n  d e m o n s t r a t e d  a n d
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w a s  t o ld  th e  fo l low ing :

Your t a s k  is v e ry  s i m p l e .  There  w i l l  b e  a s e r i e s  of t r i a l s .  E ach  
t im e  you lo o k  in to  th e  v i e w e r  you a re  t o  w a t c h  the t r i a n g le  move b a ck  
a n d  fo r th  a few t im e s  a n d  t h e n  r e p o r t  w h e th e r  th e  m otion  is  a h e a d  or 
b e h in d .  You may a l w a y s  s e e  it  one  way  or the  o th e r ,  or you may 
s o m e t i m e s  s e e  it  a h e a d  a n d  o th e r  t im e s  b e h i n d .  If the  m ovem en t  you 
p e r c e i v e  sh o u ld  c h a n g e  in t h e  m idd le  of a  t r i a l ,  r ep o r t  the  in i t i a l  
m o t io n .  R em em ber ,  th e re  a re  no r igh t  or wrong a n s w e r s .

W h e n  the  s t e r e o s c o p e  w a s  u s e d ,  the  fo l lo w ing  a d d i t i o n a l  i n s t r u c ­

t i o n s  w e re  g iven :

At t h e  s t a r t  of e a c h  t r ia l  you a re  f i r s t  to  move th e  s w i t c h e s  to  
p o s i t i o n  2 a n d  v i e w  the  s t a t i o n a r y  f i e ld  t o  be su re  you s e e  it  p r o p e r l y .
If you have  a n y  d i f f i c u l t y ,  you  may make a d j u s t m e n t s  in the  p o s i t i o n  
of  the  b o x .  As s o o n  a s  you  s e e  the  f ig u re s  c o r r e c t l y ,  move th e  s w i t c h e s  
t o  p o s i t i o n  3 .  T hen  rep o r t  on the  n a tu re  of th e  m otion  you  p e r c e i v e  and  
i m m e d ia te ly  turn  the  s w i t c h e s  t o  p o s i t i o n  1.

H a v ing  S3 v i e w  the  s t a t i o n a r y  f i e ld  p r io r  to  e a c h  m otion  r ep o r t  w i th  

th e  s t e r e o s c o p e  l e d  t o  p ro p er  f i x a t io n  a t  th e  s t a r t  of e a c h  t r i a l .  For 

b o th  i n s t r u m e n t s ,  the  p o in t  w i th in  a t im ing  c y c l e  th a t  e a c h  t r ia l  b e g a n  

w a s  e n t i r e l y  r a n d o m .  The m otion  w a s  g e n e r a l l y  v i e w e d  for  1-4  s e c . ,  

d e p e n d in g  upon how lo n g  i t  took  S to  m ake  a r e p o r t .  The in te r t r i a l  

p e r io d  w a s  abo u t  15 s e c .  w hen  th e  t a c h i s t o s c o p e  w a s  u s e d  a n d  a b o u t  

10 s e c .  w i t h  the  s t e r e o s c o p e .

A d d i t io n a l  i n s t r u c t i o n s  w e re  s o m e t im e s  g iv e n  w h ic h  w ere  s p e c i f i c  

t o  the  c o n d i t i o n s  of th e  p a r t i c u l a r  e x p e r im e n t  i n v o l v e d .  W h e n  a n  S 

r e t u r n e d  for a  s e c o n d  s e s s i o n ,  he w a s  r em in d ed  of the  p r o c e d u re  a n d  

of the  ty p e  of m otion  r e p o r t s  t o  be  m a d e .

E ach  of the  s t i m u l u s  a r r a n g e m e n t s  w a s  p r e s e n t e d  t e n  t i m e s ,  in 

random  o rd e r .  For e x a m p l e ,  w i th  four  c o n d i t i o n s  th e r e  a re  24 p o s s i b l e  

s e q u e n c e s .  For e a c h  S, t e n  of t h e s e  p o s s i b l e  o rd e rs  w e re  rand o m ly  

s e l e c t e d  to  d e te r m in e  th e  o rder ing  of e a c h  of the  t e n  s u c c e s s i v e  four 

t r i a l  s e q u e n c e s  .

E r e c o r d e d  a n  ' ' a h e a d "  or " b e h in d "  r e p o r t  for e a c h  t r i a l .  O c c a s i o n -
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a l ly  th e re  w e re  r e p o r t s  e i t h e r  of a ful l  3 60 r o ta t io n  or of a p endu lum  

m otion  in th e  p l a n e .  T h e s e  r e s p o n s e s ,  w h ic h  o c c u r re d  in l e s s  t h a n  

1% of the  t r i a l s ,  w e re  not  r e c o r d e d ;  t h e  t r ia l  w a s  r e p e a t e d  l a t e r  in the  

s e r i e s .  T hus  in so m e  c a s e s  a  few e x t r a  t r i a l s  were  p r e s e n t e d ,  but  a 

f ixed  num ber  of r e p o r t s  w e re  a l w a y s  r e c o r d e d .  The num ber  of a h e a d  

r e p o r t s  (out of ten)  for e a c h  on e a c h  s t i m u l u s  c o n d i t i o n  w a s  c h o s e n  

a s  th e  m e a s u r e  of m otion  p r e f e r e n c e .  S t a t i s t i c a l  a n a l y s i s  of t h i s  m e a s ­

ure i n v o lv e d  ANOVA ( r e p e a t e d  m e a s u r e s  d e s i g n ) ,  a n d  t h i s  a n a l y s i s  w a s  

f o l lo w e d ,  w h e n  a p p r o p r i a t e ,  by th e  S c h e f fe ^ m u l t ip le  c o m p a r i s o n  t e s t  

(W ine r ,  1962) .  In c a s e s  w h e re  the  h o m o g e n e i ty  of v a r i a n c e  a s s u m p t io n  

w a s  not  m e t ,  th e  F r iedm an  t e s t  ( S ie g e l ,  1956) w a s  u s e d  in a s c e r t a i n  

w h e th e r  th e  c o n c l u s i o n s  b a s e d  on ANOVA w e re  v a l i d .
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Part  I

The G e n e r a l i t y  of t h e  TIAM P re d o m in a n c e  Effec t



The TIAM p r e d o m in a n c e  e f f e c t  h a s  b e e n  d e m o n s t r a t e d  und e r  r e l a t i v e l y  

r e s t r i c t e d  c o n d i t i o n s .  In o rder  to  d e te rm in e  the  g e n e r a l i t y  of the  e f f e c t ,  

e x p e r i m e n t s  were  d e s i g n e d  t o  a n s w e r  th e  fo l lo w in g  q u e s t i o n s :

1. Is the  e f f e c t  u n ique  t o  the  B rew s te r  s t e r e o s c o p e ?

2 .  D o es  the  e f f e c t  o c c u r  on ly  for i n t e r o c u l a r  s t im u lu s  p r e s e n t a t i o n ?

3.  D o e s  the  e f f e c t  o c c u r  w h en  the re  i s  b e t t e r  co n tro l  over  eye  

f i x a t io n ?  Are e y e m o v e m e n t s  r e l a t e d  t o  th e  e f f e c t ?

4 .  Is  the  e f f e c t  u n iqu e  to  a t r i a n g u la r  f i g u r e ?

5 .  Are N a n d  T the  only i n t e r o c u l a r  c o n d i t i o n s  for w h ic h  the  e f f e c t  

o c c u r s  ?

6 .  C a n  th e  s t r e n g t h  of t h e  e f f e c t  be  i n c r e a s e d  by p r e s e n t i n g  

c o n t r a s t i n g  a r r a n g e m e n t s  s i m u l t a n e o u s l y ?

7 .  D o e s  th e  e f f e c t  o c c u r  w hen  the  TIAM i s  in  a  v e r t i c a l  r a t h e r  th a n  

a  h o r i z o n ta l  d i r e c t i o n ?

8 .  Is  the  e f f e c t  i n f lu e n c e d  by  the  am o u n t  of h o r i z o n ta l  s e p a r a t i o n  

b e tw e e n  f igure  and  f ix a t io n  l i n e ?
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E x p er im en t  1: B in o c u la r ,  M o n o c u la r  an d  In t e r o c u la r  

T a c h i s t o s c o p i c  P r e s e n t a t i o n  

S ince  t h e  B rew s te r  s t e r e o s c o p e  w a s  the  on ly  in s t r u m e n t  u s e d  in the  

tw o  p r e l im in a r y  e x p e r i m e n t s ,  it i s  p o s s i b l e  t h a t  the  TIAM p re d o m in a n c e  

e f f e c t  i s  a  fu n c t io n  of t h i s  a p p a r a t u s .  F u r th e rm o re ,  the  f i x a t i o n  l in e  w a s  

i n t e r o c u l a r l y  p r e s e n t e d .  W h i le  one e y e  w a s  s t i m u l a t e d ,  no f i x a t io n  l in e  

w a s  p r e s e n t e d  to  the  o th e r  e y e .  Thus  p ro p e r  f ix a t io n  may no t  have  b e en  

m a i n t a i n e d ,  p o s s i b l y  c o n t r ib u t in g  to  the  p r e d o m in a n c e  e f f e c t .  A l so ,  

m o tion  r e p o r t s  p e r t a in in g  to  o s c i l l a t i o n  in d e p th  have  not  b e e n  o b t a i n e d  

for b i n o c u l a r  a n d  m o n o c u la r  s t i m u l u s  p r e s e n t a t i o n .  The p r e s e n t  e x p e r i ­

ment  w a s  d e s i g n e d  to  d e te rm in e  w h e th e r  t h e  p r e d o m in a n c e  e f f e c t  o c c u r s  

w i th  a n o th e r  a p p a r a t u s ,  w h e th e r  th e  e f f e c t  o c c u r s  w h e n  the  f i x a t i o n  s t i m ­

u lu s  i s  p r e s e n t e d  c o n t i n u o u s l y  t o  bo th  e y e s ,  a n d  w h e th e r  th e  e f f e c t  o c c u r s  

on ly  for  i n t e r o c u l a r  s t i m u l u s  p r e s e n t a t i o n .  The t a c h i s t o s c o p e , the  i n s t r u ­

ment  u s e d  in the  p r e s e n t  e x p e r i m e n t ,  d i f f e r s  from a s t e r e o s c o p e  in t h a t  it 

d o e s  no t  h a v e  a  l e n s  s y s t e m .  T h is  in s t r u m e n t  p e rm i t s  c o n t i n u o u s  b i n o c ­

u la r  p r e s e n t a t i o n  of a  f ix a t io n  s t i m u l u s  a n d  p e rm i t s  b i n o c u l a r  and  m o n o c ­

u la r  a s  w e l l  a s  i n t e r o c u l a r  p r e s e n t a t i o n  of s t i m u l i .

M e th o d

S u b j e c t s  a n d  S t im u lu s  C o n d i t i o n s

T w en ty  S^s, a p p e a r in g  for th e  f i r s t  t i m e ,  w ere  u s e d .  The s t im u l i  

w ere  tw o  e q u i l a t e r a l  t r i a n g l e s ,  1 - 1 / 2  i n .  on a s i d e ,  p o in t in g  in o p p o s i t e  

d i r e c t i o n s  ( s e e  F ig .  5A). E ach  t r i a n g le  s u b t e n d e d  a h o r i z o n ta l  r e t i n a l  

a n g le  of 1 - 1 / 2 ° .  T here  w ere  f iv e  c o n d i t i o n s :

B in o cu la r  (B). The tw o  t r i a n g l e s  w e re  p r e s e n t e d  t o  b o th  e y e s  

s i m u l t a n e o u s l y .

Right e y e  (R) . The t r i a n g l e s  w ere  p r e s e n t e d  to  th e  r igh t  e y e  o n ly ,  

l e f t  e y e  o c c l u d e d .



F ig .  5. C o m b in e d  v i s u a l  f i e ld s  of E xper im ent  l (5A) a n d  

E xper iment  2 (5A and  5B).
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Left  e v e  (L). The t r i a n g l e s  w e re  p r e s e n t e d  to  the  l e f t  ey e  o n ly ,  

r igh t  e y e  o c c l u d e d .

N a s a l  (N ) , The r ig h t  t r i a n g le  w a s  p r e s e n t e d  to  the  r ig h t  eye  a n d  

l e f t  t r i a n g l e  to  th e  l e f t  e y e ,  l e a d in g  t o  n a s a l  s t im u la t io n  of e a c h  r e t i n a .

T em pora l  (T). The r igh t  t r i a n g le  w a s  p r e s e n t e d  t o  th e  l e f t  e y e  and  

le f t  t r i a n g le  to  the  r igh t  e y e ,  l e a d in g  to  t e m p o ra l  s t i m u l a t i o n  of e a c h  

r e t i n a .

P ro ced u re

After  r e c e i v i n g  th e  g e n e r a l  i n s t r u c t i o n s  a n d  b e f c r e  b e in g  sho w n  th e  

s t a t i o n a r y  v i e w  of th e  tw o  t r i a n g l e s ,  th e  b in o c u l a r  f ix a t io n  c r o s s  (F ie ld  

3) w a s  e x p o s e d .  S w a s  i n s t r u c t e d  t o  f i x a t e  on th e  c r o s s  a t  a l l  t i m e s .

After r e c e i v i n g  the  r e m a in in g  i n s t r u c t i o n s ,  S s  w ere  g iv e n  th e  fo l lo w in g  

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

G e n e r a l l y  you w i l l  u s e  b o th  e y e s  t o  v i e w  th e  t r i a n g l e s .  H o w e v e r ,  
s o m e t im e s  I w i l l  w a n t  you t o  u se  e i t h e r  th e  r ig h t  e y e  a lo n e  or the  l e f t  
e y e  a l o n e .  If I s a y  "r ight e y e "  or " lef t  e y e "  be fo re  a  t r i a l ,  s im p ly  
c l o s e  or c o v e r  the  o th e r  e y e  dur ing  the  v i e w in g  p e r i o d .  If I do  not 
s p e c i f y  w h ic h  e y e  to  u s e ,  t h e n  u se  b o th  e y e s .

The s t i m u l i  were  p r e s e n t e d  in a l t e r n a t i o n  and  d a ta  w e re  c o l l e c t e d  

for the  f ive  c o n d i t i o n s .

R e s u l t s

The r e s u l t s  a re  s u m m a r iz e d  in T a b le  1. See  A ppend ix  II for in d iv id u a l  

s u b j e c t  d a t a  and  su m m a r i e s  of s t a t i s t i c a l  a n a l y s i s  for a l l  e x p e r i m e n t s .  

T here  w a s  a  s i g n i f i c a n t  d i f f e r e n c e  in f r e q u e n c y  of a h e a d  r e p o r t s  for  th e  

f iv e  c o n d i t i o n s  ( £ = 7 . 1 2 ,  d f = 4 /7  6, £ < .  01) .  The r e s u l t s  for th e  n o n ­

i n t e r o c u l a r  c o n d i t i o n s ,  B, R a nd  L, d id  not  d i f fe r  s i g n i f i c a n t l y  from e a c h  

o th e r  f e >  . 0 5 ) .  S l ig h t ly  more t h a n  ha lf  of the  r e p o r t s  w e re  a h e a d  for B 

a nd  R, a n d  s l i g h t l y  l e s s  th a n  ha lf  for  L. The T c o n d i t io n  r e s u l t e d  in the  

g r e a t e s t  num ber  of a h e a d  r e p o r t s ,  a l t h o u g h  not s i g n i f i c a n t l y  g r e a t e r  t h a n



31.

TABLE 1

E xper im en t  1: M e a n  "Ahead"  for M o n o c u l a r ,  B inocu la r

and  I n t e r o c u la r  S t im u lus  P r e s e n t a t i o n

S t im u lu s

c o n d i t i o n
M e a n  " a h e a d " S . D .

B in o cu la r 5 . 5 0 2 . 9 7

Right  e y e 5 . 1 0 2 . 14

Left e y e 4 . 5 0 2 .67

N a s a l 3 . 1 0 2 . 7 0

T em pora l 5 . 7 0 2 .49
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B, R or L ( £ ' s > . 05 ) .  H o w e v e r ,  for th e  N c o n d i t i o n ,  more t h a n  t w o - t h i r d s  

of th e  re p o r t s  w e re  of m otion  b e h in d ,  a n d  t h i s  d i f f e red  s i g n i f i c a n t l y  from 

th e  T, a s  w e l l  a s  the  B a n d  R c o n d i t i o n s  ( £ ' s  < .  01) .  T h u s ,  tem p ora l  

s t i m u l a t i o n  p r o d u c e d  r e s u l t s  w h ic h  w ere  s im i l a r  to  the  b i n o c u l a r  and  

m o n o cu la r  r e s u l t s ,  but  d i f f e r e d  from the  r e s u l t s  for n a s a l  s t i m u l a t i o n .

I n d iv id u a l  d i f f e r e n c e s  were  a p p a r e n t .  Some Ss t e n d e d  to  favor  m o­

t io n  a h e a d  a n d  o th e r s  m otion  beh ind ,  w h i l e  som e  s h o w e d  no p a r t i c u l a r  

p r e f e r e n c e .  A few p e r c e i v e d  the  m otion  in one p a r t i c u l a r  w a y  r e g a r d l e s s  

of c o n d i t i o n .  H o w e v e r ,  th e re  w ere  more a h e a d  r e p o r t s  for T s t i m u l a t i o n  

t n a n  for  N s t im u l a t i o n  for 15 of the  20 Ss , the  d i f f e r e n c e  e x c e e d i n g  tw o  

for ha lf  of th e  s u b j e c t s .  In  no c a s e  d id  th e  number  of a h e a d s  for N e x ­

c e e d  the  num ber  for T .  P a r e n t h e t i c a l l y ,  a  few  Ss r e m a rk e d  t h a t  the  

f i x a t i o n  c r o s s  w a s  d i s t r a c t i n g .

D i s c u s s i o n

The d i f f e r e n c e  in p e r c e i v e d  m ot ion  b e t w e e n  N a n d  T c o n d i t i o n s  i s  

c o n s i s t e n t  w i th  th e  r e s u l t s  of th e  tw o  p re l im in a ry  e x p e r i m e n t s .  T hus  

more th a n  ha l f  of the  T r e p o r t s  w ere  a h e a d ,  a n d  more th a n  t w o - t h i r d s  

of the  N r e p o r t s  w e re  b e h i n d .  S in c e  t h e  TIAM p r e d o m in a n c e  e f f e c t  h a s  

b e e n  co n f i rm ed  w i th  the  t a c h i s t o s c o p e , t h i s  p h e n o m e n o n  d o e s  not  

d e p e n d  on th e  u s e  of a  p a r t i c u l a r  a p p a r a t u s .  I n a s m u c h  a s  th e  B, R and 

L c o n d i t i o n s  d id  not  d i f fe r  from e a c h  o t h e r ,  t h e  p r e d o m in a n c e  e f f e c t  is  

s p e c i f i c  to  i n t e r o c u l a r  s t i m u l a t i o n .

In t h i s  e x p e r im e n t  a  c o n t i n u o u s l y  v i s i b l e  b i n o c u l a r  f i x a t io n  c r o s s  

w a s  u s e d .  As a  r e s u l t ,  p ro p e r  f i x a t io n  a n d  f u s i o n  w a s  more  l i k e l y  to  

h av e  b e e n  m a i n t a i n e d  th a n  in the  tw o  o r ig ina l  e x p e r i m e n t s .  T h e r e f o r e ,  

l a c k  of a d e q u a t e  c o n t ro l  o v e r  f ix a t io n  in t h o s e  s t u d i e s  i s  not  l i k e l y  to  

h av e  b e e n  r e l a t e d  t o  th e  p r e d o m in a n c e  e f f e c t .  H o w ev e r ,  s i n c e  th e



p r e s e n c e  of th e  b i n o c u l a r  f i x a t io n  c r o s s  m ay  have  b e e n  d i s t r a c t i n g ,  

may  hav e  a f f e c t e d  th e  r e s u l t s .
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E xper im en t  2: The Role of S t im u lu s  Shape  

and  B inocu la r  F ix a t io n  

One p u r p o s e  of t h i s  e x p e r im e n t  w a s  t o  d e te r m in e  w h e th e r  th e  TIAM 

p r e d o m in a n c e  e f f e c t  o c c u r s  on ly  for  t r i a n g l e s .  F re q u e n c y  of a h e a d  r e ­

p o r t s  for N a n d  T c o n d i t i o n s  were  c o m p a r e d  for t r i a n g l e s  a n d  s e m i c i r c l e s .  

A s e c o n d  p u r p o s e  of the  e x p e r im e n t  w a s  to  d e te rm in e  w h e th e r  the  p r e s e n c e  

of th e  b in o c u l a r  f ixa t ion  c r o s s  i n f l u e n c e s  th e  p r e d o m in a n c e  e f f e c t .

M e th od

S u b j e c t s  a n d  A p p a ra tu s

For ty  S s ,  a p p e a r in g  for  th e  f i r s t  t im e ,  w ere  u s e d .  The t a c h i s t o s c o p e  

w a s  a g a i n  u s e d  to  p r e s e n t  s t i m u l i .

S t im u lus  C o n d i t i o n s

T here  w ere  th re e  t r e a tm e n t  v a r i a b l e s :

S t im u lu s  s h a p e . The t r i a n g l e  f ig u re s  of E xper im ent  1, and  s e m i ­

c i r c l e s ,  2 - 3 / 4  i n .  in  d i a m e t e r  ( s e e  F ig .  5B) w e re  u s e d .  The s e m i c i r c l e s
. o

s u b t e n d e d  the  s a m e  1 - 1 / 2  h o r i z o n ta l  r e t i n a l  a n g le  a s  d id  th e  t r i a n g l e s .

R e t ina l  s t i m u l a t i o n . N a n d  T m o d e s  of p r e s e n t a t i o n ,  a s  d e s c r i b e d  

in E xper im en t  1, w e re  u s e d  for  e a c h  of th e  t w o  s t im u lu s  s h a p e s .

F ix a t io n  g r o u p . The 40 Ss w e re  d i v id e d  in to  tw o  g ro u p s  of 2 0 .  For 

th e  C r o s s  G r o u p , t h e  c o n t i n u o u s l y  v i s i b l e  b i n o c u l a r  f i x a t i o n  c r o s s  of 

E xper im en t  1 w a s  u s e d .  For th e  N o - C r o s s  G r o u p , the  c r o s s  w a s  not 

p r e s e n t e d  a n d  th e  c e n t r a l  v e r t i c a l  l in e  of t h e  c o m b in e d  s t i m u l u s  p a t t e r n  

w a s  u s e d  for f i x a t i o n .  S t im uli  for e a c h  of the  four c o n d i t i o n s  (N a n d  T 

for e a c h  s h a p e )  w e re  p r e s e n t e d  to  e a c h  g r o u p .

P ro ced u re

Ss of th e  C r o s s  Group w ere  i n s t r u c t e d  t o  f i x a t e  on the  b i n o c u l a r  

f ix a t io n  c r o s s .  W h e n  e a c h  t r ia l  w a s  b e g u n ,  the  a l t e r n a t i n g  f ig u re s



w ere  p r e s e n t e d  i m m e d ia t e l y .  T h is  w a s  no t  th e  c a s e  for the  N o - C r o s s  

G r o u p .  W h e n  th e  c o m b in e d  v i s u a l  f i e ld  w a s  p r e s e n t e d  dur ing  th e  i n ­

s t r u c t i o n  p e r i o d ,  Ss of t h i s  g roup  were  i n s t r u c t e d  t o  f ix a te  on the 

m idd le  v e r t i c a l  l i n e .  Prior t o  e a c h  motion  t r i a l ,  the  com b in ed  v i s u a l  

f i e ld  w a s  a g a i n  p r e s e n t e d  c o n t i n u o u s l y .  A l te rn a t io n  w a s  i n t r o d u c e d  

a nd  a  r e p o r t  o b t a i n e d  on ly  a f t e r  £> i n d i c a t e d  th a t  p ro p e r  f u s io n  had  b e e n  

a c h i e v e d .  T h is  p r o c e d u r e  r a r e l y  took  more t h a n  one cr tw o  s e c .  a n d  

in s u r e d  t h a t  th e re  w a s  p ro p e r  f u s io n  a n d  f i x a t io n  a t  th e  s t a r t  of e a c h  

t r i a l .

R e s u l t s

N v s . T

The r e s u l t s  for  t h e  N a n d  T c o n d i t i o n s  d i f f e r e d  s i g n i f i c a n t l y  

(£= 5 9 . 4 9 ,  d f - 1 / 3 8 ,  £ < . 0 0 l ) ,  and  th e  d i f f e r e n c e  b e tw e e n  m e a n s  o c ­

c u r r e d  r e g a r d l e s s  of s t i m u l u s  sh ap e  or f ix a t io n  group  ( s e e  T a b le  2) .  

O v e r a l l  N a n d  T f r e q u e n c y  a h e a d  m e a n s  w e re  2 . 4 2  an d  5 . 4 1  r e s p e c t i v e l y .  

T h u s ,  more t h a n  ha l f  of th e  T r e p o r t s  w e re  a h e a d ,  w h e r e a s  more th an  

t h r e e - f o u r t h s  of th e  N r e p o r t s  w ere  b e h i n d .

T r ia n g le s  v s .  S e m ic i r c l e s

The r e s u l t s  for t h e  tw o  s h a p e s  d i f f e r e d  s i g n i f i c a n t l y  ( F = 1 5 .4 5 ,  

df= 1 / 3 8 ,  £ < . 0 0 1 ) .  R e g a r d l e s s  of r e t i n a l  s t im u la t i o n  or f i x a t io n  g ro u p ,  

the  m e a n  num ber  of a h e a d s  w a s  low er  for the  s e m ic i r c l e  c o n d i t i o n s  th an  

for th e  t r i a n g l e  c o n d i t i o n s .  The o v e ra l l  s e m i c i r c l e  m e a n  w a s  3 . 2 8  a s  

co m p a re d  to  th e  t r i a n g le  m ea n  of 4 . 4 6 .

C r o s s  v s .  N o - C r o s s

The r e s u l t s  for the  tw o  f i x a t i o n  g rou p s  a l s o  d i f f e r e d  s i g n i f i c a n t l y  

(F=4 . 6 4 ,  df= l / 3 8 , £ < . 0 5 ) .  T here  w ere  lo w e r  a h e a d  m e a n s  for the  N o -  

C r o s s  G ro u p ,  r e g a r d l e s s  of r e t i n a l  s t im u la t i o n  or s t im u lu s  s h a p e .  O v e r -
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TABLE 2

E xper im ent  2: M e a n  "Ahead"  a s  a F u n c t io n  of

R e t ina l  S t im u la t i o n ,  S t im u lu s  S h a p e  

an d  F ix a t io n  ( C r o s s  v s .  N o - C r o s s )

S t im u lus

c o n d i t i o n
M e a n  " a h e a d " S .  D .

C r o s s  G roup  

T r ia n g le  

N 3 .4 5 2 . 7 8

T 6 .4 5 2 .73

S e m ic i rc l e

N 2 .65 2 . 6 7

T 5 .8 5 3 . 2 0

N o - C r o s s  Group 

T r ia n g le  

N 2 . 10 2 .14

T 5 .8 5 3.  18

S e m ic i rc l e

N 1 ,1 0 1 .48

T 3 . 5 0 3 .0 9
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a l l  C r o s s  a nd  N o - C r o s s  G roup  m e a n s  w ere  4 . 6 4  a n d  3 . 1 4  r e s p e c t i v e l y .  

I n s p e c t i o n  of th e  d a ta  a l s o  i n d i c a t e s  t h a t  t h e r e  w a s  a  s m a l l e r  r e l a t i v e  

d i f f e r e n c e  b e tw e e n  N a n d  T c o n d i t i o n s  w h en  the  c r o s s  w a s  u s e d .  

I n d iv id u a l  D i f f e r e n c e s

Some Ss p r e f e r r e d  m otion  a h e a d  a n d  o th e r s  motion  b e h in d ,  w i th  

som e s h o w in g  no  p a r t i c u l a r  p r e f e r e n c e .  A few  p e r c e i v e d  th e  motion 

one w a y ,  r e g a r d l e s s  of s t i m u l u s  c o n d i t i o n .  H o w e v e r ,  33 Ss r e p o r t e d  

more a h e a d s  for  T s t i m u l a t i o n  th a n  fo r  N ,  a nd  in 2 6 c a s e s  t h i s  d i f ­

f e r e n c e  e x c e e d e d  tw o  for  a t  l e a s t  one of th e  s h a p e s .  The d i f f e r e n c e  

e x c e e d e d  four  for  19 S s .

D i s c u s s i o n

The d a ta  fu r th e r  s u b s t a n t i a t e  the  g e n e r a l i t y  of the  TIAM p r e d o m ­

i n a n c e  e f f e c t .  The r e s u l t  of E xper im en t  1, t h a t  t h e  e f f e c t  o c c u r s  w h e n  

a  t a c h i s t o s c o p e  and  b i n o c u l a r  f i x a t io n  a re  u s e d ,  has  b e e n  d u p l i c a t e d .  

F u r th e rm o re ,  the  d i f f e r e n c e  b e t w e e n  N a n d  T c o n d i t i o n s  o c c u r re d  for 

s e m i c i r c l e s  a s  w e l l  a s  for t r i a n g l e s ,  a l t h o u g h  th e  tw o  f ig u r e s  e l i c i t e d  

d i f f e r e n t  f r e q u e n c i e s  of a h e a d  r e p o r t s .  In g e n e r a l ,  h o w e v e r ,  t em p o ra l  

s t i m u l a t i o n  r e s u l t e d  in  more  t h a n  t w i c e  a s  m any  a h e a d  r e p o r t s  a s  c o m ­

p a re d  w i th  n a s a l  s t i m u l a t i o n .  F u r th e rm o re ,  th e  p r e d o m in a n c e  e f f e c t  

o c c u r re d  for  e a c h  of a  m a jo r i ty  of Ss a n d  i s  no t  m e re ly  a  s t a t i s t i c a l  

a r t i f a c t .

The p r e s e n c e  of t h e  b i n o c u l a r  f i x a t io n  c r o s s  w a s  no t  n e c e s s a r y  

for th e  o c c u r r e n c e  of th e  TIAM p r e d o m in a n c e  e f f e c t .  H o w e v e r ,  the  

c r o s s  d id  a f f e c t  th e  f r e q u e n c i e s  of a h e a d  r e p o r t s .
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E xper im ent  3: S t e r e o s c o p i c  P r e s e n t a t io n

The  TIAM p r e d o m in a n c e  e f f e c t  w a s  f i r s t  d e m o n s t r a t e d  u s ing  an 

o r ig in a l  model  of t h e  B rew s te r  s t e r e o s c o p e  a n d  s u b s e q u e n t l y  us ing  

a t a c h i s t o s c o p e  f i t t e d  w i th  p o l a r i z in g  f i l t e r s  for i n t e r o c u l a r  p r e s e n ­

t a t i o n .  The t a c h i s t o s c o p e ,  h o w e v e r ,  w a s  ju d g e d  im p r a c t i c a l  for use  

in fu r the r  e x p e r i m e n t s  b e c a u s e  c h a n g in g  s t im u lu s  c o n d i t i o n s  w a s  r e l a ­

t i v e l y  d i f f i c u l t .  S in c e  c o n t i n u o u s l y  p r e s e n t e d  b in o c u la r  f i x a t io n  w as  

found  to  be u n n e c e s s a r y  in E x per im en t  2 ,  u s e  of a  m od if ied  t e l e b i n o c -  

u ia r  s t e r e o s c o p e  w a s  c o n s i d e r e d  to  be a good  a l t e r n a t i v e .  The p r e s e n t  

e x p e r im e n t  w a s  e s s e n t i a l l y  a r e p l i c a t i o n  of E xper im ent  2 ( N o - C r o s s  

G ro u p ) ,  t h i s  t im e  u s in g  the  s t e r e o s c o p e .

M e th o d

S u b j e c t s

T w en ty  S_s, a p p e a r i n g  in t h e i r  s e c o n d  s e s s i o n ,  were  u s e d .  Of 

t h e s e ,  17 were  m em bers  of th e  C r o s s  G roup  of E xper im en t  2 .

S t im u lu s  C o n d i t i o n s

S t im u lu s  c o n d i t i o n s  w ere  th e  s a m e  a s  u s e d  in Exper iment  2 .  T r i ­

a n g l e s  w e re  e q u i l a t e r a l ,  3 / 8  i n .  on a  s i d e .  S e m i c i r c l e s  w ere  5 / 8  i n .  

in d i a m e t e r .  As s t a t e d  in G e n e r a l  M e th o d ,  a c c u r a t e  r e t i n a l  s i z e s  c o u ld  

not  b e  d e t e r m i n e d .  H o w ev e r ,  a p p a r e n t  s i z e s  w ere  c o m p a ra b le  to t h o s e  

of E x p e r im e n ts  1 a nd  2 .  The f u s e d  v i s u a l  f i e l d s  a p p e a r e d  l ik e  t h o s e  of 

E xper im en t  2 ( s e e  F ig .  5) .

P ro c ed u re

The p r o c e d u r e  for  th e  s t e r e o s c o p e  w a s  u s e d ,  a s  p r e v i o u s ly  d e ­

s c r i b e d  in G e n e r a l  M e th o d .

R e s u l t s

The m e a n s  for the  four s t im u lu s  a r r a n g e m e n t s  a re  g iv e n  in T ab le  3.
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TABLE 3

E xper im en t  3: M e a n  "Ahead"  a s  a F u n c t io n  of

R etina]  S t im u la t io n  a n d  S t im u lu s  Shape

S t im u lus
M ean  " a h e a d "  S . D .

c o n d i t i o n

T r ia n g le

N 2 . 0 0 1 .8 4

T 5. 60 3 . 2 8

S e m ic i rc l e

N 1 .2 5 1 .51

T 3 . 8 0 3.  17
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T hey  a re  s i m i l a r  t o  th e  c o r r e s p o n d in g  v a l u e s  for the  N o - C r o s s  Group 

of E xper im en t  2 {see T ab ie  2}. The d a ta  for the  four a r r a n g e m e n t s  in 

th e  p r e s e n t  e x p e r im e n t  d i f f e red  s i g n i f i c a n t l y  from one a n o th e r  ( F = 1 9 .9 2 ,  

d f = 3 / 5 7 , £ < . 0 0 1 ) .  A l so ,  a s  in E xper im en t  2 ,  the  s e m i c i r c l e  r e s u l t e d  

in an  o v e ra l l  lo w er  l e v e l  of a h e a d  r e p o r t s  (]3<. 01) .

D i s c u s s i o n

The Ss of E xper im ent  2 ( N o - C r o s s  Group) and  Exper iment  3 u n d e r ­

w en t  v i r t u a l l y  i d e n t i c a l  p r o c e d u r e s  . Both g ro u p s  f i x a t e d  on the  c e n t r a l  

v e r t i c a l  l i n e ,  a n d  b o th  v i e w e d  th e  co m b in ed  v i s u a l  f i e ld  pr ior  to  e a c h  

m otion  t r i a l .  S in c e  very  s i m i l a r  r e s u l t s  w ere  o b t a in e d  for th e  tw o  g r o u p s ,  

th e  TIAM p r e d o m in a n c e  e f f e c t  w a s  no t  a f f e c t e d  by u s e  of  the  s t e r e o s c o p e .  

The e f f e c t  h a s  now b e e n  d e m o n s t r a t e d  u s in g  a B rew s te r  s t e r e o s c o p e ,  a  

t a c h i s t o s c o p e , a n d  a t e l e b i n o c u l a r  s t e r e o s c o p e .  B e c a u se  of i t s  c o n v e n ­

i e n c e ,  th e  t e l e b i n o c u l a r  s t e r e o s c o p e  w a s  u s e d  in a l l  s u b s e q u e n t  e x p e r i ­

m e n ts  ,
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E xper im en t  4: The Role of R e la t iv e  

P o s i t i o n  of S t im uli  

The TIAM p r e d o m in a n c e  e f f e c t  has  b e e n  d e s c r i b e d  a s  a fu n c t io n  of 

l o c u s  of r e t i n a l  s t i m u l a t i o n .  H o w ev e r ,  the  d i f f e r e n c e  b e tw e e n  n a s a l  

a n d  tem p ora l  s t im u la t i o n  i s  not  n e c e s s a r i l y  the  c r u c i a l  f a c to r  w h ic h  

g i v e s  r i s e  to  the  d i f f e r e n c e  in p e r c e i v e d  m o v e m e n t .  A l though  it has  

b e e n  d e m o n s t r a t e d  tha t  the  p r e d o m in a n c e  e f f e c t  o c c u r s  on ly  w i th  i n ­

t e r o c u l a r  p r e s e n t a t i o n ,  th e  N a n d  T c o n d i t i o n s  a re  not the  only  w a y s  

in w h ic h  th e  tw o  f ig u re s  c a n  be p r e s e n t e d  i n t e r o c u l a r l y . T h is  e x p e r i ­

m en t  w a s  d e s i g n e d  to  d e te rm in e  if a p r e d o m in a n c e  e f f e c t  o c c u r s  for 

i n t e r o c u l a r  s t im u lu s  a r r a n g e m e n t s  w h ic h  do  not  g iv e  r i s e  t o  s t i m u l a ­

t io n  of th e  tw o  n a s a l  or th e  tw o  t em p o ra l  h e m i r e t i n a s  .

M e th o d

F i f t e e n  S s ,  a p p e a r i n g  in t h e i r  s e c o n d  e x p e r im e n ta l  s e s s i o n ,  v i e w e d  

four s t im u lu s  a r r a n g e m e n t s  ( s e e  F ig ,  6) .  For tw o  a r r a n g e m e n t s  th e re  

w a s  a f i x a t io n  l in e  a t  t h e  l e f t  of the  f ig u re s  in the  v i s u a l  f i e l d ,  g iv ing  

r i s e  t o  s t i m u l a t i o n  of th e  l e f t  t em p o ra l  a n d  r igh t  n a s a l  h e m i r e t i n a s  ( s e e  

F ig .  7 ) .  For tw o  a r r a n g e m e n t s  a f i x a t io n  l in e  w as  a t  th e  r igh t  of the  

f i g u r e s ,  g iv in g  r i s e  to  s t i m u l a t i o n  of th e  le f t  n a s a l  a nd  r igh t  tem p o ra l  

h e m i r e t i n a s .  The tw o  l e f t  t e m p o r a l - r i g h t  n a s a l  a r r a n g e m e n t s  d if fer  

w i th  r e s p e c t  t o  th e  r e l a t i v e  p o s i t i o n  in the  v i s u a l  f i e ld  of th e  f igure  

p r o d u c e d  by s t i m u l a t i o n  of the  l e f t  e y e  (L) a nd  the  f igure  p ro d u c e d  by 

s t im u l a t i o n  of the  r igh t  e y e  (R), For one  a r r a n g e m e n t ,  L is  s i t u a t e d  to  

th e  l e f t  of R, a n d  for the  o t h e r ,  L is  s i t u a t e d  t o  th e  r igh t  of R. The two 

l e f t  n a s a l - r i g h t  t em p o ra l  a r r a n g e m e n t s  d i f fe r  in th e  s a m e  w ay  w i th  r e ­

s p e c t  t o  th e  r e l a t i v e  p o s i t i o n  of L a n d  R. A rran gem en ts  in w h ic h  L is  

t o  the  le f t  of R w i l l  be r e f e r r e d  t o  a s  LR, a nd  a r r a n g e m e n ts  in w h ic h
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Stim ulus A rra n g e m e n ts V i s u a l  F i e ld s

Left Tem­

pora l-R ight  

Nasal(LR)
O >

Left Tem­

pora l-R ight  

Nasal(RL) > <

R

O
o

Left N a s a l -  

Right Tem - 1 

poral(LR)

Left N a s a l -

D>
L R

o
R L

Right T em - I 

poral (RL) 0 <I>
Left Eye Right Eye

F ig ,  6 ,  S t im u lus  a r r a n g e m e n t s  l e a d in g  t o  l e f t  t em pora l  and  r igh t  

n a s a l  s t i m u l a t i o n  a nd  to  l e f t  n a s a l  an d  r ig h t  t e m p o ra l  s t im u l a t i o n  when  

f i x a t io n  i s  m a i n t a i n e d  on th e  f u s e d  v e r t i c a l  l i n e .  W i th  r e s p e c t  to  the  

r e l a t i v e  p o s i t i o n  of th e  R a n d  L f i g u r e s  in th e  v i s u a l  f i e l d ,  for  tw o  of 

th e  a r r a n g e m e n ts  L i s  t o  th e  le f t  of R (RL), a n d  for two of th e  a r r a n g e ­

m en ts  R is t o  th e  le f t  of L (RL).



Left Tem poral-R ight N a s a l Left Tem poral-R ight N a s a l

Left N a sa l-R ig h t  Temporal Left N a sa l-R ig h t  Temporal

F ig ,  7 .  S c h e m a t i c  d ia g ra m s  of r e t i n a l  s t im u l a t i o n  r e s u l t i n g  from the

s t im u lu s  a r r a n g e m e n ts  of F ig .  6. H o r i z o n ta l  a r ro w s  r e p r e s e n t  the  s t i m ­

u lu s  f ig u re s  an d  d o t t e d  l i n e s  r e p r e s e n t  l in e s  of s i g h t .  F ix a t io n  a t  le f t  

g i v e s  r i s e  t o  s t i m u l a t i o n  of th e  lef t  t em p o ra l  a nd  r igh t  n a s a l  h e m i r e t i n a s ,  

an d  f ix a t io n  a t  r igh t  g iv e s  r i s e  to  s t i m u l a t i o n  of le f t  n a s a l  a n d  right  

tem p o ra l  h e m i r e t i n a s .



44 .

L i s  to  th e  r ig h t  of R w i l l  be  r e f e r r e d  to  a s  RL.

R e s u l t s

The r e s u l t s  a re  s u m m a r i z e d  in T ab le  4 .  The m ean  " a h e a d s "  for 

th e  four  a r r a n g e m e n t s  d i f f e r e d  s i g n i f i c a n t l y  ( F - 3 5 . 1 3 ,  d f = 3 / 4 2 , £ ( . 0 0 1 ) :  

For b o th  t y p e s  of r e t i n a l  s t i m u l a t i o n ,  th e  RL a r r a n g e m e n t  g a v e  r i s e  t o  

s i g n i f i c a n t l y  more  a h e a d  r e p o r t s  t h a n  th e  LR a r r a n g e m e n t  (jo's < . 0 1 ) ,  r e ­

s u l t s  c o n s i s t e n t  w i th  th e  TIAM p r e d o m i n a n c e  e f f e c t .  O v e r a l l ,  the  r e s u l t s  

for  l e f t  t e m p o r a l - r i g h t  n a s a l  s t i m u l a t i o n  d id  no t  d i f fe r  s i g n i f i c a n t l y  from 

th e  r e s u l t s  for  l e f t  n a s a l - r i g h t  t e m p o ra l  s t i m u l a t i o n  . 0 5 ) .

D i s c u s s i o n

The e x p e r i m e n t  d e m o n s t r a t e d  t h a t  a  TIAM p r e d o m in a n c e  e f f e c t  

o c c u r s  w h e n  th e  l e f t  t e m p o r a l  a nd  r ig h t  n a s a l  h e m i r e t i n a s ,  or th e  l e f t  

n a s a l  a n d  r igh t  t e m p o r a l  h e m i r e t i n a s  a re  s t i m u l a t e d .  T h e r e f o r e ,  the  

e f f e c t  d o e s  not  d e p e n d  upon  s t i m u l a t i o n  of t h e  tw o  n a s a l  h e m i r e t i n a s  

v e r s u s  s t i m u l a t i o n  of t h e  tw o  te m p o ra l  h e m i r e t i n a s .  In th e  p r e s e n t  

e x p e r i m e n t ,  a  d i f f e r e n c e  b e tw e e n  a r r a n g e m e n t s  in th e  r e l a t i v e  p o s i t i o n  

in t h e  v i s u a l  f i e l d  of th e  L a n d  R f ig u r e s  (LR v s .  RL) w a s  s u f f i c i e n t  t o  

p r o d u c e  a  p r e d o m in a n c e  e f f e c t .  I n s p e c t i o n  of F ig .  2 (p .  16) i n d i c a t e s  

t h a t  th e  n a s a l  a r r a n g e m e n t  i s  a n  LR a r r a n g e m e n t  a n d  th e  t e m p o r a l  a r ­

r a n g e m e n t  i s  a n  RL a r r a n g e m e n t .  T h u s ,  th e  TIAM p r e d o m in a n c e  e f f e c t  

may now  be r e f o r m u la t e d  in  t e rm s  of r e l a t i v e  p o s i t i o n  r a t h e r  t h a n  in 

t e rm s  of r e t i n a l  a r e a s  s t i m u l a t e d :  LR e l i c i t s  m o t io n  b e h in d  a n d  RL m o ­

t io n  a h e a d .  S in c e  t h e ' d i r e c t i o n  of r o t a t i o n  r u l e '  fo rm u la te d  by  P a s t o r e  

i s  a n  a l t e r n a t e  w a y  of d e s c r i b i n g  the  TIAM p r e d o m in a n c e  e f f e c t  ( s e e  

p .  15), t h e  ru le  c a n  be  b r o a d e n e d  a s  f o l lo w s :  For a l l  RL a n d  LR c o n ­

d i t i o n s ,  a  s i n g l e  c y c l e  b e g in n in g  w i th  s t i m u l a t i o n  of the  l e f t  e y e  g i v e s  

r i s e  t o  p e r c e p t i o n  of c l o c k w i s e  r o t a t i o n ,  a n d  a c y c l e  b e g in n in g  w ith  

s t im u l a t i o n  of th e  r igh t  e y e  g i v e s  r i s e  to  c o u n t e r c l o c k w i s e  r o t a t i o n .
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TABLE 4

E xp er im en t  4: M e a n  "Ahead"  a s  a F u n c t io n  of R e t in a l

L o c u s  a n d  R e la t iv e  P o s i t i o n  in the  V isu a l  F ie ld

S t im ulus

c o n d i t i o n
M e a n  " a h e a d " S . D .

Left  t e m p o r a l - r i g h t

n a s a l

LR 2 . 2 7 1 .8 4

RL 7 . 0 7 2 .64

Left  n a s a l - r i g h t

t e m p o ra l

LR 2 .33 2 . 5 0

RL 7 . 1 3 2 . 5 4
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E xper im ent  5: Two A rra n g em en ts  

S i m u l t a n e o u s ly  P r e s e n t e d

The d a ta  for an  i n d iv id u a l  a re  i n te r p r e t e d  a s  c o n s i s t e n t  w i th  the  

TIAM p r e d o m in a n c e  e f f e c t  w hen  th e  num ber  of a h e a d  r e p o r t s  for RL 

e x c e e d s  the  num ber  for LR. F u r th e rm o re ,  w hen  the  m ag n i tu d e  of th i s  

p a r t i c u l a r  RL-LR d i f f e r e n c e  i n c r e a s e s ,  the  g r e a t e r  w ou ld  be the  d e g re e  

of i n d iv id u a l  c o n s i s t e n c y  w i th  the  p r e d o m in a n c e  e f f e c t . In te rm s  of 

group  d a t a ,  a  r e s u l t  in  w h ic h  the  m ean  for RL i s  s i g n i f i c a n t l y  l a rg e r  

t h a n  th e  m ean  for LR is  i n t e r p r e t e d  a s  c o n s i s t e n t  w i th  th e  p r e d o m i ­

n a n c e  e f f e c t .  The s t r e n g t h  of th e  p r e d o m in a n c e  e f f e c t  wou ld  i n c r e a s e  

a s  th e  m ag n i tu d e  of t h i s  m ean  d i f f e r e n c e  i n c r e a s e s .

In E x per im e n ts  1 - 4 ,  e a c h  s t im u lu s  c o n d i t i o n  w a s  p r e s e n t e d  i n ­

d i v id u a l ly  in s e p a r a t e  t r i a l s .  C o n s e q u e n t l y ,  th e re  w a s  a p e r io d  of 

10 s e c .  or more b e t w e e n  e a c h  o b s e r v a t i o n .  I n s p e c t i o n  of th e  i n d i v i d ­

u a l  d a ta  from t h e s e  e x p e r i m e n t s  i n d i c a t e s  t h a t ,  for m any  S s , the  TIAM 

p r e d o m in a n c e  e f f e c t  w a s  s m a l l ,  a n d  for  a few  it d id  not o c c u r .  In th e  

p r e s e n t  s e r i e s  of e x p e r i m e n t s ,  tw o  a r r a n g e m e n t s  were  p r e s e n t e d  s i m u l ­

t a n e o u s l y  s o  t h a t  im m e d ia te  m otion  c o m p a r i s io n s  co u ld  be m a d e .  The 

h y p o t h e s i s  w a s  t h a t  s i m u l t a n e o u s  p r e s e n t a t i o n  would  g iv e  r i s e  to  a 

s t r o n g e r  p r e d o m in a n c e  e f f e c t ,  r e l a t i v e  to  th e  s t r e n g th  of the  p r e d o m i ­

n a n c e  e f f e c t  t h a t  w o u ld  be p r o d u c e d  by s e p a r a t e  p r e s e n t a t i o n .

Experiment 5A

M e th o d

S u b j e c t s  a n d  s t im u lu s  c o n d i t i o n s . T w e n t y - s e v e n  S s ,  a p p e a r in g  

in t h e i r  s e c o n d  e x p e r im e n ta l  s e s s i o n ,  w e re  u s e d .  Two s t im u lu s  c a r d s ,  

e a c h  c o n ta in in g  a n  LR a n d  RL a r r a n g e m e n t  w i th  c e n t r a l  f i x a t i o n ,  were  

p r e s e n t e d .  For one  c a r d ,  a n  LR a r r a n g e m e n t  w a s  a b o v e  a nd  a n  RL a r ­
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r a n g e m e n t  w a s  b e lo w  (Fig .  8 ) .  The s e p a r a t i o n  b e t w e e n  the  c e n t e r s  of 

the  upp e r  a n d  low er  t r i a n g l e s  w a s  1 in .  The s p a c e  b e tw e e n  e a c h  t r i ­

a n g le  a n d  the  v e r t i c a l  f i x a t io n  l in e  w a s  1 /1 6  in .  The s e c o n d  c a r d  w a s  

i d e n t i c a l  e x c e p t  th a t  an  RL a r r a n g e m e n t  w a s  a b o v e  a n d  an  LR a r r a n g e ­

ment w a s  b e lo w .  The in v e r s io n  of th e  a b o v e  a nd  be lo w  a r r a n g e m e n ts  

s e r v e d  a s  a c o n t ro l  for  the  p o s s i b l e  e f f e c t  of upp e r  v e r s u s  lo w er  p o s i ­

t io n  on the  c a r d .

P r o c e d u r e . The s i n g l e  v e r t i c a l  l in e  in the  v i s u a l  f i e ld  in s u re d  

p ro pe r  p r e t r i a l  f u s i o n .  Ss w e re  i n s t r u c t e d  a l w a y s  to  f ix a te  a lo n g  the  

l in e  b e tw e e n  the  t r i a n g l e s .  In m aking  m otion  j u d g m e n t s ,  Ss r e p o r t e d  

f i r s t  on th e  f igure  in t h e  uppe r  p o s i t i o n  a n d  th e n  on th e  lo w e r  f i g u r e .  

Two s e p a r a t e  r e p o r t s  w e re  t h u s  r e c o r d e d  for e a c h  p r e s e n t a t i o n .

R e s u l t s

W h e n  c o m p a re d  w i th  the  d a t a  for t r i a n g l e s  in  E xper im ent  3 (Table 

3),  th e  r e s u l t s  of t h e  p r e s e n t  e x p e r im e n t  (Table 5) i n d i c a t e  th a t  the  

s t r e n g t h  of th e  p r e d o m in a n c e  e f f e c t  i n c r e a s e d  w hen  LR a nd  RL a r r a n g e ­

m e n t s  were  p r e s e n t e d  s i m u l t a n e o u s l y .  I n d iv id u a l  a n a l y s i s  i n d i c a t e d  

t h a t  w i th  th e  e x c e p t i o n  of tw o  Ss w h o  p e r c e i v e d  a h e a d  m otion  for a l l  

c o n d i t i o n s ,  the  d a ta  of e v e r y  S s h o w e d  a s t ro n g  p r e d o m in a n c e  e f f e c t  

for  a t  l e a s t  one s t im u lu s  c a r d .  R e s u l t s  for  th e  four a r r a n g e m e n t s  ( two 

for e a c h  card)  d i f f e re d  s i g n i f i c a n t l y  ( £ = 4 3 .2 3 ,  d f = 3 / 7 8 , £ < . 0 0 l ) ,  a n d  

the  m ea n s  were  c o n s i s t e n t  w i th  the  TIAM p r e d o m in a n c e  e f f e c t .  H o w ­

e v e r ,  a n  u n e x p e c t e d  d i f f e r e n c e  w a s  found  b e tw e e n  th e  tw o  s t im u lu s  

c a r d s .

LR a b o v e  a n d  RL b e l o w .  RL r e s u l t e d  in  s i g n i f i c a n t l y  more a h e a d  

r e p o r t s  t h a n  LR (jd< . 01) .  The r e l a t i v e  d i f f e r e n c e  w a s  more th an  5 :1 ,  

a s  c o m p a re d  to  2:1 or 3:1 in p r e v io u s  e x p e r i m e n t s .  O m it t ing  th e  tw o
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S t im u lu s  A rra n g e m e n ts  V i s u a l  F i e ld
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F ig .  8 .  S t im u lus  a r r a n g e m e n t s  for Experiment  5A, w ith  a n  LR 

c o n d i t i o n  a b o v e  a n d  an  RL c o n d i t io n  b e lo w .
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TABLE 5

E xper im en t  5: M e a n  "Ahead" w i th  Two A rran g em en ts

P r e s e n t e d  S i m u l t a n e o u s ly

S t im ulus

■■ « H f ' ■ ■ '

c o n d i t i o n  M e a n  " a h e a d " S . D .

E xper im en t  5A

Above; LR 1 .7 4 2 . 52
Below: RL 9 . 4 8 0 . 7 5

Above; RL 7 .15 3 . 3 9
Below; LR 4 . 7 0 3 . 2 4

E xper im en t  5B

Above; LR 2 . 8 1 2 . 7 4
Below: RL 7 . 8 9 2 . 2 6

Above: RL 6 . 5 6 2 . 5 2
Below: LR 4 . 0 4 3 . 3 8

Above: LR 2 .85 2 . 9 4
Below: LR 3 . 0 4 2 . 7 8

Above: RL 7 . 0 4 2 . 5 2
Below: RL 7 . 2 6 2 . 3 6

E xper im en t  5C

S e m ic i r c l e s
Above: LR 1 .1 0 2 .0 0
Below; RL 8 . 5 5 1 .2 0

Above: RL 6 . 1 0 3 . 3 0
Below: LR 3 .2 5 3 . 0 8

Left  f i x a t io n
Above; LR 3 . 2 0 2 . 3 6
Below: RL 6 . 5 0 2 .1 8

Above: RL 6 . 6 0 2 . 8 0
Below: LR 4 . 3 5 2 .48
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Ŝ s w h o  a l w a y s  p e r c e i v e d  th e  m otion  a s  a h e a d ,  the  m ean  num ber  of 

a h e a d  r e p o r t s  for LR a n d  RL were  r e s p e c t i v e l y  1 .0 8  a nd  9 . 4 5 .  V a lu es  

of 0 . 0  a n d  1 0 . 0  would  i n d i c a t e  p e r f e c t  c o n s i s t e n c y  w i th  the  p r e d o m i ­

n a n c e  e f f e c t .  F u r th e rm o re ,  for  e a c h  of 23 Ss  th e  d i f f e r e n c e  b e tw e e n  

a r r a n g e m e n t s  in number  of a h e a d s  e x c e e d e d  f i v e ,  and  d i f f e r e n c e s  of 

n ine  or t e n  w ere  not u n u s u a l .  T h u s ,  LR a lm o s t  a lw a y s  e l i c i t e d  m otion

b e h in d  a n d  RL m otion  a h e a d .

RL a b o v e  an d  LR b e lo w .  RL a g a i n  e l i c i t e d  s i g n i f i c a n t l y  more a h e a d

r e p o r t s  t h a n  LR ( £ < . 0 5 ) ,  but  th e  d i f f e r e n c e  w a s  m uch  l e s s  t h a n  for the  

f i r s t  c a r d .  The  RL a r r a n g e m e n t  p r o d u c e d  s i g n i f i c a n t l y  f ew e r  a h e a d  

r e p o r t s  w h e n  a b o v e  th a n  w h e n  b e lo w  ( £ < . 0 5 ) ,  a n d  th e  LR a r r a n g e m e n t  

p r o d u c e d  s i g n i f i c a n t l y  more a h e a d  r e p o r t s  w h en  b e lo w  t h a n  w hen  a b o v e  

( £ < . 0 1 ) .  In f a c t ,  t h e  RL-LR d i f f e r e n c e  w h i c h  o c c u r r e d  w hen  RL w a s  

a b o v e  LR w a s  a c t u a l l y  l e s s  t h a n  had  p r e v i o u s ly  b e e n  found  w i th o u t  

s i m u l t a n e o u s  p r e s e n t a t i o n .  T h u s ,  w h i l e  s i m u l t a n e o u s  p r e s e n t a t i o n  

s t r e n g t h e n e d  th e  p r e d o m in a n c e  e f f e c t  for  th e  f i r s t  c a r d ,  th e  r e v e r s i n g  

of uppe r  a n d  lo w e r  p o s i t i o n s  l e d  to  a n  a t t e n u a t i o n  of the  e f f e c t  for  the  

s e c o n d  c a r d .  H o w e v e r ,  e x a m in a t io n  of the  in d iv id u a l  d a ta  i n d i c a t e d  

th a t  t h i s  a t t e n u a t i o n  o c c u r r e d  on ly  for a b o u t  a t h i rd  of the  S s . The 

d a ta  of e a c h  of 15 Ss  w ere  c o n s i s t e n t  w i th  the  p r e d o m in a n c e  e f f e c t .

The m ean  num b ers  of a h e a d  r e p o r t s  for t h e s e  S s  w e re  2 . 6 0  a n d  9 . 2  0 

for  LR a nd  RL r e s p e c t i v e l y .  On th e  o th e r  h a n d ,  for  10 Ss th e re  w a s  

e i t h e r  a  p a r t i a l  or c o m p le t e  r e v e r s a l  of t h e  p r e d o m in a n c e  e f f e c t .  The 

LR a n d  RL m e a n s  for t h e s e  10 Ss w e re  6 . 8  a n d  3 . 5 ,  a  r e s u l t  o p p o s i t e  

t o  the  e x p e c t e d  o n e .  It  may  be  t e n t a t i v e l y  c o n c l u d e d  th a t  s i m u l t a n e o u s  

p r e s e n t a t i o n  of c o n d i t i o n s  s t r e n g t h e n s  the  TIAM p re d o m in a n c e  e f f e c t ,  

but  th a t  for  som e  S s ,  s i m u l t a n e o u s  p r e s e n t a t i o n  may l e a d  to  a l o s s  or 

r e v e r s a l  of the  e f f e c t  w hen  RL is  a b o v e  LR.



51 .

E xper im en t  5B

The d i f f e r e n c e  found  b e t w e e n  th e  tw o  s t i m u l u s  c a r d s  in the  p r e c e d ­

ing E xper im en t  5A may have  b e e n  due  to  a n  e f f e c t  of upper  a n d  lo w e r  

p o s i t i o n  on the  p e r c e i v e d  m o v e m e n t .  T hus  r e g a r d l e s s  of w h e th e r  the  

a r r a n g e m e n t  i s  LR or RL, the  upp e r  p o s i t i o n  may favor  b e h in d  m ovem en t  

a n d  th e  lo w er  p o s i t i o n  may fav o r  a h e a d  m ovem ent  . W h e n  RL is  a b o v e  

a n d  LR b e lo w ,  t h i s  p o s i t i o n  e f f e c t  w o u ld  l e a d  t o  an  a t t e n u a t i o n  in t h e  

num ber  of a h e a d s  for  RL a n d  a n  i n c r e a s e  in th e  num ber  of a h e a d s  for 

LR. An a t t e n u a t i o n  for  RL and  a n  i n c r e a s e  in LR did in f a c t  o c c u r  for 

so m e  Ss  in th e  p r e c e d in g  e x p e r i m e n t .  H o w e v e r ,  it i s  no t  c l e a r  w h e th e r  

t h i s  p o s i t i o n  e f f e c t  i s  a g e n e r a l  p h e n o m e n o n  or w h e th e r  it  o c c u r s  only  

w h en  RL is  a b o v e  LR. In o rder  to  d i s t i n g u i s h  b e tw e e n  t h e s e  p o s s i b i l i ­

t i e s ,  tw o  s t im u lu s  c a r d s  w ere  a d d e d  to  t h o s e  of the  p r e v i o u s  e x p e r i ­

m en t ,  one  c a rd  hav ing  LR a n d  the o th e r  hav ing  RL in b o th  upp e r  and  

lo w er  p o s i t i o n s .  If the  p o s i t i o n  e f f e c t  i s  a  g e n e r a l  p h e n o m e n o n ,  u p ­

p e r  a nd  lo w e r  p o s i t i o n s  s h o u ld  e l i c i t  d i f f e r e n t  r e s u l t s  w h en  th e  tw o  

p o s i t i o n s  c o n t a i n  the  sam e  s t i m u l u s  a r r a n g e m e n t .

M e th o d

T w e n t y - s e v e n  Ss w e re  u s e d ,  of whom t w e n t y - t w o  w ere  b e in g  u s e d  

for th e  f i r s t  t im e .  The rem a in in g  f ive  Ss had  b e e n  u s e d  p r e v i o u s l y ,  but  

d id  no t  t a k e  p a r t  in  E xper im en t  5A. The p r o c e d u r e  w a s  i d e n t i c a l  t o  th a t  

of E x per im en t  5A, e x c e p t  t h a t  four s t im u lu s  c a r d s  w e re  p r e s e n t e d  for a 

t o t a l  of e ig h t  a r r a n g e m e n ts  . Two c a r d s  were  the  s a m e  a s  t h o s e  u s e d  in  

E xper im ent  5A. The th i rd  c a r d  had  a n  LR a r r a n g e m e n t  in b o th  upp e r  and  

lo w e r  p o s i t i o n s ,  a n d  th e  fo u r th  had tw o  RL a r r a n g e m e n t s .

R e s u l t s

The r e s u l t s  ( s e e  T ab le  5) s u b s t a n t i a t e  t h o s e  of the  p r e c e d in g
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E xper im en t  5A. The d a ta  for th e  e ig h t  a r r a n g e m e n t s  d i f f e red  s i g n i f i c a n t l y  

(F = 2 0 .1 9 ,  df=7 . 82 , £ < . 0 0 1 )  a n d  for e a c h  a r r a n g e m e n t  th e  a h e a d  me an  

w a s  c o n s i s t e n t  w i th  the  TIAM p r e d o m in a n c e  e f f e c t .

LR a b o v e  a n d  RL b e lo w .  R e s u l t s  for RL a nd  LR d i f f e r e d  s i g n i f i c a n t l y  

( £ < . 0 l )  and  th e re  w as  a g a i n  a s t ro n g  p r e d o m in a n c e  e f f e c t ,  a l t h o u g h  the  

r e l a t i v e  LR-RL d i f f e r e n c e  w a s  not  a s  l a rg e  a s  in the  p r e v i o u s  e x p e r i m e n t .  

For e a c h  of 23 S s , t h e r e  w ere  more a h e a d  r e p o r t s  for RL th a n  for  LR. The 

LR-RL d i f f e r e n c e  e x c e e d e d  four for  16 S s .

RL a b o v e  a n d  LR b e lo w .  The a t t e n u a t i o n  in t h e  RL-LR d i f f e r e n c e  

w i th  r e v e r s a l  in  u p p e r - lo w e r  p o s i t i o n s  w a s  r e p l i c a t e d ,  a n d  th e r e  were  

a g a i n  tw o  t y p e s  of S s . For e a c h  of 17 Ss th e  r e s u l t s  were  c o n s i s t e n t  

w i th  the  p r e d o m in a n c e  e f f e c t .  LR an d  RL m e a n s  for t h i s  g roup  w ere  1 .6 5  

an d  7 . 4 7 .  For e a c h  of 9 Ss the  p r e d o m in a n c e  e f f e c t  w a s  e i t h e r  r e d u c e d  

or r e v e r s e d ,  and  LR and RL m e a n s  w ere  7 . 8 9  a n d  4 . 4 4 .

LR in b o th  p o s i t i o n s  a nd  RL in b o th  p o s i t i o n s . For t h e s e  s t im u lu s  

c a r d s ,  the  to p  a n d  bottom c o n d i t i o n s  e l i c i t e d  n e a r ly  i d e n t i c a l  r e s u l t s  

( £ ' s > . 05) . M o s t  Ss r e p o r t e d  s i m i l a r  a h e a d  f r e q u e n c i e s  for  bo th  p o s i ­

t i o n s .  A l s o ,  m ean  a h e a d  v a l u e s  for th e  RL a n d  LR a r r a n g e m e n t s  w ere  

c o m p a r a b le  t o  the  v a l u e s  o b t a i n e d  w h e n  LR w a s  a b o v e  RL. The d a ta  

t h u s  s u g g e s t s  th a t  u p p e r - l o w e r  p o s i t i o n  a f f e c t s  th e  m otion  r e p o r t s  of 

so m e  Ss on ly  w h en  RL is  a b o v e  LR.

E xper im en t  5C

The p u r p o s e  of t h i s  e x p e r im e n t  w a s  t o  d e te r m in e  if th e  r e s u l t s  of 

th e  tw o  p r e v i o u s  e x p e r i m e n t s  c a n  be  g e n e r a l i z e d  to  o th e r  s t i m u l u s  

s h a p e s  a n d  s t im u lu s  a r r a n g e m e n t s .  The e f f e c t  of s i m u l t a n e o u s  p r e s e n ­

t a t i o n  w a s  t e s t e d  u s in g  s e m i c i r c l e s ,  a n d  t r i a n g l e s  w i th  f i x a t io n  to the



l e f t  of th e  f i g u r e s .  In v i e w  of t h e  r e s u l t s  fcr th e  c o n t ro l  a r r a n g e m e n t s  

of the  p r e v i o u s  e x p e r i m e n t ,  s im i l a r  c o n t r o l s  w ere  not c o n s i d e r e d  n e c e s ­

s a r y  in th e  p r e s e n t  e x p e r i m e n t .

M e th od

T w en ty  S s ,  of whom 17 had  p r e v i o u s ly  t a k e n  par t  in  a t  l e a s t  one 

o th e r  e x p e r i m e n t ,  w e re  u s e d .  The p r o c e d u r e  w a s  i d e n t i c a l  t o  t h a t  of 

Exper im en t  5B. Four s t im u lu s  c a r d s  w e re  u s e d  w h ic h  w ere  s i m i l a r  to  

t h o s e  of E xper im en t  5A, For tw o  c a r d s ,  s e m i c i r c l e s  hav ing  th e  sam e  

d i m e n s i o n s  a s  t h o s e  u s e d  in E xper im en t  3 r e p l a c e d  th e  t r i a n g l e s .  For 

tw o  c a r d s  th e  f i x a t io n  l in e  w a s  p l a c e d  to  th e  l e f t  of th e  t r i a n g l e s  ( see  

Exper im en t  4 ) .  LR w a s  s i t u a t e d  a b o v e  RL for one  s e m i c i r c l e  c a r d  and  

one  l e f t - f i x a t i o n  c a r d ,  a n d  RL w a s  a b o v e  LR for the  o th e r  c a rd  of e a c h  

t y p e .

R e su l t s

The r e s u l t s  ( s e e  T ab le  5) w e re  g e n e r a l l y  c o n s i s t e n t  w i th  t h o s e  of 

th e  tw o  p r e v i o u s  e x p e r i m e n t s  . The d a t a  for s e m i c i r c l e s  a n d  t r i a n g l e s  

w i th  l e f t  f i x a t io n  w e re  a n a l y s e d  s e p a r a t e l y .

S e m i c i r c l e s . The r e s u l t s  w ere  s i m i l a r  t o  the  r e s u l t s  found  for 

t r i a n g l e s  in E x p er im en t  5A. The d a ta  for th e  four  a r r a n g e m e n ts  i n ­

v o lv in g  th e  s e m i c i r c l e  d i f f e r e d  s i g n i f i c a n t l y  ( £ = 2 9 . 4 4 ,  d f = 3 / 5 7 ,

£ < . 0 0 1 )  an d  w h e n  LR w a s  a b o v e  RL th e  LR-RL d i f f e r e n c e  ( £ < . 0 l )  

w a s  m u ch  l a r g e r  t h a n  th e  c o r r e s p o n d in g  d i f f e r e n c e  in E xper im en t  3 

w h ic h  d id  not  i n v o lv e  s i m u l t a n e o u s  p r e s e n t a t i o n  (Table  3) . The LR- 

RL d i f f e r e n c e  e x c e e d e d  th re e  for 19 of t h e  2 0 Ss a n d  the  d i f f e r e n c e  

e x c e e d e d  f iv e  for 14 Ss . W h e n  RL w a s  a b o v e  LR, th e  r e s u l t s  for t h e  

tw o  a r r a n g e m e n t s  d i f f e re d  s i g n i f i c a n t l y  ( £ < . 0 5 ) ,  a n d ,  a s  in E x p e r i ­

ment  5A, th e  d i f f e r e n c e  w a s  sm a l l  a nd  the re  were  tw o  s u b j e c t  t y p e s  .



The d a ta  for e a c h  of t h i r t e e n  Ss w ere  c o n s i s t e n t  w i th  t h e  p r e d o m in a n c e  

e f f e c t .  LR a n d  RL m e a n s  for t h e s e  Ss were  1 .5 4  and  8 . 0 0 .  The d a ta  

for e a c h  of s e v e n  Ss i n d i c a t e d  a  l o s s  or r e v e r s a l  of the  p r e d o m in a n c e  

e f f e c t . LR a nd  RL m e a n s  for t h e s e  Ss w ere  6. 43 a nd  2 . 5 7 .

T r ia n g le s  w i th  f i x a t io n  a t  l e f t . A s t r e n g th e n in g  of th e  p r e d o m in a n c e  

e f f e c t  d id  not o c c u r  for t h e s e  c a r d s .  The d a t a  for the  four  a r r a n g e m e n t s  

d i f f e r e d  s i g n i f i c a n t l y  ( L = l l  . 60, d f = 3 / 5 7 , £ < .  001) ,  a n d  w h e n  LR w a s  

a b o v e  RL the  LR-RL d i f f e r e n c e  w a s  s i g n i f i c a n t  ( |><,01) . A l though  t h e  

nu m ber  of a h e a d s  for RL e x c e e d e d  th e  num ber  for LR fcr  17 of th e  S s , 

th e  p r e d o m in a n c e  e f f e c t  for  the  group  w a s  l e s s  t h a n  found  w i th o u t  

s i m u l t a n e o u s  p r e s e n t a t i o n  in E xper im en t  4 (Table  4 ) .  For the  s e c o n d  

c a r d ,  h o w e v e r ,  r e s u l t s  w e re  s i m i l a r  to  t h o s e  found  p r e v i o u s l y  for s i ­

m u l t a n e o u s  c o m p a r i s o n  w hen  RL w a s  a b o v e  LR. The o v e ra l l  RL-LR 

d i f f e r e n c e  w a s  s m a l l ,  a nd  th e r e  w e re  tw o  t y p e s  of S s . The d a ta  for 

e a c h  of fo u r t e e n  Ss w e re  c o n s i s t e n t  w i th  th e  p r e d o m in a n c e  e f f e c t .

T h e i r  g roup  m e a n s  w ere  3 . 3 6  a nd  7 . 5 0  for LR a n d  RL, r e s p e c t i v e l y .

For e a c h  of s i x  Ss t h e r e  w a s  a  l o s s  or r e v e r s a l  of the  e f f e c t .  LR and  

RL m e a n s  for t h e s e  Ss w e re  6 . 6 7  an d  4 . 5 0 .

D i s c u s s i o n

The r e s u l t s  of E x p e r im e n ts  5A, 5B a n d  5C i n d i c a t e  t h a t  w hen  LR 

and RL a re  s i m u l t a n e o u s l y  p r e s e n t e d ,  LR be in g  a b o v e  RL, t h e r e  is  

g r e a t e r  s u b j e c t  c o n s i s t e n c y  a n d  a s t r o n g e r  g roup  p r e d o m in a n c e  e f f e c t  

in c o m p a r i s o n  to  the  r e s u l t s  o b t a i n e d  by  the  p r e s e n t a t i o n  of LR a n d  RL 

s e p a r a t e l y .  A s t r e n g th e n in g  of th e  e f f e c t  a l s o  o c c u r s  for a b o u t  t w o -  

t h i r d s  of th e  Ss w h en  th e  r e l a t i v e  p o s i t i o n  of th e  a r r a n g e m e n t s  is  

c h a n g e d  s o  th a t  RL i s  a b o v e  LR. For t h i s  p a r t i c u l a r  a r r a n g e m e n t ,  

h o w e v e r ,  th e re  i s  an  a t t e n u a t i o n  or r e v e r s a l  of th e  p re d o m in a n c e



e f f e c t ,  r a th e r  th an  a n  e n h a n c e m e n t ,  for abou t  o n e - t h i r d  of t h e s e  Ss . 

In s h o r t ,  t h e  r e s u l t s  for t h e s e  Ss a re  in f lu e n c e d  by  the  p l a c e m e n t  of 

RL a b o v e  LR.



E xper im ent  6: T e s t  for the  Role of E yem ovem ent  

This  e x p e r im e n t  w a s  d e s i g n e d  to  e x a m in e  the  h y p o t h e s i s  t h a t  d i f ­

f e r e n t i a l  e y e m o v e m e n t s  a s s o c i a t e d  w i th  v ie w in g  LR and  RL a r r a n g e m e n t s  

a re  r e l a t e d  to  the  p r e d o m in a n c e  e f f e c t .  W h e n  v i e w in g  TIAM, i t  i s  d i f f i ­

c u l t  for an  t o  m a in t a in  p e r f e c t  f u s i o n .  During e a c h  a l t e r n a t i o n  c y c l e  

t h e r e  is a 50 m s e c ,  i n t e r s t i m u l u s  i n t e r v a l  when  n e i t h e r  e y e  i s  s t i m u l a t e d  

an d  a 500 m s e c ,  i n t e r v a l  w hen  on ly  one  e y e  i s  s t i m u l a t e d .  As a  r e s u l t ,  

t h e r e  i s  a t e n d e n c y  for p ro p e r  c o n v e r g e n c e  for f u s i o n  to  be  l o s t .  If the  

e y e m o v e m e n t s  w h ic h  r e s u l t  d i f f e r  for LR a n d  RL s t im u lu s  c o n d i t i o n s ,  

t h i s  d i f f e r e n c e  may be  r e l a t e d  t o  the  TIAM p re d o m in a n c e  e f f e c t .

The t e s t i n g  for th e  ro le  of e y e m o v e m e n t  w a s  b a s e d  on the  f a c t  t h a t  

t h e  e y e  on ly  m o v e s  in one d i r e c t i o n  a t  a  g i v e n  t ime . If t h e  tw o  s t im u lu s  

a r r a n g e m e n t s  a r e  v i e w e d  s i m u l t a n e o u s l y  w i th  a  common p o in t  of f i x a t i o n ,  

d i f f e r e n t i a l  e y e m o v e m e n t  for e a c h  a r r a n g e m e n t  c o u ld  not o c c u r .  T h u s ,  

t h e r e  s h o u ld  be  no p r e d o m in a n c e  e f f e c t  on th e  h y p o t h e s i s  t h a t  e y e ­

m ovem ent  is  a  c r i t i c a l  f a c t o r .  But if th e  e f f e c t  o c c u r s ,  e y e m o v e m e n t  is  

e x c l u d e d .

M e th o d

S u b j e c t s  a n d  S t im u lu s  C o n d i t i o n s

Tw en ty  Ss w i th  p r io r  e x p e r i e n c e  v i e w e d  tw o  s t im u lu s  c a r d s .  One  

c a r d  ( se e  F ig .  9) w a s  s im i l a r  in  a r r a n g e m e n t  t o  th e  c a r d s  p r e v i o u s l y  

u s e d  for s i m u l t a n e o u s  p r e s e n t a t i o n ,  e x c e p t  t h a t  th e  upper  and  lo w e r  

t r i a n g l e s  w ere  c l o s e r  t o g e t h e r  (3 /4  i n .  b e tw e e n  c e n t e r s )  a n d  th e r e  w a s  

a long  h o r iz o n ta l  l ine  b e tw e e n  upp e r  a n d  lo w er  a r r a n g e m e n t s .  W i th  

f i x a t io n  m a in t a in e d  on the  i n t e r s e c t i o n  of th e  t w o  l i n e s ,  S s  c o u ld  s i ­

m u l t a n e o u s ly  p e r c e i v e  th e  u p p e r  a n d  lo w e r  t r i a n g l e s .  The s e c o n d  c a rd  

w a s  i d e n t i c a l  t o  the  f i r s t  e x c e p t  for th e  p o s i t i o n  r e v e r s a l  of upper  a n d



S t im u lu s  A r r a n g e m e n t s V isu a l F ie ld

Left Eye Right Eye

F ig .  9 .  S t im u lu s  a r r a n g e m e n t  for E xper im ent  6 in w h ic h  LR is 

a b o v e  RL. The s e c o n d  c a rd  w a s  i d e n t i c a l ,  but  w i th  RL a b o v e  LR.
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lo w e r  a r r a n g e m e n t s .

P ro c ed u re

Ss w ere  i n s t r u c t e d  not  to  look  s e p a r a t e l y  a t  t h e  upp e r  a nd  lo w e r  

a r r a n g e m e n t s ,  bu t  a l w a y s  t o  f ix a te  on the  c e n t r a l  i n t e r s e c t i o n  of 

l i n e s  . A l though  t h e y  w ere  t o ld  t o  o b s e r v e  the  up pe r  a n d  lo w e r  m o t io n s  

s i m u l t a n e o u s l y ,  t h e y  a l w a y s  r e p o r t e d  f i r s t  on th e  up p e r  a n d  t h e n  on 

th e  low er  a r r a n g e m e n t .  During th e  s e r i e s  of t r i a l s ,  Ss w e re  o c c a s i o n ­

a l l y  r e m in d e d  of th e  n e e d  to  m a in t a in  c e n t r a l  f i x a t i o n .

R e s u l t s

The r e s u l t s  ( s e e  T ab le  6) a re  not c o n s i s t e n t  w i th  th e  h y p o t h e s i s  

p e r t a in i n g  to  th e  ro le  of e y e m o v e m e n t s .  The d a t a  for th e  four a r r a n g e ­

m en ts  d i f f e r e d  s i g n i f i c a n t l y  ( F = 3 1 .1 5 ,  d f = 3 / 5 7 , £ < .  001) a n d  m e a n s  for 

the  four s t i m u l u s  a r r a n g e m e n t s  w e re  c o n s i s t e n t  w i th  th e  p r e d o m in a n c e  

e f f e c t  a n d  c o m p a r a b le  to  t h e  s i m u l t a n e o u s  p r e s e n t a t i o n  r e s u l t s  of Ex­

p e r im e n t  5 {Table 5) ,  W h en  LR w a s  a b o v e  RL, th e  LR-RL d i f f e r e n c e  w a s  

s i g n i f i c a n t  ( £ < . 0 l )  an d  l a r g e ,  a nd  th e r e  w a s  a  s t rong  p r e d o m in a n c e  

e f f e c t  for a l l  bu t  tw o  of the  Ss . W h en  RL w a s  a b o v e  LR, th e  LR-RL d i f ­

f e r e n c e  w a s  s i g n i f i c a n t  ( £ < . 0 l )  but  r e l a t i v e l y  s m a l l ,  a n d  t h e r e  w ere  

a g a i n  tw o  t y p e s  of S s . For t w e lv e  c o n s i s t e n t  Ss th e  LR a n d  RL m e a n s  

w ere  3 .2 5  a n d  8 . 2 3 ,  w h e r e a s  for  e ig h t  i n c o n s i s t e n t  Ss  th e  c o r r e s p o n d ­

ing v a l u e s  w e re  7 . 1 3  a n d  6 . 5 0 .

D i s c u s s i o n

The r e s u l t s  of t h i s  e x p e r im e n t  a re  c o n s i s t e n t  w i th  the  v i e w  th a t  

e y e m o v e m e n t s  a re  not  r e l a t e d  t o  the  TIAM p r e d o m in a n c e  e f f e c t  s i n c e  

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

m e n ts  for th e  t w o  c o n d i t i o n s  w a s  e l i m i n a t e d .  E y e m o v e m e n ts  may  s t i l l  

h av e  o c c u r r e d ,  but  s i n c e  th e  Ss w e re  i n s t r u c t e d  t o  m a in t a in  c e n t r a l



TABLE 6

E xper im en t  6: M e a n  "Ahead"  w i th  C on t ro l  

for E yem ovem ent

S t im u lus
M e a n  " a h e a d ” S . D .

c o n d i t i o n

Above:  LR 1 . 8 0  2 . 2 7

Below: RL 8 . 5 5  2 . 2 7

Above: RL 7 . 6 0  2 . 4 4

Below: LR 4 . 8 0  3 . 3 6
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f i x a t i o n  a n d  to  o b s e r v e  b o th  s t i m u l u s  a r r a n g e m e n t s  s i m u l t a n e o u s l y ,  

s u c h  m o v e m e n ts  w e re  p r e s u m a b l y  th e  sa m e  for bo th  a r r a n g e m e n t s .  It 

i s  p o s s i b l e  t h a t  som e  Ss d id  not  fo l lo w  i n s t r u c t i o n s .  H o w e v e r ,  w h e n  

q u e s t i o n e d  du r ing  th e  e x p e r i m e n t ,  Ss r e p o r t e d  t h a t  the  upp e r  a n d  lo w e r  

t r i a n g l e s  c o u ld  be p e r c e i v e d  in o s c i l l a t i o n  a t  the  sam e  t im e ,  and  th a t  

o n e  m oved  a h e a d  a n d  the  o th e r  b e h i n d .
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E xper im en t  7: V e r t i c a l  TIAM

In th e  TIAM s t u d i e s  w h ic h  h av e  b e e n  r e p o r t e d ,  th e  tw o  s t im u lu s  

f i g u r e s  w ere  s i t u a t e d  to  th e  r igh t  a n d  le f t  of e a c h  o th e r  in  the  v i s u a l  

f i e l d .  The m o v e m e n t  p e r c e i v e d  w a s  th e re fo re  h o r i z o n t a l .  H o w e v e r ,

AM in  d e p th  a l s o  o c c u r s  w h e n  the  s t im u l i  a re  a b o v e  a nd  b e lo w  e a c h  

o th e r  a n d  the  m ov em en t  i s  v e r t i c a l  (S te in ig ,  1929) .  The p u r p o s e  of 

t h i s  e x p e r im e n t  w a s  t o  d e te r m in e  if th e  p r e d o m in a n c e  e f f e c t  o c c u r s  

for  v e r t i c a l  TIAM.

E xper im en t  7A

M e th o d

E ig h te e n  Ss in th e i r  s e c o n d  e x p e r i m e n t a l  s e s s i o n  v i e w e d  tw o  

s t im u lu s  a r r a n g e m e n ts  . The t r i a n g le  f i g u r e s  w ere  d raw n p o in t in g  up 

a nd  d o w n ,  g iv ing  r i s e  to  p e r c e p t i o n  of th e  v i s u a l  f i e l d s  sh o w n  in F ig .  

10. F ix a t io n  w a s  m a i n t a i n e d  on the  common h o r i z o n ta l  l i n e .  For one  

a r r a n g e m e n t  the  R t r i a n g le  w a s  s i t u a t e d  a b o v e  th e  L t r i a n g l e ,  a n d  for 

th e  o th e r ,  L w a s  a b o v e  R. T h e s e  tw o  a r r a n g e m e n t s  for v e r t i c a l  motion  

a re  a n a l o g o u s  t o  th e  RL a n d  LR c o n d i t i o n s  for h o r i z o n ta l  m o t io n .

R e s u l t s

The r e s u l t s  ( s e e  T a b le  7) i n d i c a t e  th e  a b s e n c e  of a p r e d o m in a n c e  

e f f e c t .  The d a ta  for the  tw o  a r r a n g e m e n t s  d id  not  d i f fe r  s i g n i f i c a n t l y  

( t < l ) .  Some Ss  t e n d e d  t o  p re fe r  m o t io n  a h e a d  a n d  som e m otion  b e h in d ,  

but  a h e a d  f r e q u e n c i e s  w ere  g e n e r a l l y  s i m i l a r  for  b o th  a r r a n g e m e n t s .

E xper im en t  7B

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

g iv e  r i s e  t o  v e r t i c a l  TIAM w e re  p r e s e n t e d .  The a im  w a s  a g a i n  to  d e t e r ­

mine if a  p r e d o m in a n c e  e f f e c t  o c c u r s .
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R Above LL Above R

C e n t r a l

F i x a t i o n

(LR)

A V
R

7B.

Right

F i x a t i o n

C e n t r a l

F i x a t i o n

(RL)

A V

Left

F ix a t io n

F ig .  10. C o m b in e d  v i s u a l  f i e l d s  for s t im u lu s  a r r a n g e m e n ts  of 

E xper im ent  7A a n d  7B.
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TABLE 7

E xper im ent  7: M e a n  "Ahead"  for V e r t i c a l  TIAM

Stim ulus

c o n d i t i o n
M e a n  " a h e a d " S . D .

E xper im en t  7A

R a b o v e  L 4 . 6 7 3 .6 9

L a b o v e  R 4 . 7 2 3 .2 9

E xper im en t  7B

C e n t r a l  f i x a t i o n

LR 5 . 2 7 3 .6 4

RL 8 .  07 1 .9 0

Right f ix a t io n 5 .8 0 3 . 6 6

Left  f i x a t io n 6 . 0 0 3 .6 2



M ethod

F i f tee n  Ss in t h e i r  s e c o n d  e x p e r i m e n t a l  s e s s i o n  v i e w e d  four s t i m ­

u lu s  a r r a n g e m e n t s .  C o m b in e d  v i s u a l  f i e l d s  for th e  four a r r a n g e m e n t s  a re  

sh o w n  in F ig .  10.  There  w a s  an  LR a n d  RL a r r a n g e m e n t  w i th  c e n t r a l  f i x ­

a t i o n ,  a nd  one a r r a n g e m e n t  w i th  l e f t  f i x a t io n  a n d  one w i th  r ig h t  f i x a t i o n .

In e a c h  c a s e ,  f i x a t io n  w a s  m a i n t a i n e d  on the  v e r t i c a l  l i n e .

R e su l t s

The  r e s u l t s  are s u m m a r i z e d  in T a b le  7 .  The d a t a  for  the  four  a r r a n g e ­

m e n t s  d i f f e re d  s i g n i f i c a n t l y  ( F = 3 ,5 8 ,  d f = 3 / 4 2 , £ < . 0 5 ) .  P a i r e d  c o m p a r i ­

s o n s  i n d i c a t e d  t h a t  on ly  LR a nd  RL a r r a n g e m e n t s  d i f f e re d  s i g n i f i c a n t l y  

( £ < . 0 5 ) .  A l though  m ov em en t  a h e a d  p r e d o m in a t e d  for bo th  a r r a n g e m e n t s ,  

th e  RL a r r a n g e m e n t  e l i c i t e d  more a h e a d  r e p o r t s  t h a n  th e  LR a r r a n g e m e n t ,  

a  r e s u l t  c o n s i s t e n t  w i th  the  TIAM p r e d o m in a n c e  e f f e c t .  H o w e v e r ,  the  

r e l a t i v e  d i f f e r e n c e  w a s  l e s s  th a n  p r e v i o u s l y  found for  h o r i z o n ta l  m o t io n ,  

and  th e  d i f f e r e n c e  o c c u r r e d  for  o n ly  s e v e n  S s . The m e a n s  fcr  t h e s e  Ss 

for LR an d  RL w e r e ,  r e s p e c t i v e l y ,  1 .5 9  a n d  8 .  14, w h e r e a s  for  th e  r e ­

m a in in g  e i g h t  Ss th e  c o r r e s p o n d i n g  m e a n s  w e re  8 . 1 3  a n d  8 . 5 0 .

D i s c u s s i o n

E xcep t  for the  LR a n d  RL a r r a n g e m e n t s ,  v e r t i c a l  m o v em en t  d id  not 

p ro d u c e  a  p r e d o m in a n c e  e f f e c t .  The e f f e c t  w h ic h  o c c u r r e d  for  LR a n d  RL 

w a s  w e a k  in  c o m p a r i s o n  t o  the  e f f e c t  u s u a l l y  found  for h o r i z o n ta l  TIAM, 

an d  th e  e f f e c t  o c c u r r e d  for  l e s s  t h a n  ha lf  of the  S s . S in ce  on ly  15 Ss 

w e re  t e s t e d ,  a n d  s i n c e  th e  s i g n i f i c a n c e  l e v e l  ( .0 5 )  of th e  LR-RL d i f f e r e n c e  

may be c o n s i d e r e d  m a r g i n a l ,  t h e  e x p e r im e n t  s h o u ld  be  r e p l i c a t e d .  F u r ­

th e rm o re ,  for the  LR a n d  RL a r r a n g e m e n t s  t h e  f ig u re s  w ere  in d i f f e re n t  

h o r i z o n ta l  p o s i t i o n s  a s  w e l l  a s  in  d i f f e r e n t  v e r t i c a l  p o s i t i o n s  in  the  v i s u a l  

f i e l d .  C o n s e q u e n t l y ,  t h e re  w a s  a h o r i z o n ta l  a s  w e l l  a s  a v e r t i c a l  c o m -
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p o n e n t  t o  the  p e r c e i v e d  m o t io n .  The t r i a n g le  a p p e a r e d  to  sw in g  up 

a n d  down in d e p t h ,  but  s u m u l t a n e o u s l y  m oved  from s id e  t o  s i d e .  S ince  

t h e  only  a r r a n g e m e n t s  p ro d u c in g  r e s u l t s  a t  a l l  c o n s i s t e n t  w i th  th e  p r e ­

d o m in a n c e  e f f e c t  w e re  t h o s e  in v o lv in g  som e  h o r iz o n ta l  m o t io n ,  the  p r e ­

d o m in a n c e  e f f e c t  w h i c h  o c c u r r e d  for som e Ss m ay  have  b e e n  due  t o  the  

h o r i z o n ta l  m o tion  c o m p o n e n t .  It  i s  c o n c l u d e d  t h a t  th e  p r e d o m in a n c e  

e f f e c t  d o e s  no t  o c c u r  for  c o m p l e t e ly  v e r t i c a l  TIAM, an d  th a t  fu r the r  

s t u d y  i s  r e q u i r e d  to  v e r i fy  th e  o c c u r r e n c e  of th e  e f f e c t  w h e n  the  v e r t i c a l  

m ovem en t  i n c l u d e s  a h o r i z o n ta l  c o m p o n e n t .



E xper im en t  8: S e p a r a t io n  B e tw een  Figure  

a n d  F ix a t io n  Line 

E x p e r im e n ts  1 - 3 ,  in w h i c h  the  tw o  f ig u r e s  had  a  common v e r t i c a l  

s i d e ,  v e r i f i e d  th e  TIAM p r e d o m in a n c e  e f f e c t ;  s i m i l a r l y ,  E x per im e n ts  5 

a n d  6 a l s o  v e r i f i e d  th e  e f f e c t  e v e n  th o u g h  th e re  w a s  a  s e p a r a t i o n  of 

1 /1 6  in .  b e t w e e n  th e  v e r t i c a l  s i d e  of e a c h  f igure  a nd  th e  f i x a t io n  

l in e  . The p u r p o s e  of th e  p r e s e n t  e x p e r i m e n t  w a s  t o  a s c e r t a i n  fu r th e r  

th e  i n f lu e n c e  of th e  d i s t a n c e  b e tw e e n  the  v e r t i c a l  s i d e  of a t r i a n g le  

a nd  th e  f i x a t i o n  l i n e .

M e th od

T w en ty  Ss w i th  p r io r  e x p e r i e n c e  in a  TIAM e x p e r i m e n t  v i e w e d  

four  s t im u lu s  c a r d s .  For tw o  c a r d s  (an LR a r r a n g e m e n t  on  one  c a rd  

a n d  a n  RL a r r a n g e m e n t  on th e  other)  th e re  w a s  a  1 /1 6  i n .  s e p a r a t i o n  

b e t w e e n  the  v e r t i c a l  s i d e  of e a c h  t r i a n g l e  a n d  t h e  f i x a t io n  l i n e . ^

The s e p a r a t i o n  for  th e  o th e r  tw o  c a r d s  (an LR a r r a n g e m e n t  on one 

c a r d  a n d  an  RL a r r a n g e m e n t  on the  o ther)  w a s  3 / 8  i n .

R e s u l t s  a n d  D i s c u s s i o n  

The r e s u l t s  a re  s u m m a r iz e d  in T a b le  8 .  The d a ta  for th e  four 

a r r a n g e m e n t s  d i f f e r e d  s i g n i f i c a n t l y  (F=26.Q8,  d f = 2 / 5 7 , £ < . 0 0 1 ) ,  

a n d  for  b o th  s e p a r a t i o n s  th e re  w a s  a  s i g n i f i c a n t  LR-RL d i f f e r e n c e  

( j3 ' s< .0 1 )  w h ic h  w a s  c o n s i s t e n t  w i th  th e  TIAM p r e d o m in a n c e  e f f e c t .  

A l though  th e  s i z e  of th e  d i f f e r e n c e  w a s  l a r g e r  a n d  the o v e ra l l  nu m b er  

of a h e a d  r e p o r t s  w a s  s l i g h t l y  l e s s  for 3 / 8  i n .  a s  c o m p a re d  t o  1 /1 6  i n .  

the  d i f f e r e n c e  in s e p a r a t i o n  d id  not  s i g n i f i c a n t l y  in f lu e n c e  the  p redom

The tw o  a r r a n g e m e n t s  w ere  i d e n t i c a l  t o  the  upper  a n d  low e r  
a r r a n g e m e n t s  of F ig .  8 (p . 48) ,  e x c e p t  th a t  e a c h  a r r a n g e m e n t  w a s  
on a  s e p a r a t e  c a r d .
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TABLE 8

E xper im en t  8: M e a n  "Ahead"  a s  a  f u n c t i o n  of S e p a r a t io n

B e tw een  Figure  a n d  F ix a t io n  Line

S t im ulus

c o n d i t i o n
M e a n  " a h e a d " S . D .

1 /1 6  i n .  s e p a r a t i o n

LR 2 . 7 5 2 .49

RL 7 .  10 2 .0 0

3 / 8  i n .  s e p a r a t i o n

LR 1 .9 0 1 .4 5

RL 6 . 4 0 2 .62
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in a n c e  e f f e c t  (jd> . 0 5 ) .  T h u s ,  for s e p a r a t i o n s  of 3 / 8  in .  or l e s s ,  

th e  d e g re e  of s e p a r a t i o n  b e tw e e n  th e  t r i a n g le  a n d  the  f i x a t io n  l in e  

d o e s  not  a f f e c t  the  TIAM p r e d o m in a n c e  e f f e c t .
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Summary of Par t  I

The e x p e r i m e n t s  r e p o r t e d  have  d e m o n s t r a t e d  the  fo l low ing :

1. A p r e d o m in a n c e  e f f e c t  o c c u r s  for o s c i l l a t i o n  in d e p th  on ly  w hen  

th e  s t im u l i  a re  p r e s e n t e d  i n t e r o c u l a r l y .

2 .  The e f f e c t  o c c u r s  for  s e m i c i r c l e s  a s  w e l l  a s  for  t r i a n g l e s ,  a l ­

th o u g h  th e  o v e ra l l  num ber  of a h e a d  r e p o r t s  i s  l o w e r  for  s e m i c i r c l e s .

In g e n e r a l ,  t h e r e  a re  a t  l e a s t  tw ic e  a s  m any  a h e a d  r e p o r t s  for t e m p o ra l  

s t i m u l a t i o n  th a n  for  n a s a l  s t i m u l a t i o n .

3 .  Three  d i f f e r e n t  i n s t r u m e n t s ,  a n  o r ig in a l  model  of th e  B re w s te r  

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

u la r  s t e r e o s c o p e  hav e  b e e n  u s e d  to  p r o d u c e  th e  p r e d o m in a n c e  e f f e c t .

4 .  The e f f e c t  o c c u r s  w i th  or w i th o u t  c o n t in u o u s  b i n o c u l a r  f i x a t i o n .  

F u r th e rm o re ,  the  e f f e c t  d o e s  not d e p e n d  on d i f f e r e n t i a l  e y e m o v e m e n t s .

5 .  The e f f e c t  d o e s  not  d e p e n d  on n a s a l  v e r s u s  t em p o ra l  s t i m u l a t i o n ,  

but  d e p e n d s  on a  d i f f e r e n c e  in the  r e l a t i v e  p o s i t i o n  of th e  tw o  s t im u l i

in th e  v i s u a l  f i e l d .  T h u s ,  LR g i v e s  r i s e  t o  m ovem en t  b e h in d  a n d  RL 

g i v e s  r i s e  t o  m ov em en t  a h e a d .

6 .  T here  a re  s u b s t a n t i a l  i n d iv id u a l  d i f f e r e n c e s  in th e  s t r e n g t h  of 

th e  p re d o m in a n c e  e f f e c t .  For th e  p a r t i c u l a r  s i m u l t a n e o u s  p r e s e n t a t i o n  

in w h ic h  a r r a n g e m e n t  LR i s  a b o v e  a r r a n g e m e n t  RL, in d iv id u a l  d i f f e r e n c e s  

a re  m in im ized  and  th e re  i s  a n  im provem en t  in in d iv id u a l  c o n s i s t e n c y  w i th  

t h e  p re d o m in a n c e  e f f e c t .  For th e  c o n t r a s t i n g  s i m u l t a n e o u s  p r e s e n t a t i o n  

( a r ra n g em e n t  RL a b o v e  a r r a n g e m e n t  LR) i n d iv id u a l  c o n s i s t e n c y  is  a l s o  

im proved  for a m a jo r i ty  of S s , Fcr t h i s  l a t t e r  p r e s e n t a t i o n ,  h o w e v e r ,  

t h e r e  i s  a n  u n e x p la in e d  a t t e n u a t i o n  or r e v e r s a l  of the  p r e d o m in a n c e  

e f f e c t  for the  rem ain ing  Ss .
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7 .  The p r e d o m in a n c e  e f f e c t  d o e s  not o c cu r  for TIAM in a v e r t i c a l  

d i r e c t i o n ,  but  it  may o c c u r  w h en  the  v e r t i c a l  m ovem ent  in v o lv e s  a 

h o r i z o n ta l  c o m p o n e n t .

8 .  The s e p a r a t i o n  b e tw e e n  e a c h  f igu re  a nd  the  f ix a t io n  l in e  (at 

l e a s t  up t o  3 / 8  i n . )  d o e s  not in f lu e n c e  the  p r e d o m in a n c e  e f f e c t .
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Par t  II

P ro p o s e d  E x p la n a t io n  for th e  TIAM P re d o m in a n ce  Effect



The 'd i r e c t i o n  of r o t a t i o n  r u l e '  fo rm u la te d  by  P a s t o r e  ( p . 15) i s  a 

r e l a t i v e l y  s im p le  d e s c r i p t i o n  of the  TIAM p r e d o m in a n c e  e f f e c t ,  bu t  the  

ru le  d o e s  no t  e x p l a i n  w hy  t h e  e f f e c t  o c c u r s .  The fo l lo w ing  t e n t a t i v e  e x ­

p l a n a t i o n  w a s  p r o p o s e d ;  The TIAM s t i m u l i  g iv e  r i s e  t o  p e r c e p t s  w h ic h  

are  e q u i v a l e n t  t o  d o u b le  I m a g e s ,^ a n d  s t e r e o s c o p i c  d e p th  p r o d u c e d  by 

t h e s e  d o u b le  im a g e s  i s  r e l a t e d  to  the  n a tu re  of th e  p e r c e i v e d  TIAM. In 

the  TIAM p r o c e d u r e ,  t h e  r ig h t  a n d  le f t  f i g u r e s  s t i m u l a t e  n o n c o r r e s p o n d ­

ing or d i s p a r a t e  r e t i n a l  p o i n t s ,  a n d  tw o  s e p a r a t e  f i g u r e s  or d o u b le  im­

a g e s  a re  p e r c e i v e d  w h en  the  f i g u r e s  a r e  v i e w e d  s i m u l t a n e o u s l y .  In 

b i n o c u l a r  v i e w i n g ,  d o u b le  im a g e s  w h ic h  a re  p e r c e i v e d  a re  th e  u n f u s e d  

h a l f - i m a g e s  of a  s i n g l e  o b j e c t  in s p a c e .  In th e  TIAM s i t u a t i o n ,  no  

s i n g l e  p h y s i c a l  o b j e c t  p r o d u c e s  t h e  t w o  i m a g e s .  H o w e v e r ,  th e  r e t i n a l  

s t i m u l a t i o n  i s  e q u i v a l e n t  to  th e  s t i m u l a t i o n  p r o d u c e d  in th e  normal  

d oub le  im ag e  s i t u a t i o n .

There  a r e  tw o  t y p e s  of  d o u b le  i m a g e s ,  c r o s s e d  a n d  u n c r o s s e d .  In 

b i n o c u l a r  v i e w i n g ,  a n  o b s e r v e r  may p e r c e i v e  u n c r o s s e d  d o u b le  im a g e s  

of a n  o b j e c t  by  f ix a t in g  on a n e a r e r  o b j e c t .  The d o u b le  im a g e s  of the  

f a r th e r  o b j e c t  a re  s a i d  t o  be  u n c r o s s e d  b e c a u s e  th e  p e r c e p t  r e s u l t i n g  

from s t im u l a t i o n  of th e  l e f t  r e t i n a  i s  p e r c e i v e d  on th e  l e f t  a n d  th e  p e r ­

c e p t  r e s u l t i n g  from s t i m u l a t i o n  of th e  r i g h t  r e t i n a  i s  p e r c e i v e d  on the  

r i g h t .  If th e  o b s e r v e r  f i x a t e s  on t h e  f a r th e r  o b j e c t ,  t h e  d o u b le  im a g e s  

of th e  n e a r e r  o b j e c t  a r e  s a i d  t o  be c r o s s e d  s i n c e  the  p e r c e p t  c o r r e s p o n d ­

ing to  the  im age  p ro d u c e d  on th e  l e f t  r e t i n a  i s  p e r c e i v e d  on th e  r ig h t  and  

th e  p e r c e p t  c o r r e s p o n d in g  to  the  im ag e  p r o d u c e d  on th e  r ig h t  r e t i n a  is  

p e r c e i v e d  on th e  l e f t .  In t e r m s  of r e t i n a l  s t i m u l a t i o n ,  t h e  LR s t im u lu s

^This  i d e a  w a s  s u g g e s t e d  by D r .  Eric H e i n e m a n n .



a r r a n g e m e n t  i s  e q u i v a l e n t  to  p r e s e n t a t i o n  of u n c r o s s e d  d o u b le  im a g e s  

a n d  th e  RL a r r a n g e m e n t  i s  e q u i v a l e n t  t o  p r e s e n t a t i o n  of c r o s s e d  d o u b le  

i m a g e s .  T h u s ,  the  TIAM p r e d o m in a n c e  e f f e c t  may be  a l t e r n a t e l y  s t a t e d  

a s  f o l lo w s :  A l te rn a te  p r e s e n t a t i o n  of u n c r o s s e d  d o ub le  im a g e s  g iv e s  

r i s e  to  m ovem ent  b e h in d  a n d  a l t e r n a t e  p r e s e n t a t i o n  of c r o s s e d  d o u b le  

im a g e s  g i v e s  r i s e  to  m ovem en t  a h e a d .  F ig .  11 i l l u s t r a t e s  th e  th ree  

u n c r o s s e d  (LR) a n d  th e  t h r e e  c r o s s e d  (RL) s t i m u l u s  a r r a n g e m e n t s  w h ic h  

have  b e e n  u s e d  to  p ro d u c e  TIAM. The s o l i d  d o t s  r e p r e s e n t  th e  s t i m u l u s  

f i g u r e s  (the d o u b le  im ag es )  d raw n  on th e  s t im u lu s  c a r d s .  The sm a l l  

c i r c l e s  r e p r e s e n t  th e  n e a r e r  or f a r th e r  l o c a t i o n s  in s p a c e  of th e  s i n g l e  

o b j e c t  w h ic h  w o u ld  g iv e  r i s e  to  th e  d o u b le  i m a g e s .

It h a s  long  b e e n  know n  th a t  f u s io n  of d i s p a r a t e  im a g e s  i s  not  a 

r e q u i r e m e n t  for s t e r e o p s i s  a n d  t h a t  d o u b le  im a g e s  a re  p e r c e i v e d  in 

s t e r e o s c o p i c  d e p th  ( s e e  O g l e ,  1952 ,  for  a  r e v i e w  of e a r l y  s t u d i e s ) .  

U n c r o s s e d  d o u b le  im a g e s  a re  l o c a l i z e d  b e h in d  the p o in t  of f i x a t i o n  a n d  

c r o s s e d  d o u b le  im a g e s  a r e  l o c a l i z e d  a h e a d  of th e  p o in t  of f i x a t i o n .  For 

sm a l l  d i s p a r i t i e s  (sm all  s e p a r a t i o n s  b e t w e e n  i m a g e s ) ,  the  im a g e s  a re  

l o c a l i z e d  a s  d i s t a n t  a s  the  p o s i t i o n  in s p a c e  of th e  o b j e c t  g iv in g  r i s e  

t o  t h e  im a g e s  (O g le ,  19 5 3 ) .  In F ig .  11,  th e  s o l i d  d o t s  (the s t i m u l u s  

f ig u res )  w o u ld  p r e s u m a b l y  be  l o c a l i z e d  a t  th e  p o s i t i o n  of th e  sm a l l  x ' s .  

For l a r g e r  d i s p a r i t i e s ,  t h e re  i s  no  l o n g e r  a  d i r e c t  c o r r e s p o n d e n c e  b e ­

t w e e n  am o u n t  of d i s p a r i t y  a n d  a m o u n t  of d e p t h .  H o w e v e r ,  t h e r e  r e m a in s  

a  q u a l i t a t i v e  s e n s e  of d e p t h  in w h ic h  th e  im a g e s  a re  d i s t i n c t l y  p e r c e i v e d  

a h e a d  or b e h in d  th e  f i x a t io n  p o in t  (O g le ,  19 52 ) .  W i t h  fu r th e r  i n c r e a s e  

in d i s p a r i t y ,  t h e  a b i l i t y  to  d i s c r i m i n a t e  b e t w e e n  a h e a d  a n d  b e h in d  l o c a l ­

i z a t i o n  b e c o m e s  l e s s  c e r t a i n ,  a n d  e v e n t u a l l y  th e  im a g e s  a re  i n d e f i n i t e l y  

l o c a l i z e d .
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- 01

C e n t r a l  F ix a t io n

U n c r o sse d
(LR)

C r o ssed
(RL)

Left F ixa tion

U n c r o sse d
(LR)

C r o sse d
(RL)

Right F ix a tio n

U n c r o sse d
(LR)

C r o sse d
(RL)

F ig .  11.  The s i x  TIAM s t im u lu s  a r r a n g e m e n t s  w h ic h  p r o d u c e  u n ­

c r o s s e d  (LR) and  c r o s s e d  (RL) d o u b le  im a g e s  . H o r iz o n ta l  l i n e s  r e p r e s e n t  

th e  p l a n e  of the  s t i m u l u s  c a r d s  a n d  the  s o l i d  d o t s  r e p r e s e n t  the  L a n d  R 

f i g u r e s .  D o t t e d  l i n e s  r e p r e s e n t  the  l i n e s  of s i g h t  a nd  0 2 ~ 0 i  i s  the  m e a s ­

ure of r e t i n a l  d i s p a r i t y .  The l o c a t i o n  of th e  o b j e c t  t h a t  w o u ld  g iv e  r i s e  

t o  th e  d o u b le  im a g e s  i s  i n d i c a t e d  by  th e  s m a l l  c i r c l e s .  The sm a l l  c r o s s e s  

c o r r e s p o n d  to  the  p r e s u m e d  d e p th  l o c a l i z a t i o n s  of th e  d o u b le  im a g es  .
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The ra n g e  of d i s p a r i t i e s  for w h ic h  d e p th  from d o u b le  im a g e s  i s

p e r c e i v e d  v a r i e s  w i th  r e t i n a l  a r e a  s t i m u l a t e d  and  w i th  the  e x p e r im e n ta l

s i t u a t i o n .  H o w e v e r ,  a c c u r a t e  q u a l i t a t i v e  d e p th  l o c a l i z a t i o n  h as  b e e n
o

d e m o n s t r a t e d  for d i s p a r i t i e s  a s  l a r g e  a s  10 w i th  c e n t r a l  f ix a t io n  

(W e s th e im e r  a n d  T a n z m a n ,  1956) .  S in ce  th e  r e t i n a l  s e p a r a t i o n s  for the  

TIAM s t im u l i  were  w el l  w i th in  t h i s  r a n g e  (the d i s p a r i t y  b e tw e e n  v e r t i c e s
Q

w a s  3 in E xper im en t  l ) , t h e re  i s  a  d i r e c t  c o r r e s p o n d e n c e  b e t w e e n  th e  

n a tu re  of th e  d e p th  l o c a l i z a t i o n  p r e s u m e d  to  o c c u r  a n d  th e  na tu re  of th e  

TIAM p e r c e i v e d  w h e n  th e  d o u b le  im a g e s  a r e  a l t e r n a t e l y  p r e s e n t e d .  U n­

c r o s s e d  im a g e s  (LR) a re  l o c a l i z e d  b e h in d  and  g iv e  r i s e  t o  b e h in d  TIAM 

a n d  c r o s s e d  im a g es  (RL) a re  l o c a l i z e d  a h e a d  a n d  g iv e  r i s e  to  a h e a d  

TIAM. This  c o r r e s p o n d e n c e  b e t w e e n  d e p t h  l o c a l i z a t i o n  a n d  p e r c e i v e d  

TIAM is  th e  b a s i s  for the h y p o t h e s i s  p e r t a in i n g  to  the  r e l a t i o n s h i p  of 

s t e r e o p s i s  to  the  TIAM p re d o m in a n c e  e f f e c t .  This  h y p o t h e s i s  w i l l  be 

r e f e r r e d  to  a s  th e  d o u b le  image  h y p o t h e s i s .

I n t e r o c u la r  p r e s e n t a t i o n  of s t im u l i  h a s  b e e n  sho w n  to  be a  n e c e s ­

s a r y  c o n d i t i o n  for th e  o c c u r r e n c e  of a  p r e d o m in a n c e  e f f e c t  (Experiment  

1). S in c e  on ly  i n t e r o c u l a r  s t im u l a t i o n  p r o d u c e s  r e t i n a l  d i s p a r i t y ,  t h i s  

r e s u l t  i s  c o n s i s t e n t  w i th  the d o u b le  im age  h y p o t h e s i s .  In E xper im en t  

4 ,  th e  p r e d o m in a n c e  e f f e c t  w a s  found  to  o c c u r  for a l l  RL a n d  LR a r r a n g e ­

m e n t s ,  and  not  on ly  for  N a nd  T a r r a n g e m e n t s .  T h is  r e s u l t  i s  c o n s i s t e n t  

w i th  th e  d o u b le  im age  h y p o t h e s i s  s i n c e  n a s a l  or t em p o ra l  s t i m u l a t i o n  of 

th e  tw o  r e t i n a s  i s  not  n e c e s s a r y  for p ro d u c in g  d o u b le  i m a g e s .  In E x p e r -  

ment  7 ,  a  p r e d o m in a n c e  e f f e c t  d id  not  o c c u r  for  v e r t i c a l  TIAM w h e n  

t h e r e  w a s  no  h o r i z o n ta l  s e p a r a t i o n  b e t w e e n  s t i m u l i .  T h e s e  s t im u lu s  

a r r a n g e m e n t s  p ro d u ce  v e r t i c a l  r a th e r  th a n  h o r i z o n ta l  d i s p a r i t y ,  and  

v e r t i c a l  d i s p a r i t y  d o e s  not  p ro d u ce  s t e r e o p s i s  (O g le ,  1955) .  T h u s ,
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no p r e d o m in a n c e  e f f e c t  o c c u r re d  in the  a b s e n c e  of the  n e c e s s a r y  c o n ­

d i t i o n  for s t e r e o p s i s ,  a r e s u l t  c o n s i s t e n t  w i th  the  doub le  image  h y ­

p o t h e s i s  ,

In o rder  t o  o b t a in  a d d i t i o n a l  e v i d e n c e  p e r t a in in g  to  the  v a l i d i ty  

of th e  doub le  im age  h y p o t h e s i s ,  a s e c o n d  s e r i e s  of e x p e r im e n t s  w a s  

c a r r i e d  o u t .  E x p e r im e n ts  w e re  d e s i g n e d  to  v e r i fy  th e  a s s u m p t i o n  th a t  

th e  TIAM s t im u l i  a re  p e r c e i v e d  in s t e r e o s c o p i c  d e p t h  a n d  to  d e te rm in e  

if  t h e s e  d e p th  e f f e c t s  a re  r e l a t e d  to  the  TIAM w h ic h  i s  p e r c e i v e d .
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Exper im en t  9: Dot S t im uli

If s t e r e o p s i s  is r e l a t e d  to  TIAM be in g  p e r c e i v e d  a h e a d  or b e h in d ,  

th en  it s h o u ld  a f f e c t  i n t e r o c u l a r  AM e v e n  w hen  th e  AM is p l a n a r .  For 

e x a m p le ,  if tw o  sm a l l  d o t s  a re  p r e s e n t e d  a l t e r n a t e l y ,  a  s i n g le  dot  is  

p e r c e i v e d  moving h o r i z o n ta l l y  to  an d  fro w i th in  th e  p l a n e  of f i x a t i o n .

If t h e  d o t s  a re  p r e s e n t e d  i n t e r o c u l a r l y , the  d oub le  image  h y p o t h e s i s  

l e a d s  to  the  p r e d i c t i o n  th a t  a l t h o u g h  th e  m o v em en t  may s t i l l  be p l a n a r ,  

the  p a th  of th e  dot  w i l l  be p e r c e i v e d  in  a  p l a n e  c l o s e r  t o  or f a r th e r  from 

the  o b s e r v e r  th an  th e  p l a n e  of f i x a t i o n .  Thus  for  LR s t i m u l a t i o n  th e  dot 

s h o u ld  be p e r c e i v e d  to  move in a p l a n e  b e h in d  th e  f i x a t io n  p l a n e ,  a n d  

for RL s t im u l a t i o n  th e  dot  s h o u ld  be p e r c e i v e d  to  move in a p l a n e  a h e a d  

of th e  f i x a t io n  p l a n e .  T h is  e x p e r im e n t  w a s  d e s i g n e d  to  t e s t  t h e s e  

p r e d i c t i o n s  .

M e th o d

T w e n t y - s i x  Ss w ere  u s e d .  Four s t i m u l u s  a r r a n g e m e n t s  w e re  p r e ­

s e n t e d  to  15 Ss and  four a d d i t i o n a l  a r r a n g e m e n t s  w ere  p r e s e n t e d  to  

a s e c o n d  group  of 15 Ss . The s e c o n d  group  i n c l u d e d  4 Ss of the  f i r s t  

g r o u p .  Only  s i x  of the  s t im u lu s  a r r a n g e m e n t s  w e re  r e l e v a n t  to  th e  

p r e s e n t  e x p e r i m e n t .  Two of t h e  a r r a n g e m e n ts  p r e s e n t e d  to  th e  s e c o n d  

g roup  wil l  be  d i s c u s s e d  a s  p a r t  of E x per im en t  11.

The s i x  s t i m u l u s  a r r a n g e m e n ts  a re  i l l u s t r a t e d  in F ig .  12.  The d o ts  

w e re  3 /3 2  in .  in d i a m e t e r .  For tw o  a r r a n g e m e n t s  (LR a n d  RL), th e re  

w a s  a c e n t r a l  f i x a t io n  l i n e ,  w i th  th e  d o t s  3 / 1 6  i n .  from th e  l i n e .  For 

t w o  a r r a n g e m e n t s  (LR a n d  RL) th e  f i x a t io n  l in e  w a s  to  t h e  l e f t  of th e  

d o t s ,  w i th  a  l / 8  i n .  s e p a r a t i o n  b e t w e e n  the  l in e  a n d  t h e  c l o s e r  d o t ,

For a l l  a r r a n g e m e n t s ,  th e  s e p a r a t i o n  b e tw e e n  t h e  c e n t e r s  of th e  two 

d o t s  in the  v i s u a l  f ie ld  w a s  3 / 8  i n .  The two s t i m u l u s  a r r a n g e m e n ts
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S t im u lu s  A r ra n g e m e n t s V i s u a l  F i e ld s  

L R

C e n t r a l

F i x a t i o n R L

Left

F ix a tio n

L R

R L

N o

"O bstruction  "

I L  I  R
•  •  •

I I

I «l
•  •  •

I I
L eft Eye Right Eye

F ig .  12. The th re e  s t i m u l u s  a r r a n g e m e n ts  of Exper im en t  9 .  

There  w a s  an  LR an d  RL c o n d i t i o n  for e a c h .
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p r e s e n t e d  to  th e  s e c o n d  s u b j e c t  g roup  w ere  s im i la r  to  th e  c e n t r a l  

f i x a t i o n  a r r a n g e m e n t s  e x c e p t  t h a t  th e re  w a s  a 1 /4  i n .  gap  in the  m id ­

dle  of t h e  f i x a t io n  l i n e .  W h e n  th e  l in e  i s  c o n t i n u o u s ,  i t  m ay  a c t  a s  

a n  " o b s t r u c t i o n "  to  t h e  p a th  of m ov em en t  of the  d o t .  As a  r e s u l t ,  

som e Ss p e r c e i v e  AM in d e p th  r a th e r  t h e n  p l a n a r  AM.

R e s u l t s

The r e s u l t s  ( s e e  T a b le  9) w e re  a s  p r e d i c t e d .  The d a t a  for  th e  

four a r r a n g e m e n t s  p r e s e n t e d  to  th e  f i r s t  g roup  d i f f e re d  s i g n i f i c a n t l y  

(F = 1 4 .4 4 ,  d f = 3 / 4 2 , £ < . 0 0 l )  a n d  th e  m ean  for e a c h  c o n d i t i o n  w a s  

c o n s i s t e n t  w i th  the p r e d o m in a n c e  e f f e c t .  LR and  RL m e a n s  d i f f e r e d  

s i g n i f i c a n t l y  for b o th  c e n t r a l  a n d  le f t  f i x a t i o n  ( £ ' s < . 0 1 ) .  C e n t r a l  

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

d id  l e f t  f i x a t i o n  ( £ < . 0 5 ) .  The p r e s e n c e  of t h e  c e n t r a l  l i n e  s o m e ­

t im e s  g a v e  r i s e  to  r e p o r t s  of AM in d e p t h  r a t h e r  t h a n  p l a n a r  AM. The 

dot w a s  p e r c e i v e d  to  o s c i l l a t e  in  a n  a rc  a h e a d  or b e h in d  th e  l i n e .  For 

c e n t r a l  f i x a t i o n  w i t h  no " o b s t r u c t i o n ,  " on ly  p l a n a r  m ov em en t  w a s  

p e r c e i v e d  a n d  th e  r e s u l t s  w e re  c o n s i s t e n t  w i th  th e  p r e d o m in a n c e  

e f f e c t .  LR a n d  RL m e a n s  d i f f e r e d  s i g n i f i c a n t l y  ( t = 5 . 5 5 ,  df= 14, 

£ < . 0 0 1 ) ,  a n d  m o t io n  b e h in d  p r e d o m in a t e d  for LR a n d  m otion  a h e a d  

p r e d o m in a t e d  for RL. C o m p a r i s o n  w i th  the  d a t a  for  c e n t r a l  f i x a t io n  

i n d i c a t e d  t h a t  t h e  p r e s e n c e  of t h e  " o b s t r u c t i o n ” l e d  to  s i g n i f i c a n t l y  

f ew er  a h e a d  r e p o r t s  ( F = 9 .0 4 ,  df= 1 / 2 8 ,  £ < . 0 l ) .

D i s c u s s i o n

The e x p e r im e n t  d e m o n s t r a t e d  th a t  t h e r e  i s  a d i f f e r e n t i a l  e f f e c t  

of LR a n d  RL s t i m u l a t i o n  on i n t e r o c u l a r  AM w h e n  th e  p e r c e i v e d  m o v e ­

m en t  i s  not  t r i d i m e n s i o n a l .  The p r e d o m in a n c e  e f f e c t  i s  t h e r e f o re  not 

l im i te d  t o  TIAM, bu t  o c c u r s  for b i d i m e n s i o n a l  i n t e r o c u l a r  AM a s  w e l l .
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TABLE 9

E xper im en t  9: M e a n  "Ahead" for P la n a r  AM of Dots

S t im u lu s

c o n d i t i o n
M e a n  " a h e a d "  S .D ,

C e n t r a l  f i x a t io n

LR 1 . 0 0  1 .6 3

RL 5 . 6 7  3 . 6 6

Left  f i x a t io n

LR 3 . 0 7  3 . 0 6

RL 7 . 3 3  2 . 9 0

C e n t r a l  f i x a t i o n ,  

no  " o b s t r u c t i o n "

LR 3 . 1 3  2 . 9 9

RL 8 . 1 3  2 . 0 4
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Th is  r e s u l t  i s  c o n s i s t e n t  w i th  th e  d o u b le  image  h y p o t h e s i s  s i n c e  

s t e r e o s c o p i c  d e p th  in d o u b le  im a g e s  s h o u ld  be p r e s e n t  r e g a r d l e s s  

of w h e t h e r  the  p e r c e i v e d  m ovem ent  i s  p l a n a r  or t r i d i m e n s i o n a l .  In 

t h i s  e x p e r im e n t  the  b e h in d  a nd  a h e a d  d e p th  l o c a l i z a t i o n  p r o d u c e d  by 

LR a n d  RL a r r a n g e m e n t s  w ere  d i r e c t l y  o b s e r v e d .

A s e c o n d  r e s u l t  of th e  e x p e r im e n t  w a s  t h a t  th e  p r e s e n c e  of 

a n  " o b s t r u c t i o n "  t o  th e  p a t h  of m ovem en t  a f f e c t e d  the  m ovem ent  

p e r c e i v e d .  B e s id e s  the  f a c t  t h a t  o s c i l l a t i o n  in d e p th  r a t h e r  th a n  

p l a n a r  m ovem en t  w a s  s o m e t i m e s  p e r c e i v e d ,  th e re  w a s  a n  i n c r e a s e  

in th e  o v e ra l l  f r e q u e n c y  of b e h in d  r e p o r t s .  There  w a s  a p p a r e n t l y  a  

g r e a t e r  n a tu r a l  p r e f e r e n c e  for  p e r c e i v i n g  th e  dot  p a s s  b e h i n d  th e  

l in e  t h a n  a h e a d  of the  l i n e ,  and  t h i s  p r e f e r e n c e  a f f e c t e d  b o th  LR 

a n d  RL c o n d i t i o n s .  The g r e a t e r  nu m b er  of b e h in d  r e p o r t s  for  c e n t r a l  

a s  c o m p a r e d  to  l e f t  f i x a t i o n  may a l s o  hav e  b e e n  d u e  to  t h e  p r e s e n c e  

of th e  " o b s t r u c t i o n "  for c e n t r a l  f i x a t i o n .



E xper im en t  10: S t a t i c  D e p th  L o c a l i z a t io n  

of S t im uli  P r e s e n t e d  I n t e r o c u la r ly

One b a s i s  for th e  d o u b le  image  h y p o t h e s i s  is  th e  a s s u m p t i o n  th a t  

th e  TIAM f ig u r e s  a re  e q u i v a l e n t  to  d o u b le  im a g e s  an d  are  l o c a l i z e d  in 

s t e r e o s c o p i c  d e p t h .  This  e x p e r im e n t  w a s  d e s i g n e d  to  t e s t  th e  p r e ­

d i c t i o n  t h a t  LR f ig u re s  a re  l o c a l i z e d  b e h in d  the f i x a t i o n  l in e  a n d  th a t  

RL f ig u r e s  a re  l o c a l i z e d  a h e a d  of th e  f i x a t io n  l i n e .

E xper im en t  10A: T r ia n g le s

M e th o d

S u b j e c t s  and  s t i m u l u s  c o n d i t i o n s .  T w en ty  Ss in t h e i r  s e c o n d  

e x p e r i m e n t a l  s e s s i o n  v i e w e d  four s t i m u l u s  a r r a n g e m e n t s  w h ic h  had  

b e e n  u s e d  in p r e v i o u s  e x p e r i m e n t s .  T here  w a s  a n  RL and  LR a r r a n g e ­

m en t  for t r i a n g l e s  w i th  a  c e n t r a l  f i x a t io n  l in e  (from E xper im ent  8) and  

for t r i a n g l e s  w i t h  a  l e f t  f ix a t io n  l in e  (from E x p er im en t  4 ) .

P r o c e d u r e . O n ly  c o n t i n u o u s l y  p r e s e n t e d  v i s u a l  f i e l d s  w e re  v i e w e d .  

For  e a c h  t r i a l ,  £> tu r n e d  t h e  s w i t c h e s  on and  o b t a i n e d  p ro p e r  f u s i o n .  

W i t h  f i x a t io n  m a i n t a i n e d  on th e  v e r t i c a l  l i n e ,  Ŝ t h e n  r e p o r t e d ,  in  a 

fo rc e d  c h o ic e  s i t u a t i o n ,  w h e th e r  t h e  t w o  t r i a n g l e s  a p p e a r e d  a h e a d  of 

th e  l in e  ( r e l a t i v e ly  c lo s e r )  or b e h in d  t h e  l in e  ( r e l a t i v e l y  f a r t h e r ) .

R e s u l t s

The r e s u l t s  ( s e e  T a b le  10) i n d i c a t e  t h a t  at l e a s t  for c e n t r a l  f i x ­

a t i o n ,  th e r e  w a s  a t e n d e n c y  t o  l o c a l i z e  LR t r i a n g l e s  b e h in d  th e  f i x a t io n  

l in e  a n d  RL t r i a n g l e s  a h e a d  of th e  l i n e .  The d a t a  for th e  four  a r r a n g e ­

m e n t s  d i f f e re d  s i g n i f i c a n t l y  (F= 1 4 . 3 1 ,  d f = 3 / 5 7 , £ < . 0 0 1 )  a n d  th e r e  w a s  

a  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  LR a n d  RL for c e n t r a l  f i x a t io n  ( £ < . 0 1 ) . 

T here  w e re  a l s o  more a h e a d  r e p o r t s  for RL th a n  LR for l e f t  f i x a t i o n ,  but  

the  d i f f e r e n c e  w a s  not  s i g n i f i c a n t  ( £ > . 0 5 ) .
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TABLE 10

E xper im en t  10: D ep th  L o c a l i z a t i o n  "AheacT'as a F u n c t io n

of LR and  RL S t im u lu s  A r ra n g em en ts

S t im u lus

c o n d i t i o n
M e a n  " a h e a d " S . D .

E xper im en t  10A: T r ia n g le s

C e n t r a l  f i x a t io n
LR 2 . 0 5 2 . 3 1
RL 7 . 7 0 2 . 4 1

Left  f i x a t io n
LR 4 . 4 5 3 .0 9
RL 5 . 15 3 .0 7

E xper im en t  10B: Dots

C e n t r a l  f i x a t i o n
LR 2 . 2 0 2 .79
RL 5 . 5 0 3.  15

Left  f i x a t io n
LR 3 . 0 5 3 .3 1
RL 6 . 9 0 3 .1 1

E xper im en t  10C: C o n t ro l  for c o n v e r g e n c e

Above:  LR 1 .7 2 2 .36
Below: RL 7 . 2 8 2 .38

Above: RL 5 . 3 2 2 .72
Below: LR 3 . 1 2 2 .72

Above:  LR 1 .6 8 1 .6 9
Below: LR 3 . 0 0 2 .06

Above:  RL 4 . 8 0 2 .8 0
Below: RL 6 . 6 0 2 . 7 7



W it h  c e n t r a l  f i x a t i o n ,  S s  u s u a l l y  found it e a s y  to make  d e p th  

j u d g m e n t s  a nd  m os t  r e p o r t e d  p e r c e i v i n g  d i s t i n c t  d i f f e r e n c e s  in the  

r e l a t i v e  d e p th  l o c a l i z a t i o n  of th e  t r i a n g l e s  a nd  t h e  l i n e .  Ju d g m en ts  

w i t h  l e f t  f i x a t io n  w ere  g e n e r a l l y  more d i f f ic u l t  t o  m a k e ,  due  a t  l e a s t  

in pa r t  to  the  f a c t  th a t  the  f i g u r e s  w e re  p e r ip h e r a l  a n d  l e s s  d i s t i n c t .  

Th is  may p a r t l y  a c c o u n t  for  the  l a c k  of a s i g n i f i c a n t  d i f f e r e n c e  b e ­

t w e e n  LR a n d  RL.

Two a d d i t i o n a l  o b s e r v a t i o n s  w e re  o c c a s i o n a l l y  r e p o r t e d .  A few  

Ss r e p o r t e d  p e r c e i v i n g  r e v e r s a l s  in  d e p th  l o c a l i z a t i o n .  T h u s ,  if th e  

t r i a n g l e s  f i r s t  w ere  l o c a l i z e d  a h e a d ,  there  w a s  a  r e v e r s a l  t o  b e h in d  

l o c a l i z a t i o n  a f t e r  p r o lo n g e d  v ie w in g  . A lso ,  the  R a nd  L t r i a n g l e s  

s o m e t im e s  a p p e a r e d  to  b e  o p p o s i t e l y  l o c a l i z e d ,  w i th  one a h e a d  and  

th e  o th e r  b e h i n d .

E x p e r im e n t  10B: Dots

The p r e c e d i n g  E xper im en t  10A d e m o n s t r a t e d  s t a t i o n a r y  d e p th  e f f e c t s  

for t r i a n g l e s .  The p r e s e n t  s t u d y  r e p e a t e d  th e  s a m e  p r o c e d u r e  for  d o t s .  

M e th o d

T w en ty  Ss  hav ing  no  p r io r  e x p e r i e n c e  w i th  th e  dot  s t im u l i  w ere  

u s e d .  The four dot  a r r a n g e m e n t s  p r e s e n t e d  t o  t h e  f i r s t  group  in 

E xper im en t  9 (LR a n d  RL for  c e n t r a l  a nd  le f t  f ix a t io n )  w e re  p r e s e n t e d  

u s in g  the  s a m e  p r o c e d u re  a s  u s e d  in th e  p r e c e d i n g  e x p e r i m e n t .

R e s u l t s

The r e s u l t s  ( se e  T a b le  10) c o n f i rm ed  th e  e x i s t e n c e  of s t a t i o n a r y  

d e p th  e f f e c t s .  The d a t a  for  th e  four a r r a n g e m e n t s  d i f f e r e d  s i g n i f i ­

c a n t l y  (F = 1 2 .9 7 ,  d f = 3 / 5 7 , £ < . 0 0 1 ) ,  a n d  for  b o th  c e n t r a l  a n d  le f t  

f i x a t i o n ,  RL l e d  t o  s i g n i f i c a n t l y  more a h e a d  r e p o r t s  t h a n  d id  LR 

( £ ' s < . 0 1 ) .  The a h e a d  d e p th  m e a n s  w ere  c o m p a ra b le  t o  the  a h e a d



m otion  m e a n s  o b t a i n e d  p r e v i o u s l y  w i th  the  s a m e  s t im u lu s  c a r d s  in 

E xper im en t  9 (Table  9 ) .  A l s o ,  a s  o c c u r r e d  w i th  t r i a n g l e s  in th e  p r e ­

c e d i n g  e x p e r im e n t  1QA, a few  Ss o b s e r v e d  d e p th  r e v e r s a l s  or o p p o ­

s i t e  d e p th  l o c a l i z a t i o n  for R a n d  L f i g u r e s  .

Exper im en t  IOC; C o n t ro l  for C o n v e r g e n c e

The tw o  p r e c e d in g  e x p e r i m e n t s  c o n f i rm ed  th e  e x i s t e n c e  of d e p th  

e f f e c t s  a s s o c i a t e d  w i th  RL a n d  LR s t i m u l a t i o n .  There  i s  a  d e p th  l o ­

c a l i z a t i o n  p r e d o m in a n c e  e f f e c t  w h i c h  c o r r e s p o n d s  t o  th e  TIAM p r e ­

d o m in a n c e  e f f e c t .  H o w e v e r ,  th e  a h e a d  or b e h in d  de p th  l o c a l i z a t i o n  

is  not  n e c e s s a r i l y  due  t o  s t e r e o p s i s ,  for it  i s  p o s s i b l e  t h a t  d i f f e r e n ­

t i a l  c o n v e r g e n c e  might  be  i n v o lv e d .  E v id e n c e  h as  b e e n  r e p o r t e d  

w h ic h  s u g g e s t s  t h a t  c o n v e r g e n c e  c a n  s e r v e  a s  a u se fu l  d e p th  cue  

( C f . R ich a rd s  a n d  M i l l e r ,  1969) . A l though  th e  c o n v e r g e n c e  a n g le  

s h o u ld  t h e o r e t i c a l l y  be i d e n t i c a l  for  LR a n d  RL a r r a n g e m e n t s ,  it is  

l i k e l y  t h a t  in p r a c t i c e  t h e r e  a re  s l i g h t  d i f f e r e n c e s .  C o n s e q u e n t l y ,  

t h e  p r e s e n t  e x p e r im e n t  w a s  d e s i g n e d  t o  c o n t ro l  for  the  p o s s i b l e  ro le  

of c o n v e r g e n c e  d i f f e r e n c e s .

M e th o d

S u b j e c t s  a n d  s t i m u l u s  c o n d i t i o n s .  T w e n t y - f i v e  Ss w e re  u s e d .  The 

four  s t im u lu s  c a r d s ,  e a c h  hav in g  a n  uppe r  a n d  lo w e r  a r r a n g e m e n t ,  a re

7
For bo th  LR and  RL s t i m u l u s  c o n d i t i o n s ,  th e  tw o  l i n e s  to  be f u s e d  

( the v e r t i c a l  f i x a t io n  l i n e s  or th e  v e r t i c a l  s i d e s  of the  tw o  f ig u res )  were  
a l w a y s  d raw n  on th e  s t i m u l u s  c a r d  w i th  e x a c t l y  the  sa m e  3 in .  s e p a r a ­
t i o n .  T h e re fo re ,  w hen  a n  s l i d e s  the  box  t o  a d j u s t  th e  d i s t a n c e  b e ­
tw e e n  the  s t i m u l u s  c a r d  a n d  th e  v i e w e r  in o rder  t o  o b t a in  p ro p e r  f u s i o n ,  
th e  op t im al  p o s i t i o n  s h o u ld  be  th e  sa m e  for LR a n d  RL. H o w e v e r ,  in  
p r a c t i c e  t h e r e  a re  u s u a l l y  s l i g h t  d i f f e r e n c e s ,  a n d  for som e Ss th e  p o s i ­
t io n  d i f f e r e n c e  i s  s u b s t a n t i a l .  F u r th e rm o re ,  t h e  d i f f e r e n c e s  o c c u r  in  
a  c o n s i s t e n t  m a n n e r ,  w i th  LR re q u i r in g  a  c l o s e r  p o s i t i o n  th a n  RL. T h is  
is  e q u i v a l e n t  t o  the  a p p a r e n t  d i s t a n c e  b e tw e e n  l i n e s  b e in g  c l o s e r  for 
LR th a n  for RL. The r e s u l t  i s  a  s l i g h t  d i f f e r e n c e  in c o n v e r g e n c e  a n g le  
b e t w e e n  th e  tw o  c o n d i t i o n s .
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S t im u lu s  A r r a n g e m e n t s  V i s u a l  F i e l d s

L R
• * • •

•  • • •
R L

R

L eft Eye Right Eye

Fig .  13. S t im u lus  a r r a n g e m e n t s  of E xper im en t  IOC.



i l l u s t r a t e d  in F ig .  13. The d o t s  w e re  3 / 1 6  i n .  from the v e r t i c a l  and  

h o r i z o n ta l  l i n e s .  The f i r s t  c a r d  had  a n  LR a r r a n g e m e n t  a b o v e  and  an  

RL a r r a n g e m e n t  b e lo w ,  a n d  th e  s e c o n d  c a r d  w as  i d e n t i c a l ,  e x c e p t  

t h a t  upp e r  a n d  lo w e r  a r r a n g e m e n t s  were  r e v e r s e d .  The th i rd  c a rd  

had  tw o  LR a r r a n g e m e n t s  a n d  the  four th  had  tw o  RL a r r a n g e m e n t s .

The v i s u a l  f i e l d s  for a l l  a r r a n g e m e n t s  a p p e a r e d  i d e n t i c a l .

Pr o c e d u r e . As in E x p e r im e n ts  1QA a n d  10B, on ly  th e  c o n t i n u o u s l y  

p r e s e n t e d  v i s u a l  f i e ld s  w ere  v i e w e d .  Ss  w ere  i n s t r u c t e d  to  f ix a te  on 

th e  i n t e r s e c t i o n  of th e  h o r i z o n ta l  a nd  v e r t i c a l  l i n e s  a n d  to  v i e w  a l l  four 

d o t s  s i m u l t a n e o u s l y .  They w e re  s p e c i f i c a l l y  to ld  no t  t o  lo o k  s e p a r a t e l y  

a t  the  up p e r  a n d  lo w e r  d o t s .  T h is  p ro c e d u re  w a s  a s s u m e d  to  have  e l i m ­

i n a t e d  d i f f e r e n t i a l  c o n v e r g e n c e  for the  tw o  a r r a n g e m e n t s  s i n c e  two 

d i f f e r e n t  c o n v e r g e n c e  a n g l e s  c a n n o t  o c c u r  s i m u l t a n e o u s l y .  Ss  were  

i n s t r u c t e d  to  m ake  s e p a r a t e  d e p th  j u d g m e n t s  (w h e th e r  the  p a i r  of d o t s  

a p p e a r e d  a h e a d  or b e h i n d  t h e  v e r t i c a l  l ine)  for th e  upp e r  a n d  low er  

p a i r s .  A r ep o r t  w a s  f i r s t  m ade  for  the  uppe r  p a i r ,  i m m e d ia te ly  f o l ­

lo w e d  by a r ep o r t  for the  lo w e r  p a i r .  Ss w ere  r e m in d e d  s e v e r a l  t im e s  

du r ing  th e  s e r i e s  of t r i a l s  to  v i e w  b o th  p a i r s  of d o t s  s i m u l t a n e o u s l y .  

R e s u l t s

The r e s u l t s  a re  su m m a r iz e d  in T a b le  10. The c o n t ro l  for c o n v e r ­

g e n c e  h ad  no a p p a r e n t  e f f e c t  on th e  d e p th  p r e d o m in a n c e  e f f e c t  d e m o n ­

s t r a t e d  in E x p e r im e n ts  10A and  10B. A ls o ,  a n  a b o v e - b e l o w  p o s i t i o n  

e f f e c t  o c c u r r e d  w h ic h  i s  s i m i l a r  to  th e  p o s i t i o n  e f f e c t  found  for TIAM 

in E xper im en t  5 .  The d a t a  for  t h e  e ig h t  a r r a n g e m e n t s  d i f f e r e d  s i g n i f i ­

c a n t ly  ( £ = 1 5 .6 8 ,  d f = 7 / l 6 8 ,  £ < . 0 0 1 ) ,  a n d  the  d i f f e r e n c e s  b e t w e e n  

m e a n s  w e re  c o n s i s t e n t  w i th  th e  p r e d o m in a n c e  e f f e c t .
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LR a nd  RL on  s a m e  s t im u lu s  c a r d . W h e n  LR w a s  a b o v e  a n d  RL 

b e lo w ,  th e re  w a s  a ve ry  s t ro ng  d e p th  p r e d o m in a n c e  e f f e c t .  The LR- 

RL d i f f e r e n c e  w a s  s i g n i f i c a n t  ( £ < . 0 1 ) ,  a n d  the d i f f e r e n c e  w as  l a rg e r  

th an  found w i th  s e p a r a t e  v ie w in g  of e a c h  a r r a n g e m e n t  in Exper im ent  

10B. The num ber  of a h e a d  r e p o r t s  for RL w a s  g r e a t e r  th a n  th e  num ber  

for LR for e a c h  of 19 S s , a n d  th e  RL-LR d i f f e r e n c e  e x c e e d e d  f ive for 

18 S s .  On th e  o th e r  h a n d ,  w h e n  RL w a s  a b o v e  a n d  LR w a s  b e lo w  the  

LR-RL d i f f e r e n c e  w a s  a t t e n u a t e d  in c o m p a r i s o n  w i t h  th e  d i f f e r e n c e  

found  in E xper im ent  10B. A ls o ,  a s  o c c u r r e d  in th e  a n a l o g o u s  TIAM 

s t u d i e s  (Exper iment  5), th e re  w e re  tw o  t y p e s  of Ss . E ach  of 15 Ss 

w a s  c o n s i s t e n t ,  a n d  m e a n s  for t h i s  group  for LR an d  RL, r e s p e c t i v e l y ,  

w e re  1 .1 3  a n d  6 . 7 3 .  The d a ta  for  e a c h  of 10 Ss sh o w e d  a  l o s s  or 

r e v e r s a l  of the  e f f e c t .  LR a n d  RL m e a n s  for t h e s e  Ss w e re  6 .  10 a n d  

3 . 2 0 .

Two LR a r r a n g e m e n t s  a n d  tw o  RL a r r a n g e m e n t s . The r e s u l t s  for 

t h e s e  s t im u lu s  c a r d s  s u g g e s t  t h e  o c c u r r e n c e  of a n  u p p e r - l o w e r  p o s i ­

t io n  e f f e c t .  W h e n  th e re  w e re  tw o  LR a r r a n g e m e n t s ,  b o th  u p p e r  a n d  

lo w e r  a r r a n g e m e n t s  g a v e  r i s e  t o  a  b e h in d  p r e d o m i n a n c e .  H o w e v e r ,  

t h e re  w ere  more a h e a d  r e p o r t s  fo r  the  upp e r  a r r a n g e m e n t  th a n  for the  

lo w e r  a r r a n g e m e n t .  A s i m i l a r  u p p e r - l o w e r  d i f f e r e n c e  o c c u r r e d  w h e n  

th e re  were  tw o  RL a r r a n g e m e n t s .  T h u s ,  o m it t in g  the  e f f e c t s  of LR 

v e r s u s  RL s t i m u l a t i o n ,  t h e r e  w a s  a  c o n s i s t e n t  t e n d e n c y  to w a rd  p e r ­

c e i v i n g  l o c a l i z a t i o n  b e h in d  for uppe r  p o s i t i o n  a n d  to w a rd  p e r c e i v i n g  

l o c a l i z a t i o n  a h e a d  for lo w e r  p o s i t i o n .  T h e s e  p o s i t i o n  e f f e c t s  c o u ld  

a c c o u n t  for th e  r e l a t i v e  i n c r e a s e  in th e  LR-RL d i f f e r e n c e  w h ic h  o c c u r ­

r e d  w hen  LR w a s  a b o v e  RL a n d  t h e  r e l a t i v e  d e c r e a s e  in  t h e  LR-RL 

d i f f e r e n c e  w h ic h  o c c u r re d  w h en  RL w a s  a b o v e  LR. I n s p e c t i o n  of the
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in d iv id u a l  d a ta  i n d i c a t e d  th a t  the  Ss w ho  sh o w e d  a p o s i t i o n  e f f e c t  for 

t h e s e  tw o  s t im u lu s  c a r d s  w ere  not  n e c e s s a r i l y  the  o n e s  w ho  sh o w ed  

a p o s i t i o n  e f f e c t  w hen  RL w as  a b o v e  LR. The d i f f e r e n c e s  b e tw e e n  

a b o v e  a nd  b e lo w  w h ic h  o c c u r r e d  w hen  t h e  upper  and  low er  p o s i t i o n s  

c o n ta in e d  th e  s a m e  a r r a n g e m e n t  did  not  o c c u r  for th e  a n a l o g o u s  TIAM 

s t im u lu s  c a r d s  of Exper im en t  5B. H o w e v e r ,  th e  tw o  e x p e r i m e n t s  a re  

not  p e r f e c t l y  c o m p a ra b le  s i n c e  t h e r e  w a s  a  l a r g e r  v e r t i c a l  s e p a r a t i o n  

b e tw e e n  a r r a n g e m e n t s  a n d  th e  tw o  o b s e r v a t i o n s  w ere  not  s i m u l t a n e o u s  

in the  TIAM e x p e r i m e n t .

D i s c u s s i o n

T h e s e  th re e  e x p e r i m e n t s  have  p r o v id e d  e v i d e n c e  w h i c h  is  c o n s i s ­

t e n t  w i th  th e  h y p o t h e s i s  t h a t  th e  TIAM p re d o m in a n c e  e f f e c t  i s  r e l a t e d  

t o  s t e r e o s c o p i c  d e p th  in d o u b le  i m a g e s .  The LR f ig u re s  ( u n c r o s s e d  

d o u b le  im a g es )  t e n d e d  to  be l o c a l i z e d  b e h in d  th e  f i x a t io n  l i n e  a n d  

th e  RL f ig u r e s  ( c r o s s e d  d oub le  im ages )  t e n d e d  to  be l o c a l i z e d  a h e a d  

of the  f i x a t io n  l i n e .  For a g iv e n  Ŝ , th e  d e p th  e f f e c t s  w e re  not  p e r f e c t l y  

c o n s i s t e n t ,  a n d  for some Ss th e re  w a s  no  d i f f e r e n c e  b e tw e e n  the  d a ta  

for LR a n d  RL. H o w e v e r ,  th e  sam e  v a r i a b i l i t y  in d e g re e  of c o n s i s t e n c y  

o c c u r r e d  for th e  TIAM p re d o m in a n c e  e f f e c t .  There  a re  t h u s  a h e a d  a n d  

b e h in d  d e p th  l o c a l i z a t i o n  e f f e c t s  w h ic h  c o r r e s p o n d  to  the  a h e a d  a n d  

b e h in d  m otion  e f f e c t s . S in c e  c o n t ro l  for  d i f f e r e n t i a l  c o n v e r g e n c e  d id  

no t  e l im in a te  the  d e p th  l o c a l i z a t i o n  p r e d o m in a n c e  e f f e c t ,  i t  c a n  be 

a s s u m e d  t h a t  th e  d e p th  e f f e c t s  were  due  t o  s t e r e o p s i s .

S t e r e o s c o p i c  d e p th  e f f e c t s  r e s u l t i n g  from p r e s e n t a t i o n  of d oub le  

im a g e s  have  p r e v i o u s ly  b e e n  r e p o r t e d  b y  W e s t h e im e r  a n d  T an z m a n  

(19 5 6) . P o la r iz in g  f i l t e r s  a n d  a  c e n t r a l  b in o c u la r  f i x a t io n  s p o t  w ere
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u s e d  r a t h e r  th a n  a  s t e r e o s c o p e .  Ss j u d g e d  w h e th e r  a p a i r  of i n t e r -  

o c u la r ly  p r e s e n t e d  c r o s s e d  (RL) or u n c r o s s e d  (LR) s p o t s  a p p e a r e d  

a h e a d  or b e h in d  the  f i x a t io n  s p o t .  D i f f e r e n t i a l  e y e m o v e m e n t  w a s  

c o n t r o l l e d  by a v e ry  sho r t  e x p o s u r e  d u r a t i o n .  W e s t h e im e r  and  

T a n z m a n  r e p o r t e d ,  a s  in th e  p r e s e n t  e x p e r i m e n t ,  th a t  l o c a l i z a t i o n  

a h e a d  p r e v a i l e d  for c r o s s e d  im a g e s  w h e r e a s  l o c a l i z a t i o n  b e h in d  p r e ­

v a i l e d  for u n c r o s s e d  i m a g e s .  A lso  a s  in th e  p r e s e n t  e x p e r i m e n t ,  

i n d iv id u a l  d i f f e r e n c e s  in th e  d e g re e  of d i f f e r e n t i a l  l o c a l i z a t i o n  

w ere  r e p o r t e d .

The u p p e r - l o w e r  p o s i t i o n  e f f e c t  w h ic h  o c c u r re d  for d e p th  l o ­

c a l i z a t i o n  in E xper im ent  IOC a l s o  o c c u r r e d  for o s c i l l a t i o n  in d e p t h  

w h en  t w o  TIAM a r r a n g e m e n t s  were  p r e s e n t e d  s i m u l t a n e o u s l y  in  

E xper im en t  5 .  T h is  r e s u l t  p r o v id e s  fu r th e r  e v i d e n c e  t h a t  the  d e p th  

an d  TIAM e f f e c t s  a re  r e l a t e d .  No e x p l a n a t i o n  for the  p o s i t i o n  e f f e c t  

c a n  c u r r e n t ly  be  o f f e r e d ,  a l t h o u g h  the  e f f e c t  may be  r e l a t e d  t o  an 

a s y m m e t r y  in t h e  v i s u a l  f i e l d .



E xper im en t  11: T r a p e z o id s  a nd  F o r e s h o r t e n e d  T r i a n g le s  

The r e s u l t s  of E xper im en t  9 ( " o b s t r u c t i o n "  v e r s u s  no " o b s t r u c t i o n " )  

s u g g e s t  t h a t  the  n a tu re  of th e  s t i m u l u s  p a t t e r n  c a n  l e a d  to  a g r e a t e r  

p r e f e r e n c e  for p e r c e i v i n g  a p a r t i c u l a r  ty p e  of m o v e m e n t ,  r e g a r d l e s s  of 

w h e th e r  the  c o n d i t i o n  is  LR or RL. It s h o u ld  t h e r e f o re  be p o s s i b l e  to  

d e s i g n  s t im u lu s  p a t t e r n s  w h ic h  s p e c i f i c a l l y  favo r  p e r c e p t i o n  of o s c i l ­

l a t i o n  in d e p th  e i t h e r  a h e a d  or b e h i n d .  If t h e  s t im u lu s  p a t t e r n  i s  s u c h  

th a t  m otion  b e h in d  r e q u i r e s  a  s h o r t e r  p a th  of m ov em en t  t h a n  m o t ion  

a h e a d ,  t h e n  m o vem en t  b e h in d  sh o u ld  be t h e  p re fe r r e d  p e r c e p t .  T h is  

e x p e r im e n t  w a s  d e s i g n e d  t o  t e s t  t h i s  p r e d i c t i o n .

M e th o d

S u b j e c t s

A t o t a l  of 18 Ss in t h e i r  s e c o n d  e x p e r im e n ta l  s e s s i o n  w e re  u s e d .

Four s t i m u l u s  a r r a n g e m e n t s  w ere  v i e w e d  by 15 S s .  A s e c o n d  g roup  of 

15 S s ,  12 of whom w ere  p a r t  of t h e  f i r s t  g r o u p ,  v i e w e d  four a d d i t i o n a l  

a r r a n g e m e n t s ,  tw o  of w h ic h  w ere  p a r t  of E x p er im en t  9 .  T h u s ,  on ly  s i x  

of th e  a r r a n g e m e n t s  w ere  r e l e v a n t  t o  the  p r e s e n t  e x p e r i m e n t .

S t im u lu s  C o n d i t i o n s

There  w ere  t h r e e  s t im u lu s  p a t t e r n s ,  w i th  a  c a r d  h a v ing  a n  LR a r ­

ra n g e m e n t  a n d  a  c a r d  hav in g  a n  RL a r r a n g e m e n t  for  e a c h  ( s e e  F ig .  14).

The p a t t e r n s  w ere  d e s i g n e d  to  p r o d u c e  d e p th  e f f e c t s  i n d e p e n d e n t  of 

o s c i l l a t o r y  AM in  d e p t h .  For one p a t t e r n  t h e r e  w a s  a s m a l l  e q u i l a t e r a l  

t r iang le  ( 5 /1 6  i n ,  on a s id e )  a nd  a  l a rg e  e q u i l a t e r a l  t r i a n g le  ( l / 2  i n .  on 

a  s id e } .  The sm a l l  t r i a n g le  t e n d s  to  b e  p e r c e i v e d  in a  p l a n e  (not t i l t e d )  

w h ic h  i s  more d i s t a n t  th a n  th e  p l a n e  of the  l a r g e  t r i a n g l e .  C o n s e q u e n t l y ,  

w h e n  a l t e r n a t i o n  is  i n t r o d u c e d ,  a  s i n g l e  t r i a n g le  i s  p e r c e i v e d  w h i c h  

m ov es  c l o s e r  a nd  fu r th e r  a w a y  a s  it  o s c i l l a t e s  in d e p t h .  The s p e c i f i c



S t im u lu s  A r r a n g e m e n t s V isu a l  F i e ld s

L arge-S m all 

T ria n g les

T rap ezo id s

D> <{> 
t> <

L R

d  D CD
. R LD C ]  CD

F oresh orten ed  

T ria n g les

« > Lc>
D> <1 ‘O

Left Eye Right Eye

F ig .  14. S t im u lu s  a r r a n g e m e n t s  for E xper im ent  11.  There  w a s  

a n  LR an d  RL a r r a n g e m e n t  for e a c h  type  of p a t t e r n .
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e f f e c t  w h ic h  t h i s  a d d e d  d e p t h  e f f e c t  might  have  on TIAM r e p o r t s  c a n n o t  

be p r e d i c t e d .

T r a p e z o i d s  w e re  u s e d  for  the  s e c o n d  p a t t e r n .  There  i s  a  t e n d e n c y  

to  p e r c e i v e  a  t r a p e z o i d  a s  a r e c t a n g l e  t i l t e d  in s p a c e .  The sh o r t  e d g e  

( l / 4  i n . )  of t h e s e  i s o s c e l e s  t r a p e z o i d s  i s  g e n e r a l l y  p e r c e i v e d  to  be 

fu r th e r  a w a y  t h a n  the  long e d g e  (1 /2  i n . ) .  W h e n  th e  R a n d  L f ig u re s  

a p p e a r  t i l t e d ,  the  m otion  p a t h  r e q u i r e d  for  m o vem en t  b e h in d  is  s h o r t e r  

t h a n  th e  p a t h  r e q u i r e d  for m o vem en t  a h e a d .  C o n s e q u e n t l y ,  m ovem en t  

b e h in d  sh o u ld  be  th e  p r e f e r r e d  p e r c e p t .

The th i rd  s t i m u l u s  p a t t e r n  ( p r e s e n t e d  to  th e  s e c o n d  group) c o n ­

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

e d g e  of bo th  t r i a n g l e s  w a s  3 / 8  i n .  , but  th e  tw o  o th e r  s i d e s  w e re  1 /4  i n .  

for th e  f o r e s h o r t e n e d  t r i a n g le  a nd  7 / 1 6  i n ,  for th e  l a r g e r  t r i a n g l e .  The 

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

in  s p a c e ,  w i th  t h e  v e r t e x  more d i s t a n t  t h a n  th e  v e r t i c a l  s i d e .  As a  

r e s u l t ,  t h e  m o t ion  p a t h  s h o u l d  b e  s h o r t e r  for m otion  b e h in d  th a n  for 

m o t ion  a h e a d ,  a n d  m otion  b e h in d  s h o u ld  be th e  p r e f e r r e d  p e r c e p t .

R e s u l t s

The r e s u l t s  a re  s u m m a r iz e d  in  T ab le  11. A l though  a n  LR-RL 

d i f f e r e n c e  o c c u r r e d  in e a c h  c a s e ,  c o m p a r i s o n  w ith  p e r v i o u s  d a t a  for  

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

a l l  f r e q u e n c y  of a h e a d  r e p o r t s  for tw o  of the  th re e  s t im u lu s  p a t t e r n s  .

The m e a n s  for  th e  four a r r a n g e m e n t s  p r e s e n t e d  t o  t h e  f i r s t  g roup  d i f ­

f e r e d  s i g n i f i c a n t l y  ( £ = 1 3 .4 3 ,  d f = 3 / 4 2 . £ < . 0 0 1 ) ,  a s  d id  th e  m e a n s  

for th e  tw o  a r r a n g e m e n t s  p r e s e n t e d  t o  the  s e c o n d  group  ( t = 3 . 3 1 ,  

d f = 1 4 , £  < . 0 1 ) .
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TABLE 11

E xper im en t  11: M e a n  "Ahead"  for L a r g e -S m a l l  T r i a n g l e s ,

T r a p e z o i d s ,  a n d  F o r e s h o r t e n e d  T r ia n g le s

S t im u lu s

c o n d i t i o n
M e a n  " a h e a d " S . D .

L a r g e - s m a l l  t r i a n g le

LR 2 .27 2 . 4 5

RL 6 .0 7 3.  17

T r a p e z o i d s

LR 1 .4 7 2 .27

RL 3 . 7 3 2 .8 0

F o r e s h o r t e n e d

t r i a n g l e s

LR 0 . 6 0 1 . 2 0

RL 3 .8 7 3 . 2 2
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Large an d  Sm all  T r i a n g le s

C o m p a r i s o n  w i th  th e  t r i a n g le  d a ta  of E xper im en t  3 i n d i c a t e s  th a t  

th e  b a c k w a r d - to r w a r d  m ovem en t  in d e p th  p ro d u c e d  by th i s  p a t t e r n  (and 

v e r i f i e d  by Ss ' r ep o r t s )  had no  a p p a r e n t  e f f e c t  upon the  o s c i l l a t o r y  

m o v e m e n t .  M e a n s  for RL and  LR d i f f e r e d  s i g n i f i c a n t l y  ( £ < . 0 l )  an d  the  

v a l u e s  w e re  c o m p a r a b le  t o  the  m e a n s  p r e v i o u s ly  o b ta in e d  for t r i a n g le s  

of e q u a l  s i z e  (Table  3) .

T r a p e z o i d s

For b o th  LR a n d  RL th e re  w a s  a m ark ed  r e d u c t io n  in th e  num ber  of 

a h e a d  r e p o r t s .  A l though  th e  m ea n s  for th e  LR a nd  RL a r r a n g e m e n ts  d i f ­

f e re d  s i g n i f i c a n t l y  ( £ < .0 5 )  a n d  th e re  were  more th a n  tw ic e  a s  many 

a h e a d  r e p o r t s  for RL th a n  for LR, th e  a p p a r e n t  b a c k w a r d  t i l t  of the  f i g ­

u re s  (v e r i f i ed  by Ss ' r ep o r t s )  r e s u l t e d  in a p r e f e r e n c e  for motion  beh in d  

for  bo th  s t im u lu s  a r r a n g e m e n t s .

F o r e s h o r t e n e d  T r i a n g le s

For t h i s  p a t t e r n  t h e r e  w a s  a l s o  a m ark ed  d e c r e a s e  in the  number  

of a h e a d  r e p o r t s .  There  w ere  s i g n i f i c a n t l y  more a h e a d  r e p o r t s  for RL 

th a n  for LR ( £ < . 0 1 ) ,  bu t  in  bo th  c a s e s ,  th e  a p p a r e n t  b a c k w a r d  t i l t  of 

th e  f o r e s h o r t e n e d  t r i a n g le  (ve r i f ied  by S s ' r e p o r t s )  r e s u l t e d  in a  b e h in d  

p r e f e r e n c e .

D i s c u s s i o n

The e x p e r im e n t  d e m o n s t r a t e d  t h a t  d e p th  e f f e c t s  r e l a t e d  to  the  

n a tu re  of the  s t i m u l u s  p a t t e r n  c a n  a f f e c t  th e  p e r c e i v e d  o s c i l l a t i o n  

in d e p t h .  W hen  tw o  i d e n t i c a l  e q u i l a t e r a l  t r i a n g l e s  a re  p r e s e n t e d ,  

th e  l e n g t h s  of th e  p a t h s  of m o tion  for o s c i l l a t i o n  a h e a d  a nd  b e h in d  

a re  e q u i v a l e n t .  Om it t ing  th e  e f f e c t s  of LR v e r s u s  RL s t i m u l a t i o n ,  

th e re  sh o u ld  p r e s u m a b ly  be  a n  e q u a l  l ik e l ih o o d  of p e rc e iv in g  m o v e -



ment a h e a d  or b e h in d .  S in c e  th e  t r a p e z o i d s  a n d  f o r e s h o r t e n e d  t r i a n g le s  

a p p e a r e d  t i l t e d  b a c k w a r d  in d e p th ,  o s c i l l a t i o n  b e h in d  r e q u i r e d  r o t a t i o n s
o

of l e s s  t h a n  180 , w h e r e a s  o s c i l l a t i o n  a h e a d  r e q u i r e d  r o t a t i o n s  th ro u g h

more th an  180°  . As a r e s u l t ,  a  s h o r t e r  m ov em en t  p a th  w a s  r e q u i r e d  for 

m ovem en t  b e h in d ,  a nd  m ov em en t  b e h in d  w a s  the  p re fe r r e d  p e r c e p t .  S im ­

i l a r l y ,  a p p a r e n t  t i l t  a h e a d  in d e p t h ,  s u c h  a s  ough t  to  o c c u r  w h en  t r a p ­

e z o i d s  w i th  a common s h o r t e r  b a s e  a re  v i e w e d ,  w ou ld  be e x p e c t e d  t o  

e l i c i t  a  p r e f e r e n c e  for m ov em en t  a h e a d .  On th e  o ther  h a n d ,  t i l t  in d e p th  

w a s  not  p e r c e i v e d  for th e  l a r g e - s m a l l  t r i a n g l e s ,  a n d  th e  l e n g t h s  of th e  

m o tion  p a t h s  w ere  e q u a l  for  o s c i l l a t i o n  a h e a d  a nd  b e h in d .  T h u s ,  e v e n  

th o u g h  th e r e  w as  a b a c k w a r d - f o r w a r d  m o v e m e n t ,  th e  o s c i l l a t i o n  in d e p th  

r e p o r t s  w e re  u n a f f e c t e d .

The r e s u l t s  of t h i s  e x p e r im e n t  a re  i n d i r e c t l y  r e l a t e d  t o  th e  d o u b l e ­

im a g e  h y p o t h e s i s .  D e p th  w h ic h  w a s  p e r c e i v e d  a s  a r e s u l t  of the  n a ­

ture  of th e  p a t t e r n  ( i n d e p e n d e n t  of o s c i l l a t i o n  in dep th)  a f f e c t e d  th e  

o s c i l l a t i o n  in d e p th  w h ic h  w a s  p e r c e i v e d .  In a s im i l a r  w a y ,  d e p th  

e f f e c t s  r e l a t e d  t o  s t e r e o p s i s  in  d o u b le  im a g e s  c o u ld  a l s o  i n f lu e n c e  

th e  n a tu r e  of th e  p e r c e i v e d  m o v e m e n t .



Exper im en t  12: T i l t  in D ep th  ot 

S t im uli  P r e s e n t e d  I n t e r o c u la r ly

C a n  th s  d e p th  l o c a l i z a t i o n  of TIAM s t im u l i  d e m o n s t r a t e d  in E x p e r i ­

ment  10 a c c o u n t  for the  TIAM p r e d o m in a n c e  e f f e c t ?  For the  c a s e  of d o t s  

in p l a n a r  m o v e m e n t ,  t h e  b a s i s  for a  r e l a t i o n s h i p  b e tw e e n  d e p th  a nd  move 

ment  i s  o b v i o u s .  Thus if t h e  d o ts  a re  l o c a l i z e d  a h e a d  of the  l i n e ,  the  

h o r i z o n ta l  m o tion  may be e x p e c t e d  to  o c c u r  in a p l a n e  a h e a d  of t h e  l i n e .  

This  e x p la n a t i o n  a s s u m e s  th a t  the re  i s  a m a i n t e n a n c e  of th e  d e p th  l o ­

c a l i z a t i o n  dur ing  th e  a l t e r n a t in g  e x p o s u r e  of th e  tw o  f i g u r e s .

For the  c a s e  of o s c i l l a t o r y  TIAM, th e  b a s i s  fo r  a  r e l a t i o n  b e tw e e n  

d e p th  l o c a l i z a t i o n  a n d  o s c i l l a t i o n  a h e a d  or b e h in d  is  more d i f f i c u l t  t o  

s p e c i f y .  TIAM d o e s  no t  in v o lv e  l o c a l i z a t i o n  in d e p th  of a  moving f ig u re ,  

r a t h e r  it i n v o lv e s  o s c i l l a t o r y  m ov em en t  in d e p t h .  A p a r t i c u l a r  l o c a l i z a ­

t io n  of f ig u re s  w o u ld  no t  n e c e s s a r i l y  l e a d  t o  a p a r t i c u l a r  ty p e  of o s c i l ­

l a t i o n .  For e x a m p l e ,  th e  t r i a n g le  might  a p p e a r  l o c a l i z e d  a h e a d  of the  

f ix a t io n  l i n e ,  bu t  th e  v e r t e x  of th e  m oving  t r i a n g le  c o u ld  s t i l l  o s c i l l a t e  

b e h in d .  H o w e v e r ,  t h e  t r i a n g le  is  a n  e x t e n d e d  f ig u r e ,  a n d  a l l  p o i n t s  on 

t h e  " s u r f a c e ” of the f igu re  a re  not  un i fo rm ly  d i s p a r a t e .  P o in t s  more  d i s ­

t a n t  from th e  f ix a t io n  l in e  (the p o in t  of fus ion)  a re  more d i s p a r a t e  t h a n  

p o i n t s  near  the  l i n e .  C o n s e q u e n t l y ,  t h e r e  i s  a  g r a d u a l  i n c r e a s e  in deg re  

of d i s p a r i t y  from th e  v e r t i c a l  s i d e  of the  t r i a n g le  ou tw ard  to  the  v e r t e x .  

A ssum ing  som e  d e g re e  of c o r r e s p o n d e n c e  b e tw e e n  am ount  of d i s p a r i t y  in 

d o ub le  im a g e s  an d  a m o u n t  of r e l a t i v e  d e p t h ,  t h e  v e r t e x  of t h e  t r i a n g l e  

s h o u ld  be s e e n  in g r e a t e r  d ep th  r e l a t i v e  to  th e  f ix a t io n  l i n e  t h a n  th e  v e r ­

t i c a l  s i d e  of th e  t r i a n g l e .  As a r e s u l t ,  t h e  t r i a n g l e s  s h o u ld  a p p e a r  t i l t e d  

in s p a c e .  For RL s t im u l a t i o n  ( c r o s s e d  im ag es )  th e  v e r t i c e s  s h o u ld  t i l t  

c l o s e r  th a n  th e  v e r t i c a l  s i d e s  ( a h e a d ) ,  a n d  for LR s t im u la t i o n  ( u n c r o s s e d
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im a g e s )  the  v e r t i c e s  s h o u ld  t i l t  fu r th e r  a w a y  t h a n  th e  v e r t i c a l  s i d e s  

(b e h in d ) .  If t h e s e  p r e d i c t i o n s  a re  c o r r e c t ,  it w ou ld  s u g g e s t  a  b a s i s  for 

the  r e l a t i o n s h i p  b e tw e e n  s t e r e o p s i s  from d o u b le  im a g es  a n d  th e  TIAM 

p r e d o m in a n c e  e f f e c t .  If th e  v e r t i c e s  were  t i l t e d  b e h in d ,  the  p a th  of 

m ovem en t  for b e h in d  o s c i l l a t i o n  w o u ld  be s h o r t e r  t h a n  the  p a t h  r e q u i r e d  

for a h e a d  o s c i l l a t i o n .  C o n s e q u e n t l y ,  a s  o c c u r r e d  for t i l t e d  f ig u re s  in 

E xper im ent  11,  b e h in d  m ov em en t  w o u ld  be the  more l i k e l y  p e r c e p t .  

S im i la r ly ,  if th e  v e r t i c e s  w e re  t i l t e d  a h e a d ,  th e  a h e a d  m otion  p a th  

w o u ld  be s h o r t e r  a n d  a h e a d  m o t io n  w o u ld  be th e  more l i k e l y  p e r c e p t .

The p r e s e n t  e x p e r im e n t  w a s  d e s i g n e d  to  t e s t  the  p r e d i c t i o n  t h a t  TIAM 

f ig u re s  a p p e a r  t i l t e d  in s p a c e  .

M e th o d

S u b j e c t s  a n d S t im u lu s  C o n d i t i o n s

T w en ty  Ss in  t h e i r  s e c o n d  e x p e r i m e n t a l  s e s s i o n  v i e w e d  four s t i m ­

u lu s  a r r a n g e m e n t s .  Two a r r a n g e m e n ts  (LR a nd  RL) in v o lv e d  a  p a i r  of 

3 / 8  i n .  h o r i z o n ta l  l i n e s ,  e a c h  e x t e n d in g  from th e  m iddle  of a  v e r t i c a l  

f i x a t io n  l in e  (Fig .  15).  The v i s u a l  f i e ld  a p p e a r e d  a s  a s i n g l e  v e r t i c a l  

l in e  i n t e r s e c t e d  by a  h o r i z o n ta l  l i n e .  The tw o  t r i a n g le  a r r a n g e m e n t s  

(LR a n d  RL) of E xper im ent  3 w e re  a l s o  u s e d .  A p a r t i c u l a r  v i s u a l  f i e ld

w a s  p e r c e i v e d  a s  t w o  t r i a n g l e s  hav ing  a comm on v e r t i c a l  s i d e .  

P ro c ed u re

As in E xper im en t  10, on ly  th e  c o n t i n u o u s l y  p r e s e n t e d  v i s u a l  f i e l d s  

were  v i e w e d .  Ss w e re  i n s t r u c t e d  t o  f ix a te  on th e  v e r t i c a l  l i n e  for th e  

l in e  f i g u r e s ,  a n d  on th e  v e r t i c a l  comm on s i d e  for  th e  t r i a n g le  f i g u r e s .  

D e p th  r e p o r t s  in v o lv e d  d e te r m i n i n g ,  in  a  fo rce d  c h o i c e  s i t u a t i o n ,  

w h e t h e r  e i t h e r  t h e  o u te r  e n d s  of the  h o r i z o n ta l  l i n e s  or the  v e r t i c e s  of 

th e  t r i a n g l e s  w e re  t i l t e d  a h e a d  or b e h in d  w i th  r e s p e c t  t o  e i t h e r  the  

c e n t r a l  v e r t i c a l  l in e  or th e  v e r t i c a l  s i d e  of th e  t r i a n g l e s  .



S t im u lu s  A r ra n g e m e n ts V i s u a l  F i e l d s

L eft Eye Right Eye

F ig .  15. The h o r i z o n ta l  l in e  s t im u lu s  a r r a n g e m e n t s  (LR a n d  RL) 

of E xper im en t  12.
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R e s u l t s

T he  r e s u l t s  ( se e  T a b le  12) w e re  c o n s i s t e n t  w i th  the  p r e d i c t i o n s .

The d a t a  for  th e  four a r r a n g e m e n t s  d i f f e r e d  s i g n i f i c a n t l y  (F = 1 5 .6 3 ,  

d f = 3 / 5 7 , £ < . 0 0 l ) , a nd  for  bo th  l i n e s  and  t r i a n g l e s  th e re  w ere  s i g n i f ­

i c a n t l y  more a h e a d  t i l t s  r e p o r t e d  for RL th a n  for  LR ( £ ' s < . 0 5 ) .  H o w e v e r ,  

th e  r e l a t i v e  LR-RL d i f f e r e n c e s  w ere  not  a s  l a r g e  a s  p r e v i o u s ly  found  for 

d e p th  l o c a l i z a t i o n  or for  TIAM. In g e n e r a l ,  t h e  t i l t  in d e p th  e f f e c t s  

w ere  no t  a s  s t ro n g  or s h a r p l y  d e f i n e d  a s  th e  a  he a d - b e  hind d e p th  l o c a l ­

i z a t i o n  of E xper im en t  10.  A l though  e a c h  S w a s  a b le  to  d i s c r im i n a t e  

b e tw e e n  a h e a d  a n d  b e h in d  t i l t ,  i n a c c u r a t e  j u d g m e n t s  may h a v e  d i m i n i s h e d  

th e  LR-RL d i f f e r e n c e s  w h ic h  w e re  o b t a i n e d .

D i s c u s s i o n

The e x p e r im e n t  d e m o n s t r a t e d  t h a t  TIAM f ig u r e s  a p p e a r  t i l t e d  a h e a d  

or b e h in d ,  a l t h o u g h  th e  d e g re e  of t i l t ,  a n d  t h e  m a g n i tu d e  of the  " t i l t "  

p r e d o m in a n c e  e f f e c t  w a s  r e l a t i v e l y  s m a l l .  T h e s e  t i l t  e f f e c t s  a r e  a p ­

p a r e n t ly  r e l a t e d  to  s t e r e o s c o p i c  d e p th  from d o u b le  i m a g e s .  By s h o r t e n ­

ing th e  r e q u i r e d  m ot ion  p a th  for  e i t h e r  a h e a d  or b e h in d  o s c i l l a t i o n ,  the  

a p p a r e n t  t i l t  c o u ld  a c c o u n t  for the  TIAM p r e d o m in a n c e  e f f e c t .

S e v e ra l  f a c t o r s  in  t h i s  e x p e r im e n t  may  have  d i m i n i s h e d  th e  d e g re e  

of t i l t  p e r c e i v e d  a n d  th e  a c c u r a c y  of t i l t  d i s c r i m i n a t i o n s .  There  w a s  a  

t e n d e n c y  t o  p e r c e i v e  th e  tw o  l i n e s  a s  a s i n g l e  u n i t ,  a n d  to  p e r c e i v e  the  

t r i a n g l e s  in th e  front  op a r a l l e l  p l a n e  due  t o  t h e i r  e q u i l a t e r a l  d i m e n s i o n s .  

A l s o ,  a s  O g le  (1952) h a s  p o i n t e d  o u t ,  the  t e x t u r e  of the  p a p e r  on w h ic h  

th e  f i g u r e s  a re  d raw n  h a s  a n  in h ib i t in g  e f f e c t  on th e  p e r c e p t i o n  of d e p t h .

It  i s  p o s s i b l e  t h a t  t h e s e  d e p th  r e d u c in g  f a c t o r s  a r e  o ve rcom e  t o  a  

g r e a t e r  e x t e n t  by s t e r e o p s i s  w h e n  th e  f i g u r e s  a r e  p e r c e i v e d  in AM. £ 

a n d  o th e r s  have  o b s e r v e d  th a t  t h e  o s c i l l a t i n g  t r i a n g le  o f ten  d o e s  not



101.

TABLE 12

E x p er im en t  12: M e a n  "A head"  Til t  a s  a  F u n c t io n  

of R e la t iv e  P o s i t i o n  for L in e s  a n d  T r ia n g le s

S t im u lu s

c o n d i t i o n
M e a n  " a h e a d " S . D .

L in es

LR 4 . 8 5 3 .3 1

RL 7.  30 2 .85

T r ia n g le s

LR 2 . 5 0 2 . 3 8

RL 4 . 6 0 3 .04
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a p p e a r  to  re tu rn  to  t h e  f r o n t o p a r a l l e l  p l a n e  a t  t h e  e n d  of e a c h  a l t e r n a t i o n  

c y c l e .  Th is  is  e s p e c i a l l y  n o t i c e a b l e  if the  e x p o s u r e  in te rv a l  for e a c h  

e y e  is r e d u c e d  to  p ro d u ce  a ve ry  rap id  AM . The t r i a n g le  r e m a in s  t i l t e d  

w h en  in i t s  e x t r e m e  p o s i t i o n s  a n d  o s c i l l a t e s  e i t h e r  a h e a d  or b e h in d
o

th ro u g h  l e s s  t h a n  180 .
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E xper im ent  13: R e la t io n  B e tw een  e i t h e r  Til t  or D ep th  

Repor ts  a n d  S u b s e q u e n t  TIAM Reports

This  e x p e r im e n t  w a s  d e s i g n e d  to  d e te rm in e  if d e p th  l o c a l i z a t i o n  and  

t i l t  a re  r e l a t e d  t o  s u b s e q u e n t  TIAM r e p o r t s  . Ss made m otion  r e p o r t s  im ­

m e d ia t e ly  a f t e r  m aking  d e p th  r e p o r t s ,  a n d  th e  d e g re e  of c o r r e s p o n d e n c e  

b e tw e e n  the  tw o  r e p o r t s  w a s  e x a m in e d .

M ethod

S u b j e c t s  a n d  S t im u lus  C o n d i t i o n s

T w en ty  S s ,  e a c h  of whom a l s o  took  pa r t  in  E xper im en t  12, v i e w e d  

four s t im u lu s  a r r a n g e m e n t s  . The tw o  a r r a n g e m e n t s  (LR a n d  RL) in v o lv in g  

t r i a n g l e s  w i th  a  common s i d e  (from E xper im en t  12) an d  the  tw o  a r r a n g e ­

m e n ts  (LR a nd  RL) in v o lv in g  t r i a n g l e s  w i th  a s e p a r a t e  c e n t r a l  f i x a t io n  

l in e  (from E xper im ent  IDA) w ere  u s e d .

P ro ced u re

For e a c h  c a r d ,  Ss f i r s t  t u rn e d  th e  s w i t c h e s  to  the  c o n t i n u o u s l y  on 

p o s i t i o n .  Repor ts  of a h e a d  or b e h in d  t i l t  w e re  o b t a in e d  for th e  t r i a n g l e s  

w i th  a  common s i d e ,  a n d  r e p o r t s  of a h e a d  or b e h in d  d e p th  l o c a l i z a t i o n  

were  o b t a i n e d  for the  t r i a n g l e s  w i th  a  s e p a r a t e  c e n t r a l  f i x a t i o n  l i n e .  

Im m e d ia te ly  fo l lo w in g  e a c h  d e p th  ju d g m e n t ,  Ss m oved th e  s w i t c h e s  to  

the  a l t e r n a t i o n  p o s i t i o n  a n d  r e p o r t e d  on th e  n a tu re  of the  TIAM. Ss w ere  

s p e c i f i c a l l y  in fo rm ed  t h a t  the  tw o  j u d g m e n t s  w e re  not  r e l a t e d  a n d  th a t  

t h e y  w ould  not  n e c e s s a r i l y  c o r r e s p o n d .

R e s u l t s

The r e s u l t s  ( se e  T ab le  13) i n d i c a t e  t h a t  t h e r e  w a s  a  s i g n i f i c a n t  

r e l a t i o n s h i p  b e t w e e n  d e p t h  r e p o r t s  a n d  s u b s e q u e n t  m o tion  r e p o r t s .  

S ta t io n a ry  D ep th  R epor ts

The r e s u l t s  for the  four a r r a n g e m e n t s  d i f f e red  s i g n i f i c a n t l y  ( F = 1 1 .6 5 ,
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TABLE 13

E xper im ent  13: R e la t io n  B e tw een  M e a n  "Aheads " for  D e p th  a n d  TIAM

St im u lu s

c o n d i t io n

S t a t i c  d e p th TIAM Depth-TIAM  r e l a t i o n

M e an

" a h e a d "
S . D .

M e a n

" a h e a d "
S . D .

%

m a tc h e s
r

Common

s id e

LR 2 .35 2 . 5 0 2 . 5 0 2 .87 6 2 .5 *

RL 6 .0 5 3 .19 5 .40 2 . 9 1 6 1 . 0 *
.3 9 *

F ix a t io n

l ine

LR 3 .10 2 .93 2 . 6 5 2 .24 6 3 . 0 *

RL 7 .0 5 2 . 7 5 6 . 3 0 2 . 7 0 6 8 . 0 *
.6 2 *

* £ < . 0 1
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d f = 3 / 5 7 ,  £ < . 0 0 l ) ,  a nd  for b o th  f ig u re s  th e re  w ere  s i g n i f i c a n t l y  more 

a h e a d  d e p th  or t i l t  r e p o r t s  for RL th an  for  LR ( ] 3 ' s < . 0 l ) .  The d e p th  

l o c a l i z a t i o n  m e a n s  for th e  s e p a r a t e  f i x a t i o n  l in e  f ig u re s  w e r e  c o m p a r ­

a b le  t o  th e  v a l u e s  o b t a i n e d  w i th  d i f f e r e n t  Ss in E xper im ent  10A. Some 

Ss s p o n t a n e o u s l y  r e p o r t e d  th a t  th e  t r i a n g l e s  a p p e a r e d  t i l t e d  a s  w e l l  a s  

b e in g  l o c a l i z e d  a h e a d  a n d  b e h in d ,  w i th  the  ty p e  of t i l t  c o r r e s p o n d i n g  

to  th e  ty p e  of l o c a l i z a t i o n .

For the  common s i d e  f i g u r e s ,  the  s t r e n g th  of th e  p r e d o m in a n c e  

e f f e c t  for t i l t  w a s  g r e a t e r  t h a n  o b t a i n e d  p r e v i o u s ly  in E xper im en t  12 . 

S in ce  the  s a m e  Ss w e r e  u s e d  in th e  tw o  e x p e r i m e n t s ,  i t  i s  p o s s i b l e  

th a t  in  the  p r e s e n t  e x p e r im e n t  t h e  Ss w e r e  b e t t e r  a b le  t o  m ake  a c c u r a t e  

t i l t  d i s c r i m i n a t i o n s .

M o t ion  Repor ts

The d a ta  fo r  t h e  four  a r r a n g e m e n t s  d i f f e r e d  s i g n i f i c a n t l y  ( £ = 2 3 . 4 3 ,  

d f = 3 / 5 7 , jd< . 0Q1) a n d  for  bo th  s t i m u l u s  f ig u re s  th e re  w a s  a s i g n i f i c a n t  

RL-LR d i f f e r e n c e  in a c c o r d a n c e  w i th  t h e  TIAM p r e d o m in a n c e  e f f e c t  

( £ ' s < . 0 1 )  . The m ean  v a l u e s  o b t a i n e d  w ere  c o m p a r a b le  t o  th e  v a l u e s  

o b t a i n e d  p r e v i o u s ly  for  th e  s a m e  s t i m u l u s  c a r d s  ( s e e  E x p e r im e n ts  3 and  

8) .

R e la t i o n s h ip  B e tw een  D e p th  a n d  M ot ion

Two m e a s u r e s  of d e p th - m o t i o n  r e l a t i o n s h i p  were  c o m p u t e d .  T h e s e  

w ere  th e  p e r c e n t a g e  of i n d iv id u a l  p a i r s  of r e p o r t s  in  w h ic h  th e  m otion  

repo r t  m a tc h e d  th e  d e p th  r e p o r t ,  a n d  the  c o r r e l a t i o n  b e t w e e n  Ss 1 d e p th  

s c o r e s  a n d  m otion  s c o r e s .

D e p th -m o t io n  c o r r e s p o n d e n c e . For e a c h  a r r a n g e m e n t  more t h a n  60% 

of th e  d e p th  r e p o r t s  m a tc h e d  th e  s u b s e q u e n t  m otion  r e p o r t s ,  w i th  an  

a v e r a g e  of 6 1 .8%  for t h e  common s id e  f i g u r e s  a n d  6 5 .5%  for t h e  s e p a r a t e



f i x a t io n  l ine  f i g u r e s .  In e a c h  c a s e  the  num ber  of m a t c h e s  w a s  s i g n i f i ­

c a n t l y  g r e a t e r  t h a n  the  c h a n c e  l e v e l  of 50% (b inom ia l  d i s t r i b u t i o n ,  p= 

1 / 2 ,  N = 20 0 ,  £ _ ' s < . 0 l ) .  Thus th e re  w a s  a  s i g n i f i c a n t  t e n d e n c y  for th e  

r e p o r t s  t o  c o r r e s p o n d ,  but  in  more t h a n  a t h i rd  of the  t r i a l s  t h e y  did n o t .

C o r r e l a t i o n  b e t w e e n  d e p th  a n d  m otion  s c o r e s  . Tor bo th  s t im u lu s  

f ig u re s  th e  P e a r s o n  p ro d u c t  moment c o r r e l a t i o n  w a s  s i g n i f i c a n t l y  g r e a t e r  

t h a n  z e r o  (d f=38 , j 3 ' s < . 0 1 ) .  A l a r g e r  c o r r e l a t i o n  w a s  o b t a i n e d  for the  

s e p a r a t e  f ix a t io n  l in e  f igure  t h a n  for  the  common s id e  f i g u r e ,  but  the  

d i f f e r e n c e  w a s  not s i g n i f i c a n t  (Z = 1 .3 5 ,  £ > . 0 5 ) .  The s i z e s  of the  jr 's  

o b t a i n e d  i n d i c a t e  t h a t  a  r e l a t i v e l y  sm a l l  p e r c e n t a g e  of the  v a r i a b i l i t y  

in the  m o tion  s c o r e s  c a n  b e  a c c o u n t e d  for by v a r i a b i l i t y  in the  d e p th  

s c o r e s .

D i s c u s s i o n

The r e s u l t s  a r e  c o n s i s t e n t  w i th  th e  d o u b le  im age  h y p o t h e s i s .  

P e r c e p t io n  of a h e a d  t i l t  a n d  a h e a d  d e p th  l o c a l i z a t i o n  t e n d e d  to  be f o l ­

lo w e d  by  p e r c e p t i o n  of a h e a d  m o t ion ,  a nd  b e h in d  t i l t  an d  d e p th  t e n d e d  

to  b e  fo l lo w e d  by b e h in d  m o t io n .  It may b e  t h a t  a h e a d  d e p th  l o c a l i z a ­

t io n  a l s o  i n v o lv e s  a h e a d  t i l t ,  a n d  th a t  b e h in d  d e p th  l o c a l i z a t i o n  a l s o  

i n v o lv e s  b e h in d  t i l t .  How ever ,  e x c e p t  for th e  o b s e r v a t i o n s  of a  few  S s , 

t h i s  p o s s i b i l i t y  h a s  not  b e e n  v e r i f i e d .

The d e g r e e  of d e p th - m o t i o n  r e l a t i o n s h i p ,  a s  m e a s u r e d  by b o th  

p e r c e n t a g e  of r e p o r t  c o r r e s p o n d e n c e  a n d  c o r r e l a t i o n  b e tw e e n  s c o r e s ,  

i s  l e s s  t h a n  might  h a v e  b e e n  e x p e c t e d .  H o w e v e r ,  s i n c e  n e i th e r  the  

d e p th  nor  m otion  e f f e c t s  a r e  p e r f e c t l y  c o n s i s t e n t ,  a n d  s i n c e  th e re  w a s  

a  t im e  d e l a y  b e t w e e n  th e  tw o  o b s e r v a t i o n s ,  th e  l a c k  of a  s t r o n g e r  d e ­

g ree  of r e l a t i o n s h i p  i s  not  s u r p r i s i n g .
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Summary of Par t  II

The fo l lo w in g  r e s u l t s  w e re  o b t a in e d  w h ic h  r e l a t e  t o  the  v a l i d i t y  

of d o u b le  image  h y p o t h e s i s :

1. D o ts  p e r c e i v e d  in p l a n a r  AM are  l o c a l i z e d  b e h in d  the  f i x a t io n  

l in e  for LR a nd  a h e a d  of the  l in e  for RL. An " o b s t r u c t i o n "  t o  th e  p a th  

of m o vem en t  p r o d u c e s  a  g e n e r a l  p r e f e r e n c e  for m ovem en t  b e h in d .

2 .  A d e p th  l o c a l i z a t i o n  p r e d o m in a n c e  e f f e c t  o c c u r s  w h i c h  is  

a n a l o g o u s  to  the  TIAM p r e d o m in a n c e  e f f e c t .  LR s t im u l i  ( u n c r o s s e d  

d o u b le  im ag es )  a re  l o c a l i z e d  b e h in d  the  f i x a t i o n  l i n e ,  a n d  RL s t im u l i  

( c r o s s e d  d o ub le  im a g e s )  a re  l o c a l i z e d  a h e a d  of the  f i x a t io n  l i n e .  The 

d e p th  e f f e c t s  do  not  d e p e n d  upon  d i f f e r e n t i a l  e y e  c o n v e r g e n c e ,  a n d  an  

u p p e r - l o w e r  p o s i t i o n  e f f e c t  o c c u r s  w h ic h  i s  a n a l o g o u s  to  the  p o s i t i o n  

e f f e c t  p r e v i o u s l y  fou n d  for TIAM.

3 .  F ig u re s  w h ic h  a p p e a r  t i l t e d  behind in d e p th  g iv e  r i s e  to  

p r e d o m in a n t ly  b e h in d  TIAM, a p p a r e n t l y  a s  a  r e s u l t  of th e  s h o r t e r  

m o tion  p a t h  r e q u i r e d  for  m ov em en t  b e h in d .

4 .  TIAM s t im u l i  a p p e a r  t i l t e d  a h e a d  or b e h in d  in d e p t h ,  p r e ­

s u m a b ly  a s  a r e s u l t  of g r e a t e r  d i s p a r i t y  b e t w e e n  f ig u re s  a t  th e  v e r t i c e s .  

T h e s e  t i l t  e f f e c t s  c o u ld  i n f lu e n c e  th e  TIAM w h ic h  i s  p e r c e i v e d ,  s i n c e  

t i l t  a h e a d  or b e h in d  w o u ld  l e a d  to  a s h o r t e r  p a t h  of m o v em en t  for o s c i l ­

l a t i o n  a h e a d  or b e h i n d .

5 .  W h e n  e i t h e r  d e p th  or t i l t  r e p o r t s  a re  im m e d ia te ly  f o l lo w e d  by  

TIAM r e p o r t s ,  th e re  t e n d s  t o  be  a c o r r e s p o n d e n c e  b e t w e e n  the  ty p e  of 

d e p th  or t i l t  p e r c e i v e d  an d  th e  t y p e  of TIAM p e r c e i v e d .
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T h is  r e s e a r c h  h as  d e m o n s t r a t e d  the  e x i s t e n c e  of a TIAM predom ­

i n a n c e  e f f e c t  w h ic h  t r a n s c e n d s  a s p e c i f i c  a p p a r a t u s  a n d  o c c u r s  for a 

v a r i e ty  of s t im u l i :  LR s t im u lu s  a r r a n g e m e n ts  g ive  r i s e  to  o s c i l l a t i o n

b e h in d  the  p l a n e  a n d  RL a r r a n g e m e n t s  g iv e  r i s e  to  o s c i l l a t i o n  a h e a d  

of the  p l a n e .  E v id e n ce  h as  b e e n  p r e s e n t e d  w h ic h  s u g g e s t s  t h a t  the  

o c c u r r e n c e  of th e  e f f e c t  is r e l a t e d  to  s t e r e o p s i s  in d o ub le  im a g e s  , 

S e v e ra l  d i f f i c u l t i e s  w i th  t h i s  e x p l a n a t i o n  wil l  now be  d i s c u s s e d .

One p o s s i b l e  p rob lem  i n v o lv e s  th e  f a c t  t h a t  s i m u l t a n e i t y  of d i s ­

p a r a t e  im a g e s  i s  a r e q u i r e m e n t  for s t e r e o p s i s  (O g le ,  1962) .  The a s ­

s e r t i o n  th a t  s t e r e o p s i s  i n f l u e n c e s  TIAM r e q u i r e s  th e  a s s u m p t i o n  th a t  

s t e r e o p s i s  o c c u r s  d e s p i t e  the  a l t e r n a t e  p r e s e n t a t i o n  of s t i m u l i .  O g l e ' s  

(1963) r e s e a r c h  on th e  e f f e c t  of t im e  d e l a y  on s t e r e o p s i s  i s  r e l a t e d  to  

t h i s  p r o b le m .  D ef in in g  th e  d e l a y  p e r io d  a s  the  t im e  b e t w e e n  o n s e t  of 

the  s t i m u l u s  t o  one e y e  a n d  th e  o n s e t  of the  s t im u lu s  to  th e  o th e r  e y e ,  

Ogle  found t h a t  t h e r e  i s  a d e c r e a s e  in s t e r e o s c o p i c  a c u i t y  w i th  i n ­

c r e a s e  in d e l a y ,  up to  a l im i t in g  d e l a y  b e y o n d  w h ic h  th e re  i s  no s t e r ­

e o s c o p i c  d e p t h .  For s h o r t ,  s i n g l e  e x p o s u r e s ,  the  l im i t in g  d e l a y  w a s  

a b o u t  100 m s e c .  , bu t  th e  l im i t  i n c r e a s e d  w i th  bo th  i n c r e a s e  in  e x ­

p o s u r e  t im e  a n d  i n t r o d u c t io n  of r e p e t i t i v e  a l t e r n a t i o n  b e tw e e n  th e  tw o  

i m a g e s .  In t h e  p r e s e n t  r e s e a r c h ,  th e  d e l a y  w a s  550 m s e c . ,  bu t  th e  

e x p o s u r e  d u ra t io n  w a s  500 m s e c . ,  an d  the  s t i m u l u s  p r e s e n t a t i o n  w as  

r e p e t i t i v e .  A l though  the  c o n d i t i o n s  w ere  not  d i r e c t l y  c o m p a ra b le  to  

t h o s e  of O g le ,  h i s  d a t a  do  not  ru le  out the  p o s s i b i l i t y  t h a t  s t e r e o p s i s  

c o u ld  hav e  b e e n  m a i n t a i n e d  in th e  p r e s e n t  r e s e a r c h .  F u r th e rm o re ,  the  

p e r c e p t i o n  of AM t e n d s  to  unify  the  tw o  im a g e s  in to  a s in g le  e v e n t ,  

a n d  t h i s  c o u ld  p r e v e n t  a  l o s s  of s t e r e o p s i s  due  t o  l a c k  of s i m u l t a n e i t y .  

Another  f a c to r  w h ic h  might  be r e l e v a n t  i s  the  p o s s i b l e  ro le  of a f t e r ­
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im a g e s  in l in k in g  the  t e m p o r a l ly  s e p a r a t e  e v e n t s .  Ogle  and  Reiher  

{1962) found  th a t  s t e r e o p s i s  c a n  o ccu r  in a f t e r im a g e s  p ro d u c e d  bo th  

s i m u l t a n e o u s l y  a nd  s u c c e s s i v e l y .  In fu ture  r e s e a r c h  it  w o u ld  be  of 

i n t e r e s t  to  d e te rm in e  if v a r i a t i o n  in t em p o ra l  c o n d i t i o n s  h a s  an  e f f e c t  

on the  TIAM p re d o m in a n c e  e f f e c t .  H o w e v e r ,  e x t r e m e ly  long  i n t e r ­

s t im u lu s  i n t e r v a l s  c o u ld  not be t e s t e d  s i n c e  AM would  no lo n g e r  be  

p e r c e i v e d .

A s e c o n d  p rob lem  c o n c e r n s  th a t  f a c t  t h a t  n e i t h e r  th e  d e p t h  nor 

th e  TIAM p r e d o m in a n c e  e f f e c t s  w ere  p e r f e c t l y  c o n s i s t e n t .  S t e r e o p s i s  

i s  g e n e r a l l y  c o n s i d e r e d  to  be  p e r f e c t l y  c o n s i s t e n t  in th e  s e n s e  th a t  

if s t e r e o p s i s  o c c u r s ,  u n c r o s s e d  d i s p a r i t y  a l w a y s  p r o d u c e s  l o c a l i z a ­

t io n  b e h in d  th e  f i x a t io n  p l a n e  a n d  c r o s s e d  d i s p a r i t y  a l w a y s  p r o d u c e s  

l o c a l i z a t i o n  a h e a d  of th e  f ix a t io n  p l a n e .  H o w e v e r ,  t h e r e  i s  a  d i s p a r ­

i ty  r a n g e  for w h ic h  d o u b le  im a g e s  a re  " q u a l i t a t i v e l y  " p e r c e i v e d  in 

d e p th  (O g le ,  19 52),  and  th e  a c c u r a c y  of d e p th  l o c a l i z a t i o n  g r a d u a l ly  

d e c r e a s e s  w i th  fu r the r  i n c r e a s e  in d i s p a r i t y  (W e s th e im e r  & T a n z m a n ,  

1956) .  T h u s ,  for r e l a t i v e l y  la rg e  d i s p a r i t i e s ,  d e p th  l o c a l i z a t i o n  is  

not  p e r f e c t l y  c o n s i s t e n t ,  a n d  the  r e s u l t s  of th e  p r e s e n t  d e p th  e x p e r i ­

m e n t s  a r e  not  u n e x p e c t e d .

A ssu m in g  th a t  s t e r e o p s i s  i n f l u e n c e s  the  TIAM w h i c h  i s  p e r c e i v e d ,  

th e  i n c o n s i s t e n c y  in  the  TIAM r e p o r t s  c a n  be  a c c o u n t e d  for  by th e  l e s s  

th a n  p e r f e c t  c o n s i s t e n c y  in the  p e r c e p t i o n  of d e p th  in d o u b le  i m a g e s .  

The f a c t  t h a t  Ss s o m e t im e s  have  n a tu r a l  p r e f e r e n c e s  for  p e r c e i v i n g  

TIAM in  a  p a r t i c u l a r  w a y ,  a n d  th e  f a c t  t h a t  s p o n t a n e o u s  m otion  r e v e r ­

s a l s  a r e  o f ten  p e r c e i v e d ,  may a l s o  c o n t r ib u te  t o  the  l a c k  of c o n s i s ­

t e n c y  in  th e  m otion  r e p o r t s .

In e x p e r im e n t  8 ,  v a r i a t i o n  in th e  s e p a r a t i o n  b e t w e e n  TIAM s t im u l i
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a n d  th e  c e n t r a l  f ix a t io n  l in e  d id  no t  in f lu e n c e  the  TIAM p r e d o m in a n c e  

e f f e c t .  T h is  r e s u l t  may be r e g a r d e d  a s  p r e s e n t i n g  a  p rob lem  for the  

d o u b le  image  h y p o t h e s i s  s i n c e  d e g re e  of d i s p a r i t y  is an  im p or tan t  v a r i ­

a b le  for s t e r e o p s i s .  H o w ev e r ,  if th e  range  of s e p a r a t i o n s  t e s t e d  w a s  

w i th in  th e  d i s p a r i t y  r a n g e  for w h ic h  th e r e  i s  q u a l i t a t i v e  r a th e r  than  

p r e c i s e  d e p th  l o c a l i z a t i o n ,  l i t t l e  c h a n g e  would  be  e x p e c t e d  in th e  

d e g re e  of a h e a d - b e h i n d  d e p th  e f f e c t s .  C o n s e q u e n t l y ,  the re  w ou ld  be 

no  c h a n g e  in th e  s t r e n g th  of the  TIAM p r e d o m in a n c e  e f f e c t .  On the  

o th e r  h a n d ,  s i n c e  s t e r e o p s i s  d o e s  not  o c cu r  a t  a l l  for v e ry  l a rg e  d i s ­

p a r i t i e s ,  it  s h o u ld  be p o s s i b l e  in fu tu re  r e s e a r c h  to  d e m o n s t r a t e  a 

l o s s  of th e  p r e d o m in a n c e  e f f e c t  for v e ry  la rg e  s e p a r a t i o n s  . H o w e v e r ,  

t h i s  d e m o n s t r a t i o n  may p rove  i m p r a c t i c a l  s i n c e  AM may n o  lo n g e r  be  

p e r c e i v e d  for ve ry  w ide  s e p a r a t i o n s .

In a d d i t i o n  to  s tu d y  of the  e f f e c t s  of v a r i a t i o n  in t em p o ra l  c o n ­

d i t i o n s  an d  s e p a r a t i o n ,  s e v e r a l  s u g g e s t i o n s  for fu r th e r  r e s e a r c h  may 

be  o f f e r e d .  The u p p e r - l o w e r  p o s i t i o n  e f f e c t s  fo un d  for b o th  TIAM a n d  

d e p th  l o c a l i z a t i o n  sh o u ld  be  s t u d i e d  in g r e a t e r  d e t a i l .  V e r t i c a l  s e p a ­

r a t io n  b e t w e e n  a r r a n g e m e n t s  c o u ld  be  m a n i p u l a t e d ,  a n d  r e s u l t s  for 

o b s e r v a t i o n  of s i n g l e  a r r a n g e m e n t s  c o u ld  be c o m p a r e d ,  in  th e  sam e  

e x p e r i m e n t ,  w i th  r e s u l t s  for s i m u l t a n e o u s  p r e s e n t a t i o n  of tw o  a r r a n g e ­

m e n t s .  The s tu d y  of TIAM a s  a n  "am biguous  f i g u r e "  i s  a n o th e r  p o s s i b l e  

r e s e a r c h  a r e a .  R e v e r s a l  f r e q u e n c i e s  w i th  p ro lo n g e d  v ie w in g  c o u ld  be 

o b ta in e d  a n d  c o m p a re d  w i th  r e s u l t s  for o th e r  w e l l  known r e v e r s a l  p h e ­

n o m e n a .  F in a l ly ,  it would  be  of i n t e r e s t  t o  d e te rm in e  w h e th e r  a p r e ­

d o m in a n c e  e f f e c t  o c c u r s  w hen  a f igure  in a c t u a l  p h y s i c a l  m ovem ent  is  

v i e w e d  i n t e r o c u l a r l y .
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A p p e n d ix  I

R ev iew  of I n t e r o c u la r  a n d  T r id im e n s io n a l  A pparen t  M o v em en t

The p h e n o m e n o n  of a p p a r e n t  m ovem en t  (AM) w a s  know n  be fore  

t h e  turn  of th e  c e n t u r y ,  but  it w a s  not  un t i l  p u b l i c a t i o n  of W e r t h e i m e r ' s  

(1912) c l a s s i c  p a p e r  t h a t  it w a s  s t u d i e d  in d e t a i l .  W e r th e im e r  m ade  it 

c l e a r  t h a t  the  p rob lem  of a p p a r e n t  m o tion  is  of g r e a t  t h e o r e t i c a l  s i g n i f ­

i c a n c e  for p s y c h o l o g y  a nd  p h y s i o l o g y .  In s u c c e e d i n g  y e a r s  t h e r e  h a s  

b e e n  m uch  d i s c u s s i o n  c o n c e r n i n g  the  m e c h a n i s m s  u n d e r ly in g  th e  p h e ­

n o m e n o n ,  a n d  a  s u b s t a n t i a l  a m o u n t  of r e s e a r c h  h a s  b e e n  c a r r i e d  out  to  

a n a l y s e  th e  v a r i o u s  f a c t o r s  w h ic h  i n f lu e n c e  it  (Aarons,  1964) .  H o w e v e r ,  

two a s p e c t s  of th e  p h e n o m e n o n  h a v e  b e e n  r e l a t i v e l y  n e g l e c t e d ,  i n t e r o c ­

u la r  AM a n d  t r i d i m e n s io n a l  AM .

I n t e r o c u i a r  AM

Exner  (1875) w a s  the  f i r s t  t o  r e p o r t  i n t e r o c u i a r  AM a n d  o th e r s  have  

s i n c e  v e r i f i e d  it  ( M u n s t e r b e r g ,  1894;  W e r t h e i m e r ,  1912; L a n g f e ld ,  192 7 ) .  

As W e r th e im e r  (1912) e m p h a s i z e d ,  i n t e r o c u i a r  AM is  im p o r tan t  b e c a u s e  

it c a s t s  doub t  upon  an  e x p l a n a t i o n  of AM s o l e l y  in te rm s  of a r e t i n a l  

i n t e r a c t i o n  m e c h a n i s m .  I n t e r o c u i a r  AM t h u s  p o i n t s  t o  a  c e n t r a l  i n v o l v e ­

ment in th e  p r o c e s s  u n d e r ly in g  AM.

F u r th e r  s t u d i e s  of i n t e r o c u i a r  AM h a v e  m ade  e v e n  a  c e n t r a l  l o c u s  

for  th e  AM m e c h a n i s m  d i f f i c u l t  t o  s p e c i f y .  W e r t h e i m e r ' s  (1912) o r ig in a l  

" s h o r t - c i r c u i t "  th e o ry  p l a c e d  th e  p r o c e s s  in th e  c e r e b r a l  c o r t e x ,  and  

t h i s  w a s  l a t e r  e l a b o r a t e d  a n d  e m p h a s i z e d  in th e  f i e ld  th e o ry  of G e s t a l t  

p s y c h o l o g i s t s .  D e a t h e r a g e  a n d  B i t te rm an  (1952) h a v e  r e p o r t e d  th a t  the  

p a th  of i n t e r o c u i a r  AM c a n  be  i n f l u e n c e d  by p r e s u m e d  c h a n g e s  in th e  

c o r t i c a l  f i e l d .  A l t e rn a te  c e n t r a l  e x p l a n a t i o n s ,  s u c h  a s  t h a t  of O s g o o d  

(1953 ,  p .  245) h a v e  a l s o  p l a c e d  t h e  p r o c e s s  in th e  c o r t e x .  H o w e v e r ,
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th e  c o r t e x  i s  b i l a t e r a l  and  th e  i n t e r o c u i a r  p r o c e d u r e  p e rm i t s  the  p r o d u c ­

t io n  of th e  n e u ra l  a c t i v i t y  i n d e p e n d e n t l y  in th e  tw o  h e m i s p h e r e s .  F ib e r s  

from the  n a s a l  p o r t io n  of t h e  r ig h t  r e t i n a  a nd  th e  t e m p o r a l  p o r t ion  of the  

l e f t  r e t i n a  p r o j e c t  t o  th e  le f t  v i s u a l  c o r t e x ,  t h e r e b y  g iv in g  r i s e  to  the  

c o r t i c a l  r e p r e s e n t a t i o n  of th e  r igh t  h a l f  of th e  v i s u a l  f i e l d .  S im i la r ly ,  

th e  l e f t  n a s a l  a n d  r ig h t  t e m p o ra l  r e t i n a s  p r o j e c t  t o  th e  r igh t  ha lf  of the  

c o r t e x ,  g iv in g  r i s e  to  th e  c o r t i c a l  r e p r e s e n t a t i o n  of th e  le f t  v i s u a l  f i e l d .  

But th e  n a s a l  p o r t i o n s  of the  tw o  r e t i n a s  p r o j e c t  to  o p p o s i t e  s i d e s  of th e  

c o r t e x ,  a s  do  the  two te m p o ra l  r e t i n a s ,  a n d  th e  t e m p o ra l  a n d  n a s a l  p o r ­

t i o n s  of th e  sa m e  r e t i n a .  P ie ro n  (1933) a l t e r n a t e l y  s t i m u l a t e d  bo th  

n a s a l  r e t i n a s  a n d  Smith  (1948) e x t r e m e  n a s a l  r e t i n a s ,  a n d  bo th  r e p o r t e d  

A M . G e n g e r e l l i  (1948) p r o d u c e d  AM by a l t e r n a t e l y  s t im u la t in g  o p p o s i t e  

h a l v e s  of th e  s a m e  r e t i n a .  T h u s ,  AM c a n  o c c u r  e v e n  th o u g h  th e  r e t i n a l  

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

t h e  c o rp u s  c a l l o s u m ,  w h ic h  p r o v i d e s  for  in fo rm a t io n  t r a n s f e r  b e tw e e n  

h e m i s p h e r e s  (C f .  M o u n t c a s t l e ,  1962; B e r lu c c h i ,  G a z z a n i g a  and  

R i z z o l a t t i ,  1967), c o u ld  s e r v e  to  i n t e g r a t e  th e  tw o  s e p a r a t e  n e u ra l  

p r o c e s s e s .  H o w e v e r ,  Bridgman a n d  Sm ith  (1945) d e m o n s t r a t e d  AM, 

p r o d u c e d  by  s t i m u l a t i o n  of w i d e ly  s e p a r a t e d  n a s a l  a n d  te m p o ra l  p o r ­

t i o n s  of th e  s a m e  r e t i n a ,  in hum an p a t i e n t s  w i th  a c o m p le t e  s e c t i o n  of 

t h e  c o rp u s  c a l l o s u m .  T h is  r e s u l t  d o e s  not  n e c e s s a r i l y  m e a n  th a t  the  

c o r p u s  c a l lo s u m  (or som e  o th e r  c o m m is s u r e  or s u b c o r t i c a l  s t ru c tu re )  i s  

not  n o rm a l ly  i n v o lv e d  in i n t e r o c u i a r  AM, but  it  m ay  m ean  th a t  AM c a n  

o c c u r  w i th o u t  a d i r e c t  i n t e r a c t i o n  of th e  tw o  n e u ra l  p r o c e s s e s .  A 

s tu d y  by  Verhoeff  (1940) may b e a r  on t h i s  m a t t e r .  P a t i e n t s  hav ing  

a n o m a lo u s  p r o j e c t i o n  due  to  a n  i n a b i l i t y  to  f ix a te  p ro p e r ly  w ere  found 

a b le  to  p e r c e i v e  i n t e r o c u i a r  AM. T h e s e  p a t i e n t s  w ere  s a i d  to  l a c k  a
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f ix e d  r e l a t i o n s h i p  b e tw e e n  r e t i n a l  f i x a t io n  a r e a  a n d  c o r t i c a l  p r o j e c t io n  

a r e a  . The r e s u l t s  w e re  t a k e n  to  s u g g e s t  th a t  th e  AM m e c h a n i s m  i n ­

v o l v e s  c o r t i c a l  a r e a s  w h ic h  do not  b e a r  a f ix e d  fu n c t io n a l  r e l a t i o n s h i p  

to  r e t i n a l  l o c u s .  In o ther  w o r d s ,  s p e c i f i c  s p a t i a l  r e l a t i o n s  of c o r t i c a l  

e v e n t s  may not  be c r u c i a l .  T here  t h u s  may not  be a s p e c i f i c  b ra in  l o ­

c u s  i n v o lv e d  in the  AM m e c h a n i s m .  Fur ther  e v i d e n c e  w h ic h  a p p e a r s  to  

s u p p o r t  t h i s  v i e w  c o m e s  from th e  d e m o n s t r a t i o n  th a t  AM c a n  a p p a r e n t l y  

t a k e  p l a c e  a c r o s s  a c q u i r e d  s c o t o m a t a  (b l ind r e g io n s )  of th e  v i s u a l  f i e ld  

(Teuber  a nd  B en d er ,  19 5 0) . R e s u l t s  have  a l s o  b e e n  r e p o r t e d  w h i c h  a re  

s a i d  to  i n d i c a t e  t h a t  p h e n o m e n a l  r a t h e r  th a n  r e t i n a l  s e p a r a t i o n  of the  

tw o  s t im u l i  i s  s u f f i c i e n t  (and n e c e s s a r y )  t o  p r o d u c e  AM (Rock a n d  

E b e n h o l t z ,  1962; B ro sg o le ,  1966) .

In a d d i t i o n ,  AM, p r o d u c e d  i n t e r o c u l a r l y , h a s  b e e n  c o m p a re d  to  

o th e r  m e th o d s  of p r e s e n t a t i o n .  It  h a s  b e e n  found  th a t  th e  t im e  in te r v a l  

for optimal m o vem en t  i s  c o n s i d e r a b l y  l o n g e r  for i n t e r o c u i a r  AM t h a n  for 

m o n o c u la r  or b i n o c u l a r  AM (Allers ,  1935); t h a t  for f ix e d  tem p o ra l  c o n ­

d i t i o n s  i n te r o c u ia r  AM is a  " rea l  l o o k in g "  a s  m o n o c u la r  AM but  not  a s  

g oo d  a s  b i n o c u l a r  AM (S h ip ley ,  K enney  a n d  King, 1945); a n d  th a t  w i th  

m o n o c u la r  v i e w in g ,  AM p r o d u c e d  by s t im u l a t i n g  one  h e m is p h e r e  p r e ­

d o m in a t e s  ov e r  AM p ro d u c e d  by s t i m u l a t i n g  o p p o s i t e  h e m is p h e r e s  

( G e n g e r e l l i ,  1948) .  In a  more c o m p le t e  a n a l y s i s ,  Ammons a n d  W e i t z  

(1951) found  th a t  w i th  f ix ed  te m p o ra l  c o n d i t i o n s ,  m o n o cu la r  AM i s  r e ­

p o r t e d  more  f r e q u e n t ly  th a n  in t e r o c u i a r  AM, a n d  s t im u l a t i o n  of the  sa m e  

h e m is p h e r e  (m o no cu la r  or i n t e r o c u i a r  v iew in g )  r e s u l t s  in  AM more o f ten  

th a n  s t i m u l a t i o n  of o p p o s i t e  h e m i s p h e r e s  . Ammons a n d  W e i t z  i n te r p r e t  

t h e s e  r e s u l t s  a s  s u g g e s t i v e  of a  s u b c o r t i c a l  i n v o lv e m e n t  in AM. H ow ­

e v e r ,  d i f f e r e n t  s t i m u l a t i o n  m e th o d s  i n v o lv e  d i f f e r e n t  c o n d u c t io n  p a t h w a y s ,



a n d  w i th  c o n s t a n t  t e m p o ra l  c o n d i t i o n s ,  d i f f e r e n c e s  found  for d i f f e re n t  

v i e w in g  c o n d i t i o n s  may be  due s o l e l y  to  d i f f e r e n c e s  in  o p t im a l  t e m ­

p o ra l  r e l a t i o n s .  In a n y  e v e n t ,  t h e  i n t e r o c u ia r  s i t u a t i o n ,  w i th  i t s  s e p ­

a r a t e  s t i m u l a t i o n  of th e  tw o  r e t i n a s  a n d  the  p o s s i b i l i t y  of s e p a r a t e l y  

s t i m u l a t i n g  t h e  tw o  h a lv e s  of the  c o r t e x ,  s h o u ld  c e r t a i n l y  be s t u d i e d  

in g r e a t e r  d e t a i l .

AM In D e p th

M o s t  AM s t u d i e s  hav e  d e a l t  w i th  p l a n a r  forms of m o t io n .  It has  

b e e n  know n for  som e t i m e ,  h o w e v e r ,  th a t  t r i d im e n s io n a l  AM may of ten  

be  p e r c e i v e d .  W e r th e im e r  (1912) s u c c e s s i v e l y  p r e s e n t e d  tw o  p a r a l l e l  

v e r t i c a l  l i n e s  w ith  a  th i rd  f i x e d  l in e  p l a c e d  b e t w e e n  t h e m .  A s i n g l e  

l i n e  w a s  p e r c e i v e d  to  move a c r o s s  th e  m idd le  l i n e ,  m oving  in a n  a rc  

b e h in d  i t .  S im i la r  e f f e c t s ,  in  w h ic h  one  f igure  a p p e a r s  to  s w in g  b a c k  

a n d  for th  in front of or  b e h in d  a n o t h e r  f i g u r e ,  have  b e e n  r e p o r t e d  by 

L a n g fe ld  (1927) ,  F e rn b e rg e r  (1934) and  Rock a nd  E b en h o l tz  (196 2 ) .  

B e n u s s i  (1916) d e m o n s t r a t e d  a  c h a n g e  from tw o  to  t h r e e - d i m e n s i o n a l  

m ov em en t  by s im p ly  p r e s e n t i n g  a  p a i r  of s e p a r a t e d  d o t s  in s u c c e s s i o n .  

After  a w h i l e ,  th e  p l a n a r  AM i n i t i a l l y  p e r c e i v e d  c h a n g e d  t o  a c i r c u l a r  

m otion  in th e  th i rd  d i m e n s i o n  (in a  p l a n e  of 90* to  th e  f r o n t o p a r a l l e l ) . 

M ib a i  (1931) n o t i c e d  a  s i m i l a r  e f f e c t  u s in g  p a r a l l e l  l i n e s .

The e a s i e s t  w a y  t o  p ro d u ce  im m e d ia te  t r i d i m e n s io n a l  AM i s  by 

p ro p e r  m a n ip u la t io n  of s t im u lu s  sh a p e .®  H ig g i n s o n  (192 6) a l t e r n a t e l y  

p r e s e n t e d  tw o  t r i a n g u l a r  s h a p e s ,  one  p o in t in g  t o  th e  l e f t  a n d  th e  o ther  

t o  th e  r i g h t .  A s i n g l e  t r i a n g le  w a s  p e r c e i v e d  to  sw in g  from one  o r i e n ­

t a t i o n  t o  th e  o th e r  w i th  the  v e r t e x  r o ta t in g  a h e a d  of t h e  p l a n e ,  to w a rd

® AM in d e p th  c a n  a l s o  be  p ro d u c e d  by c h a n g e s  in  b r i g h t n e s s  or 
s i z e  (Bart ley ,  1969,  p .  25 2 ) .  T h e s e  e f f e c t s  w i l l  not  be c o n s i d e r e d .
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the  o b s e r v e r .  S im i la r  forms of t r i d i m e n s io n a l  AM h a v e  b e e n  r e p o r te d  by 

o t h e r s ,  u s in g  t r i a n g u la r  f ig u re s  o p p o s i t e l y  o r i e n t e d  a b o v e  a n d  b e lo w  e a c h  

o ther  ( S t e i n i g , 1929) ,  and  a rrow  s h a p e s  (O r la n s k y ,  1940; B ro sg o le ,  1966) 

a nd  s e m i c i r c l e s  ( O r la n s k y ,  1940) p o in t in g  in o p p o s i t e  d i r e c t i o n s .

Koffka (1930) has  a rg u e d  th a t  m otion  in d e p th  is  o f ten  f a v o re d  ove r  

m otion  in the  p l a n e  in a c c o r d a n c e  w i th  c l a s s i c a l  p r i n c i p l e s  of p e r c e p ­

tu a l  o r g a n i z a t i o n .  T h u s ,  t r i d i m e n s io n a l  AM is  o f ten  th e  form w h i c h  is  

s h o r t e s t  in  t a c k  w i th o u t  d i s t o r t i o n  of form. A ccord ing  to  O r l a n s k y  (1940) ,  

S c h i l l e r ' s  i n v e s t i g a t i o n  (1933) s u p p o r t e d  K offka 's  c o n te n t i o n  by sh o w in g  

th a t  th e  p a th  fo l lo w e d  in t r id i m e n s io n a l  AM i s  a c t u a l l y  th e  s h o r t e s t ,  b e s t  

p a t t e r n e d  a n d  s m o o t h e s t  of a l l  a l t e r n a t i v e s .  Vernon (1937) ,  a f t e r  r e v i e w ­

ing t r i d i m e n s io n a l  AM s t u d i e s ,  c o n c l u d e d  t h a t  "the a t t r a c t i o n  th ro u g h  

s im i l a r i t y  of th e  tw o  p a r t s  of th e  c o n f i g u r a t i o n  o p e r a t e s  in a g re e m e n t  w i th  

the  t e n d e n c y  to w a rd s  the  e a s i e s t  m otion  w i th o u t  d i s t o r t i o n  of the  c o n ­

f i g u r a t io n .  . . . a n d  t h i s  may q u i te  f r e q u e n t ly  p ro d u c e  a ro ta ry  t h r e e - d i m e n ­

s io n a l  m o v e m e n t .  . . [p. 173] . "

A nother  i s s u e  c o n c e r n s  the  p e r c e p t i o n  of t r i d i m e n s io n a l  AM e i t h e r  

a h e a d  or b e h in d  th e  p l a n e .  It  h a s  b e e n  r e p o r t e d  (C f .  F e r n b e r g e r ,  1934; 

Rock & E b e n h o l t z ,  1962) t h a t  Ss may  p e r c e i v e  e i t h e r  ty p e  of m o v e m e n t .  

H o w e v e r ,  t h e s e  i n v e s t i g a t o r s  w ere  not  c o n c e r n e d  w i th  c o n t r o l l in g  th e  

type  of m ovem ent  w h ic h  i s  p e r c e i v e d ,  a n d  fu r th e rm o re ,  th ey  d id  not  p r e s ­

e n t  t h e i r  s t im u l i  i n t e r o c u l a r l y .
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APPENDIX II
9

In d iv id u a l  D a ta  a n d  S t a t i s t i c a l  A n a l y s e s  

A. E x p er im en t  1

A n a ly s i s  of V a r ia n ce
S t im u lu s  C o n d i t i o n

Subj .
B R L N T Source DF MS F

1 8 5 4 3 3 Ss 19 2 2 . 4

2 4 3 3 5 9 C o n d i t i o n 14 2 1 . 8 4 7 .9 7 * * *

3 1 8 8 9 2 8 Error 2 . 7 4

4 8 6 7 4 4

5 3 5 3 3 4
P a i r e d  C o m p a r i s o n s

T B R L N
6 0 3 3 1 4

T * *
7 6 5 5 4 6

B **
8 5 5 3 2 7

R **
9 10 10 10 10 10

L
10 10 10 10 10 10

11 9 2 1 1 7

12 3 4 3 1 5

13 2 4 3 1 5

14 4 2 4 0 3

15 2 5 1 1 1

16 9 5 3 0 3

17 5 6 6 4 6

18 2 4 1 3 4
y

S i g n i f i c a n c e  l e v e l s :

19 8 6 7 3 9
1*£ < .05

20 4 4 4 4 6 * * R <

***p <

.01

.001
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B. E xper im ent  2

— 1
F i x a t i o n - C r o s s  Group N o - C r o s s  Group

S u b je c t
i

T r ia n g le S e m ic i rc l e T r ia n g le S e m ic i rc l e

N T N T 1
•' t

N T N T

1 0 0 0 0 0 9 1 9

2 4 7 2 10 3 8 0 5

3 2 5 0
1

1 0 1 0 0

4 5 7 2 5 0 0 0 0

5 6 7 7 10 0 9 0 0

6 4 8 2 7 0 0 0 0

7 1 9 0 7 4 4 1 1

8 5 6 3 9 2 3 1 1

9 0 6 4 5 3 7 5 9

10 8 10 7 9 5 6 1 3

11 3 7 4 8 2 9 0 1

12 6 7 3 3 1 5 2 6

13 0 4 0 3 21 8 4 5

14 0 4 2 5 2 10 1 2

15 2 10 1 7 1 4 0 5

16 4 4 4 4 7 9 0 8

17 10 10 10 10 1 7 1 5

18 6 1 1 10 0 2 0 0

19 1 9 o
i

5 7 9 4 3

20 2 8 i 9 2 7 1 7



E x p er im e n t  2 f c o n t . )

A n a l y s i s  of V a r ia n ce

Source DF MS r

B etw een  Ss 39 2 0 . 1 5

F ix a t io n  (A) 1 8 5 . 5 5 4 . 6 4 *

Ss  WG 38 1 8 .4 3

W ith in  Ss 120 7 . 8 0

S h a p e  (B) 1 5 6 . 4 0 1 5 .4 5 * * *

AB 1 9 .5 2 2 . 6 1

B x Ss  WG 38 3 . 6 5

S t im u lu s  c o n d .  (C) 1 3 8 1 . 3 0 5 6 .4 9 * * *

AC 1 .02 < 1

C x S s  WG 38 6 .7 5

BC 1 3 .3 2 1 .4 9

ABC 1 5 .98 2 . 6 9

BC x  Ss  WG 38 2 . 2 2
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C . E xper im ent  3

S u b je c t
T r ia n g le S e m ic i r c l e

N T N
.

T

1 3 9 1 5

2 0 0 0 0

3 0 5 0 0

4 3 8 3 4

5 7 10 5 10

6 2 5 1 3

7 2 10 0 2

8 0 5 0 5

9 3 5 0 2

10 2 6 0 3

11 1 7 1 8

12 0 0 0 0

13 4 2 2 1

14 3 9 3 3

15 2 3 3 6

16 ; 1 3
1

1 1

17
i
! 0 9 I 0 9

18
i

5 8 ! 4 5

19 0 0 ; o 0

20 1 2 8 i 9

A n a ly s i s  of V a r ia n ce

'! ~ h  r
Source  t DF MS

Ss i  19 1 6 .6 9

C o n d i t i o n 3 7 5 .7 1 1 9 .9 2 * * *

Error 57 3 . 8 0  i1
i

P a i r e d  C o m p a r i s o n s

tr it r i semsem

tri
**

sem

tri
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D .  E x per im en t  4

' ~! ~ T ~I
Left  ! Right 

S u b je c t  F ix a t io n  F ix a t io n

LR RL , LR RL

1 3 i o  ; 8 8

2 3 7 2 9

3 3 9 2 7

4 1 3 3 4

5 4i 1 0  : 0 9

6 ' 3 8 6 9

7 : 0 0  i1
0 0

8 6 1 0  1 6 8

9 : 0 8 0 8

1 0 ■ 2 7 2 1 0

11 1 8 1 7

12 i 0 6 1 6

13 ; 0 8 0 7

14 5 5 0 5

15 3 7 4 1 0

A n a l y s i s  of V a r ia n ce

;
Source  DF

j
MS F

1

Ss 1 14 

C o n d i t i o n  j 3

Error j 42
1------------------- 1—----------

1 4 .7 9  

1 1 5 .2 2  

3 .2 8

3 5 .1 3 * * *

P a i red  C o m p a r i s o n s

RLrf LRj-f LR  ̂£■

RL,

RL * *

j.
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E . E xper im en t  5A

Subj.

LR a b o v e  RL RL a b o v e  LR
Subj.

LR a b o v e  RL RL a b o v e  LR

LRa RLb LRb RLa LRa RLb LRb RLa

1 10 10 10 10 15 1 10 3 8

2 2 10 5 10 16 2 9 10 7

3 1 9 4 7 17 0 9 5 0

4 2 9 5 10 18 0 10 0 10

5 1 10 3 10 19 1 10 5 10

6 0 10 10 0 20 2 10 9 2

7 1 9 6 6 21 0 10 2 8

8 0 9 5 5 22 2 9 5 5

9 2 8 3 10 23 10 10 10 10

10 0 10 10 0 24 1 9 6 8

11 2 10 0 9 25 0 10 0 10

12 3 10 3 10 26 3 9 3 8

13 1 7 2 0 27 0 10 0 10

14 0 10 3 8

A n a l y s i s  of V a r ia n ce

Source DF MS F

Ss 26 9 . 4 0

C o n d i t io n 3 2 7 9 . 4 2 43 .2 3 * * *

Error 78 6 . 8 8

P a i red  C o m p a r i s o n s

LRRL- RL LR

A ★

RL * *a
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F . E xper im ent  5B

Subj .
LR ab o v e RL 1 RL a b o v e LR Both LR Both RL

LRa , v 
a (l)

RLb
L R b <2) RLa LRa(3)

LRb RL_
(4)

Rib

1 0 10 0 10 1 0 8 8

2 2 7 0 7 2 2 7 7

3 1 2 j 1 5 9 8 9 9

4 0 9 1 10 0 0 9 9

5 4 6 6 5 7 8 9 9

6 6 5 2 6 1 1 5 5

7 5 8 4 8 6 6 5 9

3 2 7 3 9 2 6 9 7

9 0 10 8 3 ; 0 0 6 6

10 0 7 3
1

6 1 2 6 7

11 10 10 10 10 10 10 10 10

12 5 5 2 8 8 7 8 7

13 0 10 9 8 0 0 7 7

14 3 7 3 6 : 6 4 5 7

15 3 8 7 6 4 4 6 6

16 I 6 7 2 4 1 4 4 10 10

17 0 10 1 9 0 0 5 5

18 2 10 3 8 4
4

8 8

19 0 10 10 0 0 0 0 0

20 2 9 0 9
1

2 3 7 8

2 1 ! o1
10 0 7 1 1 10 10

22 ; 2

i
8 1 10 3 3

.
10 10
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F . E xper im en t  5B. ( c o n t . )

Subj .
LR a b o v e RL RL a b o v e LR Both LR Both RL

LRa / v 3 (1)
RLb

LRb (2) RLa LRa
(3)

LRb RL„ RLh 
a (3) b

23 3 9 9 3 0 2 7 7

24 9 2 7 3 0 2 1 2

25 6 8 6 7 3 2 8 8

26 3 9 2 5 2 2 5 5

27 2 10 9 5 1 1 10 10

A n a ly s i s  of V a r ia n ce

..  " 1
S o u rce DF MS F

Ss 26 1 5 .7 7

C o n d i t i o n 7 1 3 0 .8 1 2 0 . 1 9 * * *

Error 182 6 . 4 8

P a i r e d  C o m p a r i s o n s

RLl b  RL4b RL4a  RL2a LR2b LR3b LR3a LRl a

* * **

* *

**

RL
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G . E xper im en t  5C: S e m ic i r c l e s

S u b je c t

LR a b o v e  RL RL a b o v e  LR

LRa RLb LRb RLa

1 0 10 6 2

2 2 7 0 6

3 1 8 6 2

4 9 9 9 9

5 0 10 1 6

6 0 10 1 9

7 1 6 6 3

8 0 9 3 7

9 3 7 1 1

10 1 9 7 0

11 1 7 o 9

12 0 8 1 6

13 2 7 0 10

14 1 9 3 9

15 1 9 4 8

16 0 9 0 10

17 0 9 4 7

18 0 8 3 7

19 0 10 0 10

20 0 10 10 1

A n a l y s i s  of V a r ia n c e

Source DF M3 F

Ss 19 5 . 5 5

C o n d i t i o n 3 2 1 2 . 2 3 2 9 .4 4 *

Error 57 7 . 2 1

P a i r e d  C o m p a r i s o n s

RL RL LR LR
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H . E xper im en t  5C: Left  F ix a t io n

=r
! LR a b o v e  RL

S u b je c t  f-

1

2

3

4

5

6

7

8 

9

10

11

12

L R a  RLfa

1

4

5 

8 

4

3 

2

4

5 

4 

0 

0

RL a b o v e  LR
A n a l y s i s  of V a r ia n c e

3 

10

8

4

5 

8

7

6

8 

4 

6 

8

LRb RLa

4

7

7

2

4

5 

7

4

5 

4 

1 

2

6

4

7 

9

8

5 

2

10

7

2

3

5

13 10

15

17 10

10

20 10

Source DF MS F

Ss 19 11. 14

C o n d i t i o n 3 5 5 . 7 8 1 1 .6 0 * * *

Error 57 4 . 8 1

RL;

RLi

LRv

P a i r e d  C o m p a r i s o n s

RLa  RLb LRb LRa

**
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I . E x pe r im e n t  6

LR a b o v e  RL RL a b o v e  LR
S u b je c t

LR, RLLR RL,

10

101011

15

16

10

20

A n a ly s i s  of V a r ia n c e

S o u rce DF MS F

S_s 19 1 1 .1 3

C o n d i t i o n 3 1 8 5 .0 1 3 1 .1 5 * * *

Error 57 5 . 9 4

P a i r e d  C o m p a r i s o n s

RLb RLa LRb LRa

+** *RLb
* *RLa
*■*LR,'b
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J . E xp er im en t  7

E xper im ent  7A
L J  U U J  C  V —  L

I R a b o v e  L !l a b o v e  Ri

1
1
| 5

T
' 5

2 0 0

3 2 1 3
I

4 8 8

5 10 8

6 2 5

7 6 6
i

8 6 7

9 0 0

10 10 10

11 10 10

12 7 2

13 2 2

14 8 4

15 0 1

16 0 0

17 2 6

18 6 8

RL L Fix , R Fix, LR

RL

L Fix 

R Fix

S u b je c t
Exper im en t  7B

RL i  R F ix . L Fix

1 6 5 1 6 7

2 8 10 0 6

3 2 10 10 10

4 2 10 3 3

5 0 7 1 1

6 1 9 3 0

7 9 9 10 8

8 2 7 7 10

9 8 5 0 0

10 2
5

6 4

11 7 6 7 6

12 \ 10 10 10 10

13 j  10 10 10 10

14 10 10 10 10

15 i  2 7 4 5

S o u rce

Ss

C o n d i t i o n

Error

DF

14

3

42

MS

27 . 50 

2 2 . 6 4  

6 .3 2

3 . 5 8 *
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K. E xper im ent  8

S u b je c t

1 / 1 6  i n . 3 / 8  in .

LR RL LR RL

1 3 8 2 6

2 0 8 4 9

3 4 10 0 10

4 1 7 0 0

5 2 7 3 9

6 4 9 0 7

7 1 5 2 8

8 5 9 2 4

9 0 6 0 8

10 3 10 1 9

11 2 3 3 4

12 1 7 1 5

13 3 5 1 7

14 9 9 2 2

15 3 4 4 7

16 9 9 4 4

17 2 5 4 5

18 2 5 3 6

19 1 8 2 8

20 0 8 0 10

A n a ly s i s  of V a r ia n ce

Source DF MS F

Ss 19 4 . 9 0

C o n d i t i o n 3 13 4 .5 8 2 6 .0 8 * * *

Error 57 5 . 1 6

Pa ired  C o m p a r i s o n s

RL1/1 6  RL3 / 8  LR1/1 6  LR3 / 8

** **
RL1 /1 6

RL3 /8

LR1/16
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L . E xper im ent  9

F i r s t  G roup
i

Subj . C e n t r a l  F ix . Left F i x .

LR RL LR RL
i
i

1 0 5 0 10

2 1 2 0 0

3 1 10 0 9

4 0 1 7 7

5 3 10 2 9

6 0 6 2 8

7 2 3 2 2

8 6 7 4 6

9 0 1 10 10

10 0 7 2 6

11 0 10 4 9

12 0 o 0 0

13 0 3 o 10

14 0 10 7 10

15
. 2
*-

10 6 6

Source DF MS F

Ss 14 1 1 .8 6

C o n d i t io n 3 117 .38 1 4 .4 4 * * *

Error 42 8 . 1 3

1------------------------------
S e co nd  G roup

S u b j . f-
LR RL

10

10

1010

1011

10

RLj£ RLj.f k ^ l f  LRj-f

**

**RL.'rf
LRIf
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M . E x p er im en t  10A

[ C e n t r a l  F ix .  j Left  F ix .
S u b je c t  j------------------------- j---------------------

LR RL j LR RL

1 3 10 10 7

2  i 1
1

7 2 2

3 2 10 10 0

4
i

3 5 4 6

5 : 0 10 7 3

6 2 10 2 10

7
i

0 6 2 5
I

8 1 8 7 7

9 6 7 3 1

10 0 9 9 9

11 8 10 0 0

12 0 3 0 4

13 0 10 2 5

14 1 10 5 7

15 4 10 6 10

16 3 7
i

5 5

17 0 9 6 1

18 1 5 3 6

19 0 5 0
1

8

20 6 3
1
i 6 7
1

An a l y s i s  of V a r ia n c e

Source DF MS F

Ss 19 8 . 9 5

C o n d i t i o n 3 1 0 8 .0 8 1 4 .3 1 * * *

Error 57 7 . 5 9

P a i r e d  C o m p a r i s o n s

RLc f  RLlf  LRlf  LRcf  

RLcf  ** **

RLlf  **

LRlf
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N , E xper im en t  10B

S u b je c t
C e n t r a l  F ix . Left  F i x .

LR RL LR RL

1 0 9 0 4

2 8 2 8 8

3 1 6 0 6

4 1 7 1 9

5 0 10 2 6

6 1 0 0 0

7 0 5 8 9

8 3 8 0 8

9 0 7 0 7

10 0 4 1 0

11 2 1 1 3

12 0 1 0 7

13 3 6 6 4

14 4 9 3 10

15 1 8 3 9

16 1 2 8 9

17 10 5 10 10

18 3 8 6 10

19 0 2 0 10

20 6 10 4 8

A n a ly s i s  of V a r ia n c e

Source DF MS F

Ss 19 1 8 .5 9

C o n d i t i o n 3 9 4 . 1 5 12 . 9 7 * * *

Error 57 7 . 2 6

P a i r e d  C o m p a r i s o n s

RLlf  RLc f  LRlf  LRc f

* *
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O . E xper im en t  IOC

LR a b o v e  RL RL a b o v e  LR Both LR Both RL
S u b je c t

LR RL LR RL LR LR RL RLl b 2 b 3 a'2a 3b 4a 4b

10

10 10

10

11 10

10

16

17

18 10

10

20

21
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O . E xper im en t  IOC (c o n t . )

Both LR Both RLLR a b o v e  RL RL a b o v e  LR

S u b je c t

RL4a RL4bLR2 b  RL2 a LR3 a  LR3bLR

22

23

An a l y s i s  of V a r ia n c e

Source

5 .0 1

114. 17C o n d i t io n

7 . 2 8

1 5 .6 8 * * *

P a i r e d  C o m p a r i s o n s

RL lb

RL4b

RL2 a  
RLy“4 a

LR2 b

LR 3 b

^ l b  RL4b RL2 a  RL4a  LR2b LR3b LRl a  LR3o

* *

* * *  * * *

*  * * *

* * * *

* *

LR l a



P . E x p er im en t  11

F i r s t  Group
,-----------------------

S u b j . ! T r i a n g le s

1

2

3

4

5

6

7

8 

9

10 

11 

12

13

14

15

RLtr i

LR

2

6

1

0

8

0

3

2

1

3

0

6

2

0

0

T r a p e z o id s

RL

7

8 

3 

1 

9 

5 

8 

3 

3 

9

10

9

7

9

0

LR

1

7

2

0

7

1

2

0

0

1

0

1

0

0

0

RLt rap

LR. . t r i

RL

6

3

3

0

8

7 

2 

5 

0 

G 

2 

1 

5

8 

0

RL LR LRRL tritri t rap t rap

* *

S u b j .
S e c o n d  Group

LR RL

1 0 10

2 0 1

3 0 1

4 3 8

5 0 1

6 1 6

7 0 5

8 4 1

9 0 1

10 0 5

11 0 9

12 0 2

13 0 6

14 1 8

15 0 0

Source
1

Dr MS F

Ss 14 1 7 .5 0

C o n d i t io n 3 6 1 . 2 2 1 3 .4 3 * * *

Error 42 4 . 5 6
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O • E xp er im en t  12

L in es T r ia n g le s
A n a ly s i s  of V a r ia n c e

S u b je c t

LR RL LR RL Source  DF MS 1 F

1 9 2 5 2 Ss 19 1 6 .1 5

2 5 10 2 2 C o n d i t i o n  3 7 7 . 2 1  ; 1 5 .6 3 * * *

3 8 10 0 5 Error 57 4 . 9 4  |

4 9 10 4 8

5 4 7 0 0

6 0 9 2 9 Pa ired  C o m p a r i s o n s

7 5 7 1 6 RL.. LR.. RL . LR. . l ine  l in e  t r i  t r i
8 9 5 0 2 RL.. l in e

★ ★ ★ ★

9 4 2 1 7 LR.. l in e
*

10 1 9 ; 2
i

0 RL. . t r i
★

11 5 5 3 1

12 0 1 0 0

13 9 8 6 4

14 U 10 1 6

15 1 6 3 5

16 3 8 1 4

17 7 10 1 9

18 7 8 3 6

19 9 10 9 10

20 , 21
-i. ...

9 6 5
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R. E xper im ent  13

D e p th M otion

S u b je c t  C o m .  S ide F ix .  Line C o m .  Side F ix .  Line

LR RL LR RL LRLR RL RL

10

10

10

10

10

10

10

14 10

15 10

16

1017

10

20 10
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R. E xper im en t  13 (c o n t . )

A n a ly s i s  of V a r ia n ce :  D e p th

Source DF MS F

Ss 19 7 .7 8

C o n d i t i o n 3 1 0 2 .7 5 1 1 .6 5 * *

Error 57 8 .8 2

An a l y s i s  of V a r ia n ce :  M ot ion

Source DF MS F

Ss 19 2 1 .  03

C o n d i t io n 3 7 4 . 2 8 2 3 .4 5 * * *

Error 57 3 .  17

P a i r e d  C o m p a r i s o n s

RL

RL

LR

LRRL LRRLfl flc s cs

:i

;s

ti

Pa i red  C o m p a r i s o n s

RL,. RL LR,, LRfl c s  fl cs

RL.
fl

RL
cs

LR.
fl

**

* *
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