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ABSTRACT

Mnemonic f a c t o r s ,  such as p r im acy  and e n d - s e g r e g a t i o n  have been 
sugges ted  as im p o r t a n t  mechanisms in  the '  d e t e r m i n a t i o n . o f  response d i s ­
t r i b u t i o n s  when b i n a r y  p a t t e r n s  a re  t a c h i s t o s c o p i c a I  Iy f  lashed b e f o r e  
an Ŝ . The p r im a r y  purpose  o f  t h e  p r e s e n t  r e s e a rc h  i s  t o  a n a ly z e  t h e  end-  
s e g r e g a t i o n  e f f e c t —-the tenden cy  f o r  S_ t o  rep ro d u c e  more a c c u r a t e l y  
th o s e  e lem e n ts  wh ich  appear  in  t h e  more ex t rem e  p o s i t i o n s .  in Exp. I 
t h e  le n g th  o f  t h e  b i n a r y  p a t t e r n s  ( f r o m  4 t o  2 8 . e lem e n ts )  and t h e i r  o r d e r  
o f  p r e s e n t a t i o n  was m a n ip u la t e d .  I t  was p r e d i c t e d  t h a t  t h e r e  would be 
no e n d - s e g r e g a t i o n  f o r  t h e  s h o r t e s t  and lo n g e s t  p a t t e r n s ,  and t h a t  t h e r e  
would  be g r e a t e r  e n d - s e g r e g a t i o n  f o r  p a t t e r n s  o f  i n t e r m e d i a t e  l e n g t h .  
R e s u l t s  su p p o r te d  t h e  p r e d i c t i o n s  e x c e p t  t h a t  t h e  4 -e le m e n t  p a t t e r n  p r o ­
duced e n d - s e g r e g a t i o n . I t  was a l s o  expec ted  t h a t  t h e r e  would be fe w e r  
e r r o r s  on th o s e  p r e s e n t a t i o n s  in  wh ich  t h e  S_ knew th e  le n g th  o f  t h e  p a t ­
t e r n  b e f o r e  e x p o s u re .  The re  was no such e f f e c t  o f  knowledge o f  p a t t e r n  
l e n g t h ,  however .

Exp. I I  s t u d i e d  w h e th e r  o r  n o t  t h e  ex t rem e p o s i t i o n s  o f  e lem en ts  
in  t h e  p a t t e r n s  used in  Exp. I c o u ld  be reproduced  a c c u r a t e l y  when p r e ­
sen ted  w i t h o u t  t h e  i n t e r v e n i n g  e le m e n ts .  S ince  t h e y  c o u ld  be rep roduced  
a c c u r a t e l y ,  t h e y  were w i t h i n  t h e  range o f  e f f e c t i v e  v i s i o n .

Exp. I l l  was des igned  t o  i n v e s t i g a t e  an a p p a re n t  c o n f l i c t  in  t h e  
r e s u l t s  o f  Exp. I ,  wh ich  showed no e f f e c t s  o f  fovea  I f a c i l i t a t i o n  (_i_. e_., 
f e w e r  e r r o r s  f o r  th o s e  e lem en ts  a p p e a r in g  ab o u t  f i x a t i o n ) .  Such a phenome­
non has been noted in  much p r e v io u s  re s e a r c h .  P r e v io u s  s t u d i e s  used a 
c e n t e r  marke r  on t h e  response  t e m p l a t e ,  whereas no c e n t e r  m arke r  was used 
in  Exp. I .  Exp. I l l  employed t h e  2 8 -e le m e n t  p a t t e r n s  used in  Exp. I and 
a smaI I m arke r  wh ich  b i s e c t e d  t h e  p a t t e r n  on t h e  response t e m p la t e .  T h i s  
s t u d y  produced n e g a t i v e  f i n d i n g s ;  t h e  c e n t e r  m a rk e r  d id  n o t  have any appa­
r e n t  e f f e c t  on e r r o r  d i s t r i b u t i o n s .

Exps. IV and V were des igned  t o  t e s t  w h e th e r  o r  n o t  t h e  f a i l u r e  o f  
fovea  I f a c i l i t a t i o n  in  Exps.  I and I I I  was due t o  a masking o f  t h e  c e n t e r  
e lem e n ts  by t h e  f i x a t i o n  m a rk e r .  Both Exps. IV and V used a s m a I l e r  f i x a ­
t i o n  m a rke r  th a n  was used p r e v i o u s l y ,  u s ing  28 -  and 1 2 - e le m e n t  p a t t e r n s ,  
r e s p e c t i v e l y .  R e s u l t s  o f  bo th  Exps.  showed t h a t  fovea  I f a c i l i t a t i o n  d i d  
o c c u r  w i t h  t h e  sm a l l  f i x a t i o n  m a rk e r ,  s u g g e s t i n g  t h a t  v i s u a l  mask ing by 
t h e  la r q e  f i x a t i o n  c r o s s  had p re v e n te d  t h e  fovea  I f a c i l i t a t i o n  in  Exps. I 
and I I I .

F i n d in g s  o f  t h e  p r e s e n t  re s e a rc h  p r o v i d e  f u r t h e r  e v id e n c e  t h a t  mnemo­
n i c  as w e l l  as s e n s i t i v i t y  f a c t o r s  a r e  r e s p o n s ib l e  f o r  d i f f e r e n t i a l  accu ­
racy  in  t a c h i s t o s c o p i c  p a t t e r n  p e r c e p t i o n .  The phenomena o f  end -segnega ­
t i o n ,  p r im a c y ,  and fovea  I f a c i l i t a t i o n  were dem on s t ra te d  f o r  p a t t e r n s  o f  
d i f f e r e n t  l e n g t h s .
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INTRODUCTION

The p r e s e n t  resea rch  i n v e s t i g a t e s  some o f  t h e  more i n f l u e n t i a l  

component p rocesses  i n v o l v e d  in  t a c h i s t o s c o p i c  p a t t e r n  p e r c e p t i o n .

These i n c l u d e :  m o to r  f a c t o r s ,  l e f t - f i e l d  s u p e r i o r i t y ,  mnemonic f a c t o r s

and c e r t a i n  p r e d i s p o s i t i o n  o r  s e t  f a c t o r s .  The p r im a r y  i n t e r e s t  i s  an 

a n a l y s i s  o f  t h e  e n d - s e g r e g a t i o n  e f f e c t * — t h e  te n d e n c y  f o r  S_ to  r ep roduc e  

more a c c u r a t e l y  t h o s e  e lem en ts  wh ich appear  in  t h e  more ex t rem e  p o s i ­

t i o n s .  '

The p r e s e n t  s e r i e s  o f  e x p e r im e n ts ,  f o l l o w i n g  Camp and Harcum (1964) 

and Harcum ( 1 9 6 9 ) ,  employ b i n a r y  p a t t e r n s  c o n s i s t i n g  o f  rows o f  c i r c l e s ,  

some o f  wh ich a re  f i l l e d  so as t o  make them b l a c k  d o t s ,  and some o f  

wh ich  a re  u n f i l l e d ,  l e a v i n g  a b l a c k  r i n g  on a w h i t e  backg round .  The 

f o l l o w i n g  is  an example o f  a t w e l v e - e l e m e n t  b i n a r y  p a t t e r n :

•  •  0 C 0 0 •  0 0 •  0 •

Each s i n g l e  f i l l e d  o r  u n f i l l e d  c i r c l e  i s  a b i n a r y  e le m e n t .  When such a 

p a t t e r n  is.  ta ch  i s to s c o p  ic a  I ly  exposed,  t h e  S_f s t a s k  is  t o  p e r c e i v e  t h e  

p a t t e r n  o f  f i l l e d  o r  u n f i I  Ied c i r c I e s  and t o  re p roduc e  them on a r e s ­

ponse s h e e t .

H i s t o r i c a l  A n a l y s i s

When such b i n a r y  e lem en ts  o f  b lackened  and o u t l i n e d  c i r c l e s  a re  

p re s e n te d  t o  a s u b j e c t ,  i t  m ig h t  be ex pec ted  t h a t  t h e  e r r o r s  f o r  e l e ­

ments a t  v a r i o u s  r e t i n a l  p o s i t i o n s  would  con fo rm  t o  c o n v e n t i o n a l  g r a ­

d i e n t s  o f  v i s u a l  s e n s i t i v i t y .  As ’ Harcum ■(1966) n o te s ,  such r e t i n a l  sen ­

s i t i v i t y  g r a d i e n t s  would  show f e w e s t  e r r o r s  f o r  s t i m u l i  n e a r e s t  o c u l a r

2



f i x a t i o n  and m o n o t o n i c a f I y  i n c r e a s i n g  f u n c t i o n s  o f  e r r o r s  f o r  e lem en ts  

a t  g r e a t e r  e c c e n t r i c i t i e s .  However,  t h e  d i s t r i b u t i o n  o f  e r r o r s  among 

e lem en ts  u s u a l l y  does n o t  con fo rm  t o  t h e  e x p e c t a t i o n  o f  t h i s  c o n v e n t i o n a l  

g r a d i e n t ,  b u t  r a t h e r  i t  more c l o s e l y  a p p ro x im a te s  t h e  bowed s e r i a l - p o s i -  

t i o n  c u r v e  o f  e r r o r s  in  v e rb a l  l e a r n i n g  (Harcum, 1966) .  C l e a r l y ,  such 

e r r o r s  a r e  more f r e q u e n t  f o r  t h e  b i n a r y  e lem en ts  wh ich  appear  w i t h i n  t h e  

s p a t i a l  a r r a y  o f  s t i m u l i ,  even though t h e s e  e lem en ts  a re  c l o s e r  t o  ocu­

l a r  f i x a t i o n .  A l s o ,  Harcum notes  fe w e r  e r r o r s  in  t h e  r e p r o d u c t i o n  o f  

e lem en ts  n e a r e r  t h e  ends o f  t h e  a r r a y .

M o to r  F a c to r s

A l th o u g h  t h e  phenomenon o f  l e f t - f i e l d  s u p e r i o r i t y  has been w e l l  

s u b s t a n t i a t e d  ( M i s h k in  and Fo rgays ,  1952) ,  t h e r e  is  a l s o  some e v id e n c e  

f o r  a tendency  t o  more a c c u r a t e l y  p e r c e i v e  e lem e n ts  t o  t h e  r i g h t  o f  f i x ­

a t i o n  (D y e r  and Harcum, 1961) .  Heron (1957)  no tes  t h a t  w i t h  s i m u l t a n e ­

ous p r e s e n t a t i o n  ( s t i m u l i  on bo th  r i g h t  and l e f t  o f  f i x a t i o n )  o f ' l e t t e r - '  

g ro u p s ,  s i g n i f i c a n t  d i f f e r e n c e s  a r e  found show ing  b e t t e r  r e c o g n i t i o n  t o  

t h e  l e f t  o f  f i x a t i o n .  However,  w i t h  s u c c e s s i v e  p r e s e n t a t i o n  o f  l e t t e r  

g roups  ( e i t h e r  l e f t  o r  r i g h t  o f  f i x a t i o n )  s i g n i f i c a n t  d i f f e r e n c e s  a re  

found show ing b e t t e r  r e c o g n i t i o n  t o  t h e  r i g h t  o f  f i x a t i o n .

In an a t t e m p t  t o  e x p l a i n  t h i s  a p p a r e n t  c o n f l i c t  in  f i n d i n g s ,  Heron 

p o s t u l a t e s  a " p o s t - e x p o s u r a I  p r o c e s s " — a p rocess  o f  neu ra l  even ts  o c c u r -  

in g  a f t e r  r e t i n a l  s t i m u l a t i o n — and sug g e s ts  t h a t  t h i s  i s  a m o to r  compo­

nen t  o f  t h e  p e r c e p tu a l  p r o c e s s .  Heron b e l i e v e s  t h a t  t e n d e n c ie s  tow a rd  

eye movements ( o r  i m p l i c i t  eye movements) p e r s i s t  in t im e  a f t e r  t h e  s t i ­

mulus p r e s e n t a t i o n  has t e r m i n a t e d .  Camp (1961)  no tes  t h a t  th e s e  hypo­

t h e t i c a l  t e n d e n c ie s  para I l e i  t h e  two b a s i c  eye movements used in  r e a d in g  

E n g l i s h .  The f i r s t  o f  t h e s e  eye movements is  t h e  movement f rom r i g h t  t o
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l e f t  made w h i l e  s h i f t i n g  f i x a t i o n  tow a rd  t h e  b e g in n in g  o f  a I i n e  o f  

p r i n t .  The second i s  t h e  s a c c a d ic  I e f t - t o - r i g h t  movement made w h i l e  

r e a d in g  a l i n e  o f  p r i n t .  Thus ,  d i f f e r e n c e s  in  f i e l d  s u p e r i o r i t y  a re  

c o n t i n g e n t  upon t h e  amount o f  c o n f l i c t  wh ich  e x i s t s  between th e s e  two 

t e n d e n c ie s ,  as w e l l  as o t h e r  component f a c t o r s  (e .  c^., t y p e  o f  s t i m u l i  

p re s e n te d  and manner o f  p r e s e n t a t i o n ) .

In t h e  p e r c e p t i o n  o f  an equal  number o f  b i n a r y  e lem en ts  on each 

s i d e  o f  f i x a t i o n ,  t h i s  c o n f l i c t  in  t e n d e n c ie s  genera I Iy r e s u l t s  in  t h e  

l e f t  tendency  d o m in a t in g  f i r s t .  Such i s  t h e  case n o t  because t h i s  

l e f t - w a r d  movement is  an i n h e r e n t l y  dom inan t  t e n d e n c y ,  b u t  r a t h e r  be­

cause o f  c e r t a i n  h a b i t u a l  methods o f  p e r c e i v i n g  o rg a n iz e d  m a t e r i a l  

(Camp, 1961) .  Dyer  and Harcum (1960)  s u g g e s t  t h a t  such a tendency  t o  

s t a r t  a t  t h e  b e g in n in g ,  wh ich  i s  assumed t o  be t h e  l e f t  end ,  is  e s t a ­

b l i s h e d  in  p a r t  by t h e  re a d in g  h a b i t  and a l s o  by c e r t a i n  p h y s i o l o g i c a l  

q u a l i t i e s  such as c e r e b r a l  hem isphere  dominance o r  eye -dom inance  f a c t o r s .  

L e f t - F i e I d  S u p e r i o r i t y  .

Data s u g g e s t i n g  t h a t  o b j e c t s  p re s e n te d  t o  t h e  l e f t  o f  f i x a t i o n  a re  

g e n e r a l l y  more c l e a r l y  p e r c e i v e d  th a n  o b j e c t s  p res en ted  t o  t h e  r i g h t  

d a te  back t o  re s e a rc h  conduc ted  by D a l lenbach  ( 1 9 2 3 ) .  He r e p o r t e d  ap­

p r e c i a b l e  d i f f e r e n c e s  in  t h e  r e l a t i v e  v i v i d n e s s  o f  t e s t - p a t c h e s  p r e ­

s en ted  t o  t h e  l e f t  o f  f i x a t i o n  f o r  r i g h t - h a n d e d  s u b j e c t s .  D a l lenbach  

a t t r i b u t e d  such d i f f e r e n c e s  t o  t h e  handedness o r  dom inan t  c e r e b r a l  hemi­

s phe re  o f  t h e  s u b j e c t ,  such t h a t  s t i m u l i  p re s e n te d  t o  t h e  non -d om inan t  

hem isphe re  were  found t o  be m o r e a t t e n s e  ( c l e a r  t o  t h e  s e n s e s ) .  There  

i s  a r e l a t i v e l y  com prehens ive  body o f  res ea rc h  which r e p o r t s  t h e  pheno­

menon o f  l e f t - f i e l d  s u p e r i o r i t y  (e_. c [ . , Anderson ,  1946; Anderson and 

C r o s l a n d ,  1933).



5

Hebb ( 1 9 4 9 ) ,  Heron ( 1 9 5 7 ) ,  and Harcum ( 1957a, 1957b) have ta k e n  

s i m i l a r  t h e o r e t i c a l  p o s i t i o n s  in  a t t e m p t i n g  t o  e x p l a i n  t h i s  l e f t - s u ­

p e r i o r  phenomenon. Harcum and Dyer  (1962)  no te  t h a t  t h e  r e c o g n i t i o n  o f  

v i s u a l  s t i m u l i  depends upon t h e  f u n c t i o n a l  s u p e r i o r i t y  o f  t h e i r  p e rc e p ­

t u a l  o r g a n i z a t i o n .  They p o s tu I  a t e  t h a t  when v i s u a I  s t i m u I i  a r e  t o o  nu­

merous o r  complex  t o  be p e r c e i v e d  in  t h e i r  e n t i r e t y ,  t h e y  a r e  p e r c e i v e d  

v i a  some sequence o r  s c a n n in g  mechanism wh ich  beg ins  a t  some r e f e r e n c e  

p o i n t  and proceeds even though t h e  eyes a re  f i x e d .  T h i s  mechanism is  

t h o u g h t  t o  p ro c e e d ,  " i n  t h e  manner o f  e y e - f i x a t i o n s  i f  eye movements 

c o u ld  be made (Harcum and D ye r ,  1962, p. 5 7 ) . "  I t  i s  f u r t h e r  p o s t u l a t e d  

t h a t  t h o s e  e lem e n ts  cove red  f i r s t  by t h i s  mechanism w i l l  p roduce  fe w e r  

r e c o g n i t i o n  e r r o r s  in  r e p o r t .  Harcum and Dyer  (1962)  a I so no te  t h a t  

such a p r im acy  e f f e c t  i s  a ’’g en e ra l  b e h a v io r a l  a t t r i b u t e  and n o t  s p e c i -  

f i c a i l y  a mechanism o f  v i s u a l  p e r c e p t i o n  (p .  ' 5 7 ) . "  Indeed, Ebbinghaus 

(1902)  no ted  a p r im acy  e f f e c t  i n  t h e  r o t e  m e m o r i z a t i o n  o f  nonsense s y l ­

l a b le s  .

Such an e f f e c t  has been l i k e n e d  t o  a s c a n n in g  o f  t h e  eyes a c ro s s  a 

v i s u a l  s t i m u l u s  in  r e a d in g  (B ry d e n ,  1960; Heron ,  1957; T e r r a c e ,  1959) .  

The f a c t  t h a t  t h e  p r im acy  e f f e c t  i s  in  some way ana logous  t o  t h e  p rocess  

o f  r e a d in g  is  f u r t h e r  s u b s t a n t i a t e d  by C ro s la n d  (1931 ,  1939) ,  who has 

r e p e a t e d l y  found s u p e r i o r  pe r fo rm ance  f o r  l e t t e r  p o s i t i o n s  t o  t h e  l e f t  

o f  f i x a t i o n .  He has a l s o  no ted (1939)  t h a t  t h e  e f f e c t  i s  g r e a t e r  f o r  

s u p e r i o r  t h a n  f o r  i n f e r i o r  r e a d e rs .

Mnemon i c F a c to r s

The f u n c t i o n  t h a t  mnemonic o r g a n i z i n g  p rocesses  have in  t h e  p r im acy  

e f f e c t  has been i n v e s t i g a t e d  by Harcum (1964)  and Harcum and Skrzypek  

(1 9 6 5 ) .  These a u t h o r s  have shown t h a t  t h e  d i s c r i m i  n a b i I i t y  o f  b i n a r y



e le m e n t  p a t t e r n s  is  d e te rm in e d  by some o r g a n i z a t i o n a l  p rocess  o f  memory 

r a t h e r  t h a n  by v i s u a l  s e n s i t i v i t y  as such .  When e n u m e ra t in g  s e v e r a l  

common p rocesse s  wh ich seem t o  have a d i r e c t  r e l a t i o n s h i p  t o  t h e  memo­

r y ^  f u n c t i o n  i n  t h e  p r im ac y  e f f e c t ,  Harcum (1967a)  i n c l u d e d ,  under  t h e
«

r u b r i c  o f  i n f o r m a t i o n - t r a n s i a t i o n ,  " e le m e n t  d i s c r i m i n a t i o n ,  s e l e c t i v e  

a n a l y s i s  o f  p e r s i s t i n g  t r a c e s ,  and t h e  o r g a n i z a t i o n  o f  i n f o r m a t i o n  f o r  

s t o r a g e  in  memory (p .  5 1 ) . "

To be s u r e ,  t h e  q u e s t i o n  c o n c e r n in g  what  happens d u r i n g  t h e  i n t e r ­

v e n in g  s t a g e  when i n f o r m a t i o n  i s  b e in g  t r a n s fo r m e d  f rom i n p u t  t o  o u t p u t  

is  c l e a r l y  r e l e v a n t  t o  o u r  u n d e r s ta n d in g  o f  t h i s  p r im acy  e f f e c t .  Some 

t h e o r e t i c a l  s u g g e s t i o n s  have been o f f e r e d  by Bryden ( 1 9 6 7 ) ,  Harcum 

( 1967a) ,  Heron ( 1 9 5 7 ) ,  and Lash Iey (1951)  as t o  how t h i s  s e r i a l  o r g a n i ­

z a t i o n  o f  i n f o r m a t i o n  may be c o n c e p t u a l i z e d .

W h i te  ( 1 9 7 0 b ) ,  in  an a t t e m p t  t o  a n a ly z e  d e t e r m in a n t s  o f  e le m e n t  

span e r r o r s , has o u t  I i n e d  t h e  p rocesses  i n v o l v e d  when s t i m u l i  a r e  

b r i e f l y  p re s e n te d  ab o u t  a r e f e r e n c e  p o i n t .  When b i n a r y  e lem e n t  p a t t e r n s  

a r e  exposed ,  t h e r e  a r e  r e t i n a l  t r a c e s  e s t a b I i s h e d  w i t h  v a r y i n g  degrees  

o f  s t r e n g t h .  An S_ can o n l y  c o r r e c t l y  r e p o r t  on a l i m i t e d  number o f  b i ­

na ry  e le m e n t s .  T h i s  number d e f i n e s  t h e  "span  o f  immedia te  memory (S p e r ­

l i n g ,  1 9 6 0 ) . "  S p e r l i n g  no tes  t h a t  o b s e rv e rs  commonly a s s e r t  t h e y  can 

see more t h a n  t h e y  can r e p o r t .  Thus ,  he s u g g e s ts  t h a t  t h e  memory s e ts  

a l i m i t  on a p rocess  t h a t  is  o t h e r w i s e  r i c h  in  a v a i l a b l e  i n f o r m a t i o n .

A r e a s o n a b le  assum pt ion  is  t h a t  t h e  n e a re r  t h e  b i n a r y  e lem e n t  p o s i ­

t i o n s  a r e  t o  a f i x a t i o n  p o i n t ,  t h e  s t r o n g e r  t h e  r e t i n a l  t r a c e s  w i l l  be. 

However,  t h e r e  i s  a l s o  a good d e a l . o f  e v id e n c e  (Harcum, 1966; W h i te ,  

1970b) t h a t  s t i m u l u s  e lem en ts  a t  t h e  ends o f  a l i n e  p a t t e r n  w i l I  e s t a -  

b l i s h  b e t t e r  r e t i n a l  t r a c e s  than  s t i m u l i  a d j a c e n t  t o  end p o s i t i o n s  and



t o  f i x a t i o n a l  o r  fovea  I p o s i t i o n s ,  t h a t  i s ,  t h o s e  n e a re r  t h e  p o i n t  o f  

f i x a t i o n .  The reason f o r  t h i s  may be t h a t  b i n a r y  e lem en ts  in i n t e r m e d i ­

a t e  p o s i t i o n s  a re  s p a t i a l l y  masked in  t h e  v i s u a l  i n p u t  s t a g e  by "e n d -  

s e g r e g a te d ”  and " f o v e a I  l y - c e n t e r e d  s t i m u l i  ( W h i te ,  1 9 7 0 b ) . "  A l th ough  

t h e  locus  o f  t h i s  masking e f f e c t  i s  n o t  y e t  c e r t a i n ,  S p e r l i n g  (1963,  

1967) and W e i s s t e i n  (1966)  f a v o r  t h e  c e n t r a l  s t o r a g e  s t a g e .

S e q u e n t i a l  S c a n n in g . When i n f o r m a t i o n  o f  t h e  b i n a r y  p a t t e r n  is  

e s t a b l i s h e d  in  t h e  memory t r a c e s ,  i t  i s  im m e d ia te ly  t r a n s m i t t e d  t o  a 

s h o r t - t e r m  v i s u a l  s t o r a g e  where a s e q u e n t i a l  s c a n n in g  mechanism o p e r ­

a te s  on i t .  Such a mechanism o p e r a te s  a c c o r d i n g  t o  c e r t a i n  h a b i t s  ac ­

q u i r e d  d u r i n g  r e a d i n g .  Harcum (1966)  r e f e r s  t o  t h e  n e t  e f f e c t  o f  t h e s e  

h a b i t s  as t h e  " r "  f a c t o r  wh ich  in c lu d e s  c e r t a i n  "components  o f  i n t e r ­

e le m e n t  i n t e r f e r e n c e  o r  I o c a t i o n - c o n f u s a b i  I i t y  o f  e l e m e n ts ,  as w e l l  as 

p r im acy  and recency  mechanisms in  s e l e c t i v e  a t t e n t i o n  (p .  6 8 1 ) . "

Wh i te  (1970b)  s u g g e s ts  t h a t  s e q u e n t i a l  o r  s e r i a l  a n a l y s i s  o f  t h e  

b r i e f  memory t r a c e s  i s  i n d i c a t e d  by t h e  f a c t  t h a t  o v e r t  r e p o r t i n g  is  

a s e r i a l  and n o t  a p a r a l l e l  p r o c e s s .  G la n z e r  (1966)  r e p o r t s  t h a t  an i n ­

c re a s e  in  v e r b a l i z a t i o n  le n g th  r e s u l t s  in  a more t i l t e d  o r  skewed s e r i a l  

p o s i t i o n  c u rv e  and t h a t  a s i m i l a r  e f f e c t  i s  produced by t h e  r e d u c t i o n  o f  

exposu re  t i m e .  These e f f e c t s  r e q u i r e  some amount o f  t im e ,  i n d i c a t i n g  

t h a t  encodi  ng o f  t h e  i np u t  o c c u rs  s e q u e n t ia  I I y . Harcum (1967a)  no tes  

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

ments w i t h i n  t a c h i s t o s c o p i c  p a t t e r n s  t o  t h e  s e r i a l  p o s i t i o n  c u rv e  o f  

e r r o r s  in ' r o t e  l e a r n i n g  and a l s o  im p l i e s  t h a t  "each o b s e r v a t i o n  in  p e r ­

c e p t i o n  is  a m i n i a t u r e  t a s k  in  s e r i a l  l e a r n i n g  (p .  5 1 ) . "  Thus,  t h e  

s i m i l a r  p rocesses  i n v o l v e d  in  t h e  p e r c e p t i o n  o f  b i n a r y  p a t t e r n s  and 

t h o s e  i n v o l v e d  in  s e r i a l  l e a r n i n g  a r e  a p p a r e n t .



D u r in g  t h e  s e q u e n t i a l  s c a n n in g  p rocess  o f  t h e  s t o r e d  i n f o r m a t i o n ,  

t h e  memory t r a c e s  a re  r a p i d l y  f a d i n g ,  and by t h e  t im e  t h e  scan reaches 

some o f  t h e  t r a c e s  th e y  w i I  I have faded be low t h r e s h o l d  b e f o r e  b e in g  

r e p o r t e d .  Thus ,  s t i m u l i  a p p e a r in g  a t  t h e  ends o f  a l i n e  and in  f o v e a l l y  

p r o x im a t e  p o s i t i o n s  w i l l  e s t a b l i s h  s t r o n g e r  memory t r a c e s  th a n  s t i m u l i  

shown i n  i n t e r m e d i a t e  p o s i t i o n s  ( W h i t e ,  1970b).  Indeed,  Hershenson 

(1969)  r e p o r t s  r e s u l t s  wh ich  c o r r o b o r a t e  th e s e  p r e d i c t i o n s .  The re  i s  a 

good dea l  o f  e v id e n c e  s u p p o r t i n g  t h e  f a c t  t h a t  s t i m u l u s  e lem en ts  r e p o r ­

t e d  f i r s t  p roduce  l e a s t  e r r o r s  and t h o s e  r e p o r t e d  l a t e ,  most  e r r o r s  

( A y r e s ,  1966; W h i t e ,  1970a) .

S p e r l i n g  (1960)  has shown t h a t  a t  t h e  t im e  o f  s t i m u l u s  e x p o s u re ,  

and f o r  a few t e n t h s  o f  a second t h e r e a f t e r ,  o b s e rv e rs  have two o r  t h r e e  

t im e s  as much i n f o r m a t i o n  a v a i l a b l e  as th e y  can l a t e r  r e p o r t .  Such i n ­

f o r m a t i o n  fades  v e ry  r a p i d l y ,  and w i t h i n  one second a f t e r  t h e  p r e s e n ta ­

t i o n  t h e  memory t r a c e s  no lo n g e r  exceed t h e  memory span .

E nd -S egreqa t?on  F a c t o r . Woodworth (1938) s ugg es ts  t h a t  t h e  i n c r e a s e  

in  e r r o r s  f o r  c e n t r a l l y  l o c a te d  e lem en ts  may be due t o  a s p a t i a l  "mask­

i n g , "  in  wh ich  t h e  o u t l i n e s  o f  a I I e lem en ts  m u t u a l l y  i n h i b i t  one a n o t h e r ,  

and b i n a r y  e I e m e n t s - n e a r e r  t o  t h e  end o f  t h e  p a t t e r n  a r e  p r o g r e s s i v e I y  

le s s  i n h i b i t e d .  Woodworth and S c h Io s b e rg  (1958)  n o te  t h a t  t h i s  e f f e c t  

may be a t t r i b u t e d  t o  a loss  in  e le m e n t  c o n t r a s t  w i t h  t h e  background  f o r  

t h e  embedded e le m e n ts .  On t h e  o t h e r  hand, Woodworth and S c h lo s b e rg  

(1954)  do bel  ie v e  t h a t  t h e r e  is  some k in d  o f  a c o n t r a s t  e f f e c t  O p e r a t i n g  

wh ich ac c ou n ts  f o r  t h e  f a c t  t h a t  t h e  ends o f  a homogeneous t a r g e t  a r e  

o r d i n a r i l y  t h e  most  i d e n t i f i a b l e .  HarcQm (1957a)  r e f e r r e d  t o  t h e  supe­

r i o r  p e r fo rm an c e  f o r  t h e  end e lem en ts  in  p a t t e r n  p e r c e p t i o n  as an "e n d -  

s e g r e g a t i o n  e f f e c t " — s u g g e s t i n g  t h a t  " t h e  e lemen ts  were more s a l i e n t
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p e r c e p t u a l l y  because o f  t h e i r  un ique  r e l a t i v e  s p a t i a l  p o s i t i o n s  (Harcum, 

1966, p . ' . 689 . ) . "  Because t h e s e  e n d -s e g re g a te d  e lem e n ts  have t h e  most 

d i f f e r e n t i a t e d  p o s i t i o n s ,  t h e y  have a c l e a r  adv an tage  f o r  s t o r a g e  in  t h e  

memory sys tem  o v e r  b i n a r y  e le m e n ts  embedded w i t h i n  t h e  c o n g lo m e r a t i o n .  

Thus ,  i t  i s  t h e s e  e n d -s e g re g a te d  e lem en ts  wh ich  b e n e f i t  most  by th e  

ab o v e -m e n t io n e d  p r im acy  e f f e c t ,  wh ich  i n s u r e s  t h a t  t h e i r  s w i f t l y  f a d in g  

memory t r a c e s  w i I  I exceed t h e  t h r e s h o l d  f o r  r e c o l  l e c t i o n ,  whereas more 

embedded e lem en ts  w i l l  p r o b a b l y  n o t  exceed t h i s  t h r e s h o l d .

In some e a r l y  s t u d i e s ,  Harcum and Rabe (1958)  sugg es te d  t h a t  as t h e  

le n g th  o f  t h e  b i n a r y  p a t t e r n  i s  in c r e a s e d ,  t h e r e  s h o u ld  be a g r e a t e r  

p r im acy  e f f e c t  - f a v o r i n g  t h e  l e f t  because o f  t h e  g r e a t e r  need f o r  s e l e c ­

t i v e  a t t e n t i o n .  They a rgued  t h a t  i f  t h e  t a r g e t  i s  t o o  long f o r  t h e  o b ­

s e r v e r  t o  d i f f e r e n t i a t e  t h e  e lements  a t  t h e  ex t rem e  l e f t ,  t h e  tendency  

f o r  I e f t - t o - r i g h t  s c a n n in g  shou Id  be reduced .  C l e a r l y ,  w i t h  v e r y  s h o r t  

p a t t e r n s ,  a s e l e c t i v e  p e r c e p tu a l  p rocess  s h o u ld  n o t  be necessa ry  (H a r ­

cum, 1964) .  T i n k e r  (1929)  r e p o r t s  e v id e n c e  t h a t  " r e s p o n s e s  a re  more 

u n i f o r m l y  c o r r e c t  w i t h  s h o r t e r  s e r i e s  ( p .  2 2 7 ) . ”  Thus ,  Harcum (1964)  

reasoned t h a t ,  w i t h i n  l i m i t s ,  t a r g e t  le n g th  s h o u ld  be a v a r i a b l e  a f f e c t ­

in g  I e f t - r i g h t  d i f f e r e n c e s  in  p e r c e p tu a l  a c c u r a c y .

In a t t e m p t i n g  t o  t e s t  t h e  h y p o th e s i s  t h a t  p e r c e p tu a l  acc u ra c y  f o r  

t a c h i s t o s c o p i c  p a t t e r n s  is  d e te rm in e d  by p rocesses  o f  mnemonic o r g a n i z a ­

t i o n ,  r a t h e r  th a n  by r e t i n a l  s e n s i t i v i t y  f o r  t h e  i n d i v i d u a l  e le m e n ts ,  

Harcum (1964)  v a r i e d  t h e  p a t t e r n  le n g th s  a n d / o r  numbers o f  b i n a r y  e l e ­

ments a p p e a r in g  a t  each e x p o s u re .  B i n a r y  p a t t e r n s  h a v in g  bo th  more 

(_i_. e_., 17) and fe w e r  (_[_. e_., 5)  e lem en ts  th a n  p r e v io u s  s t u d i e s  (Harcum, 

1958a, 1958b, 1958c) were used in  t h i s  s t u d y .  Harcum’ s p r e d i c t i o n  was 

t h a t  w i t h  t h e  17 -e lem en t  t a r g e t s  t h e  o b s e r v e r  wou ld  be unab le  t o



d i f f e r e n t i a t e  e lem en ts  on t h e  ex t rem e  l e f t  and th u s  be una b le  t o  a t t e n d  

s e l e c t i v e l y  t o  them. These t a r g e t s  were " t o  p r o v i d e  a k in d  o f  c o n t r o l  

c o n d i t i o n  in  wh ich  t h e  d a ta  have t h e  b e s t  chance t o  a p p ro x im a te  a con­

v e n t i o n a l  s e n s i t i v i t y  f u n c t i o n ,  because o f  reduced e f f e c t s  o f  t h e  l e f t -  

t o - r i g h t  s c a n n in g  p rocess  (Harcum, 1964, p.  3 5 2 ) . "  Harcum d id  n o t  ex­

p e c t  g r a d i e n t s  o f  e r r o r s  w i t h  t h e  5 -e le m e n t  t a r g e t s  because s e l e c t i v e  

a t t e n t i o n  s h o u ld  have been u n n e c e s s a ry .

A l th o u g h  Harcum’ s (1964)  r e s u l t s  s u p p o r te d  h i s  i n i t i a l  h y p o t h e s i s  

( t h a t  p e r c e p tu a l  a c c u ra c y  f o r  t a c h i s t o s c o p i c  p a t t e r n s  i s  d e te rm in e d  by 

p rocesse s  o f  mnemonic o r g a n i z a t i o n ,  r a t h e r  than  by v i s u a l  s e n s i t i v i t y ) ,  

t h e  17 -e lem en t  t a r g e t s  d i d  n o t  e x h i b i t  t h e  p r e d i c t e d  min ima o f  e r r o r s  

n e a r  f i x a t i o n ,  w i t h  e q u a l i t y  o f  e r r o r s  t o  t h e  l e f t  and r i g h t .  S in c e  

fe w e r  e r r o r s  were e x h i b i t e d  f o r  t h e  f i r s t  s e v e r a l  e lem en ts  on t h e  f e f t ,  

Harcum c o n c lu d e d  t h a t  t h e  s u b j e c t s  a p p a r e n t l y  were a b le  t o  d i f f e r e n t i a t e  

and a t t e n d  s e l e c t i v e l y  t o  t h o s e  e le m e n ts .

In l i g h t  o f  Harcum1s (1964)  f a i l u r e  t o  e l i m i n a t e  t h e  e n d - t o - e n d  

s c a n n in g  w i t h  a 17 -e lem en t  s t i m u l u s  p a t t e r n ,  a n o th e r  e x p e r im e n t  (Harcum, 

1969) was d e s ig n e d ,  u t i l i z i n g  28 e le m e n t  p o s i t i o n s .  The i n t e n t  o f  t h i s  

e x p e r im e n t  was " t o  p r e v e n t  t h e  usua l  c o n s i s t e n t  d i r e c t i o n a l  s c a n n in g  o f  

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

(Harcum, 1969, p .  5 0 4 ) . "  As p r e d i c t e d ,  Harcum 's  (1969) r e s u l t s  demon­

s t r a t e d  s y m m e t r i c a l  e r r o r  d i s t r i b u t i o n s  f o r  each v i e w i n g  c o n d i t i o n ,  

w i t h  a min ima o f  e r r o r s  nea r  f i x a t i o n .  These d a ta  were g r o s s l y  d i f f e r ­

e n t  f rom  t h e  usua l  shape o f  t h e  e r r o r  d i s t r i b u t i o n ,  and t h e y  s u p p o r te d  

Harcum’ s h y p o t h e s i s .

Pred i spos i t  ion  F a c to r s

The re  i s  a good amount o f  e v id e n c e  wh ich  s u g g e s ts  t h a t  a " p r e ­



exposu re  s e t "  may i n f l u e n c e  p e r c e p tu a l  ac c u rac y  (e_. cj_. Camp and Harcum, 

1964; Haber ,  1966; W h i t e ,  1969).

Camp and Harcum (1964)  found  t h a t  when t h e  s p e c i f i c  o r i e n t a t i o n  

r e l a t i v e  t o  f i x a t i o n  was unknown t o  an o b s e r v e r  b e f o r e  s t i m u l u s  expo­

s u r e ,  t h e  usua l  te n d e n c y  f o r  g r e a t e r  ac c u rac y  f o r  e lements  a t  t h e  l e f t  

c o u ld  be overcome.  T h i s  was acc o m p l is h e d  when more th a n  h a l f  o f  t h e  

e lem e n ts  had appeared  t o  t h e  l e f t  o f  t h e  f i x a t i o n  p o i n t .  Camp and H a r ­

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

m o to r  h a b i t s  d i s c u s s e d  by Heron (1957)  do have some k in d  o f  p r im acy  

o v e r  o t h e r  mechanisms in  t h i s  k in d  o f  t a s k .  I f  such mechanisms p rove  

t o  be e f f i c i e n t  f o r  a g i v e n  s i t u a t i o n ,  t h e y  r e t a i n  t h e i r  dominance.

Camp and Harcum c o n c lu d e  t h a t  t h e  fo rm  o f  t h e  response  r e c o r d i n g  a f f e c ­

t e d  t h e  r e s u l t s .  C l e a r l y ,  a s u b j e c t  b r i n g s  a r e s p o n s e - s e t  t o  t h e  ex ­

p e r im e n t ,  wh ich  p r e d i s p o s e s  him t o  respond p e r c e p t u a l l y  in  a f i x e d  man-, 

n e r .  I f  such a p r e d i s p o s i t i o n  i s  n o t  a p p r o p r i a t e  f o r  t h e  p a r t i c u l a r  

s i t u a t i o n ,  a p r e v i o u s l y  s u b o r d i n a t e  p e r c e p tu a l  response  emerges t o  

dom in a te  t h e  b e h a v io r  (Camp and Harcum, 1964) .

In an e x p e r im e n t  in  wh ich  th e y  m a n ip u la te d  p r e -  v s .  pos t -know  I edge 

o f  r e q u i r e d  r e p r o d u c t i o n  sequences f o r  b i n a r y  p a t t e r n s , Harcum, Har tman,  

and Smith  (1963)  c o n c lu d e d  t h a t  t h e  e f f e c t s  o f  re s p o n d in g  sequence a lo n e  

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

f a c t o r  a p p a r e n t l y  c o r re s p o n d s  t o  a s e q u e n t i a l  a n a l y s i s  o f  t h e  memory 

t r a c e s  o f  t h e  e x p o s u re .  They s u g g e s t  t h a t  " t h i s  p e r c e p tu a l  p rocess  can 

be i n f l u e n c e d  by t h e  s e t  o f  t h e  o b s e r v e r  t o  mark h i s  responses  in  a p a r ­

t i c u l a r  sequence (p .  2 7 1 ) . "

Harcum ( 1 9 6 5 ) ,  in  an e x p e r im e n t  which t e s t e d  t h e  h y p o th e s i s  t h a t  

p r i o r  know ledge o f  i s o l a t i o n  i s  c r i t i c a l  f o r  an i s o l a t i o n  e f f e c t  in



p e r c e p t i o n ,  found t h a t  o n l y  t h o s e  s u b j e c t s  who knew, b e f o r e  e x po s u re ,  

t h a t  a s p e c i f i c  e le m e n t  wou ld  be i s o l a t e d  d em on s t ra te d  an " i s o l a t i o n -  

e f f e c t "  in  te rm s  o f  f e w e r  e r r o r s . .  Harcum sugg es te d  t h a t  t h e  e f f e c t  was 

a t t r i b u t a b l e  t o  a s e l e c t i v e  d i s t r i b u t i o n  o f  a t t e n t i o n  among s t i m u l u s  

e le m e n ts .  More r e c e n t l y ,  Harcum (1968)  has a rgued  t h a t  d i f f e r e n t  e r r o r  

d i s t r i b u t i o n s  a r e  g e n e r a l l y  caused by d i f f e r e n t  p e r c e p tu a l  s t r a t e g i e s ,  

wh ich  a r e  u s u a l l y  e s t a b l i s h e d  by s u b j e c t s  p r i o r  t o  s t i m u l u s  expo su re .



EXPERIMENT I 

Purpose o f  t h e  S tudy

The p r e s e n t  e x p e r im e n t  has two p u rpo s es .  The f i r s t  i s  t o  sys tem a­

t i c a l  ly  i n v e s t i g a t e  t h e  " e n d - s e g r e g a t i o n  e f f e c t , " . i n  wh ich  end e lem en ts  

a r e  p e r c e i v e d  more a c c u r a t e l y  due t o  t h e i r  r e l a t i v e l y  un ique  p o s i t i o n s .  

An a t t e m p t  w i l l  be made t o  e s t a b l i s h  upper  and lo w er  t h r e s h o l d s  f o r  

t h i s  mechanism. I t  i s  e v i d e n t  (Harcum, 1969) t h a t  t h e  mechanism i s  n o t  

o p e r a t i v e  when an o b s e r v e r  is  p re s e n te d  w i t h  a 2 8 -e le m e n t  s t i m u l u s  ex ­

posu re  and t h a t  i t  i s  b a re  I y o p e r a t i  ve w i t h  17 -e lem en t  exposures  (H a r ­

cum, 1964) .  The p r im a r y  q u e s t i o n s  t h a t  t h e  p r e s e n t  s t u d y  w i l l  add ress  

i t s e l f  t o  a r e ,  " a t  w h a t  p o i n t  does t h e  e n d - s e g r e g a t i o n  e f f e c t  become 

f u n c t i o n a l ? "  and " a t  w h a t  p o i n t  does i t  no lo n g e r  seem t o  be u s e f u l ? "

In l i g h t  o f  t h e  e v i d e n c e  c i t e d  above,  i t  was expe c ted  t h a t  p a t t e r n  

le n g th s  o f  1 2 , 16, and perhaps 2 0  e lem en ts  wou ld  be most  s u s c e p t i b l e  t o  

an e n d - s e g r e g a t i o n  e f f e c t .  T h a t  i s ,  i t  was expe c ted  t h a t  t h e s e  p a t t e r n  

le n g th s  wou ld  have fe w e r  e r r o r s  f o r  t h e  ex t re m e  p o s i t i o n s .  However,  i t  

was n o t  expe c ted  t h a t  a 4 - e le m e n t  p a t t e r n  would  be as s u s c e p t i b l e  t o  

such a mechanism due t o  the '  s imp I i c i + y - o f  t h e  p a t t e r n .  On t h e  o t h e r  

hand,  i t  was p r e d i c t e d  t h a t  t h e  2 8 -e le m e n t  p a t t e r n ,  due t o  i t s  com plex ­

i t y ,  wou ld  produce  no e n d - s e g r e g a t i o n ,  th u s  r e p l i c a t i n g  Harcum’ s (1969)  

f  i nd i n g s .

A l th o u g h  i t  was e x pe c ted  t h a t  t h e r e  wou ld  be an o v e r a I  I i n c re a s e  

in  c o r r e c t  r e s p o n d in g  a b o u t  f i x a t i o n ,  t h i s  fovea  I f a c i l i t a t i o n  was 

ex p e c te d  t o  be more emphasized in  t h e  l o n g e r  p a t t e r n  le n g th s  (j_. e_. , 2 0
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and 28 e l e m e n t s ) .  Such a p r e d i c t i o n  was made in  b e l i e f  t h a t  t h e s e  

l e n g th s  wou ld  be so complex  t h a t  t h e  S_s would  p r o b a b l y  respond p r i m a r i ­

ly  o n l y  on fov ea  M y  l o c a te d  s t i m u l i .

The second purpose  o f  t h i s  e x p e r im e n t  i s  t o  i n v e s t i g a t e  t h e  e f f e c t s  

a p r e d i s p o s i t i o n  o r  s e t  may have on t h e  e n d - s e g r e g a t i o n  phenomenon. In 

o r d e r  t o  s t u d y  t h e  e f f e c t s  o f  S_’ s p r e d i s p o s i t i o n  t o  respond t o  a g i v e n  

p a t t e r n  l e n g t h ,  b i n a r y  p a t t e r n s  were  p re s e n te d  a c c o r d i n g  t o  a m o d i f i e d  

method o f  I i m i t s  ( s e q u e n t i a I  p r e s e n t a t i o n )  as we l l  as a method o f  con­

s t a n t  s t i m u l i  ( random p r e s e n t a t i o n ) .  Thus ,  i t  was expe c ted  t h a t  t h o s e  

S_s p re s e n te d  w i t h  expo su res  v i a  a m o d i f i e d  method o f  l i m i t s  would have 

fe w e r  e r r o r s  due t o  t h e  f a c t  t h a t  t h e y  s h o u ld  be a p p ro a c h in g  t h e  e x p e r i ­

ment w i t h  some p r e d i s p o s i t i o n .  T h a t  i s ,  t h e y  wou ld  know how many e l e ­

ments t o  e x p e c t  on s u c c e e d in g  t r i a l s ;  whereas Ss in  t h e  random p re s e n ­

t a t i o n  c o n d i t i o n  w ou ld  n o t  have such i n f o r m a t i o n  w i t h  wh ich  t o  approach 

t h e i r  t a s k .  Such r e s u l t s  a r e  p r e d i c t e d  on t h e  b a s i s  o f  p r e v io u s  e v id e n c e  

p re s e n te d  f o r  t h e  e f f e c t  o f  p r e - e x p o s u ra I  s e t  on p e r c e p tu a l  a c c u ra c y  

(e .  g_., Camp and Harcum, 1964; W h i t e ,  1969) .  P r e d i c t e d  r e s u l t s  would 

c o r r o b o r a t e  Harcum and F r ie d m a n ’ s (1963)  f i n d i n g s  t h a t  o r d e r l y  sequen­

t i a l  p r e s e n t a t i o n  o f  b i n a r y  e lem en ts  produces  s u p e r i o r  p e r fo rm an ce  f o r  

i n d i v i d u a l  Ss when t h e  sequence proceeded f rom t h e  end d e m o n s t r a t i n g  

more e r r o r s  in  t h e  c o n t r o l , random p r e s e n t a t i o n  c o n d i t i o n .

A n o th e r  p r e d i c t i o n  was t h a t  t h e r e  wou ld  be fe w e r  e r r o r s  in  t h e  d i -
■m-*

r e c t i  on t o w a rd  wh ich  S_s’ eyes i n i t i a l l y  moved a f t e r  t h e  e x p o s u re .  I t  

was e x p e c te d  t h a t  such movement wou ld  g e n e r a l l y  be t o  t h e  l e f t  o f  f i x a ­

t i o n .  Bryden (1960 ,  1961) and C r o v i t z  and Daves (1962)  r e p o r t  da ta  

wh ich  s u p p o r te d  such p r e d i c t i o n s  and wh ich  a r e  c l e a r l y  c o n s i s t e n t  w i t h  

t h e  t h e o r e t i c a l  p o s i t i o n  o u t l i n e d  above.  C o n s id e r i n g  e v id e n c e  p re s e n te d
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by Ayres (1966)  and W h i te  ( 1 9 7 0 a ) ,  i t  was a l s o  e x p e c te d  t h a t  f ew e r  

e r r o r s  w ou ld  o c c u r  among t h o s e  e lem e n ts  wh ich  were r e p o r t e d  f i r s t  in  

t h e  response  sequence.

A u n iq u e  c o n t r i b u t i o n  o f  t h e  p r e s e n t  s t u d y  i s  t h a t  i t  employs p a t ­

t e r n  le n g th  as a m a jo r  v a r i a b l e  w h ich  w i l l  be s y s t e m a t i c a l l y  p re s e n te d  

t o  each o f  t h e  Ss. Thus ,  t h e  above -m en t ioned  mechanisms w i l l  be i n v e s ­

t i g a t e d  as f a c t o r s  d e t e r m i n i n g  d i f f e r e n t  response  d i s t r i b u t i o n s .

Method

S u b je c ts

The Ss were  t h r e e ,  r i g h t - h a n d e d ,  e x p e r i m e n t a l l y  n a i v e  women under ­

g ra d u a te  s t u d e n t s  o f  The C o l l e g e  o f  W i I I i am and Mary . Each S_ was pa i d 

f o r  h e r  s e r v i c e s  and each had 20-20 v i s i o n  o r  b e t t e r .  Handedness and 

v i s u a l  c a p a c i t y  were d e te rm in e d  by s e l f - r e p o r t .

A p pa ra tus

A m o d i f i e d  H a r v a r d - t y p e  t a c h i s t o s c o p e  was used in  t h i s  e x p e r im e n t  

(Camp, 1961) .  Two f o u r - w a t t  f l u o r e s c e n t  t ubes  i l l u m i n a t e d  t h e  p r e - e x ­

posu re  f i e l d  a t  a p p ro x im a te ly -  2 f t - L .  A s m a l l  " x , "  c o n s i s t i n g  o f  two 

.5 mm. l i n e s  lo c a te d  in  t h e  c e n t e r  o f  t h i s  f i e l d ,  se rved  as t h e  f i x a t i o n  

p o i n t .  Four  f o u r - w a t t  f l u o r e s c e n t  t u b e s  i l l u m i n a t e d  t h e  e x po su re  f i e l d  

a t  a p p r o x im a t e l y  1.5 f t - L .  The b i n a r y  p a t t e r n s  were h o r i z o n t a l l y  l o c a ­

t e d  in t h i s  f i e l d ;  t h e  c e n t e r  o f  t h e  p a t t e r n  was a t  t h e  same v e r t i c a l  

h e i g h t  as t h e  f i x a t i o n  p o i n t .  Exposure t im e  was c o n t r o l l e d  by a L a f a y ­

e t t e  12-MC e l e c t r o n i c  i n t e r v a l  t i m e r ,  wh ich  was s e t  t o  y i e l d  an exposure  

d u r a t i o n  o f  a p p r o x im a t e l y  150 msec, f o r  t h e  s t i m u l i .

The b i n a r y  p a t t e r n s  were c o n s t r u c t e d  by t y p e w r i t i n g  a h o r i z o n t a l  

row o f  ze ros  on w h i t e  s t i m u l u s  c a rd s  and f i l l i n g  i n v a r i o u s  ze ros  w i t h  

b l a c k  I n d ia  i n k .  Each e le m e n t  was 13.2  i n .  t h r o u g h  t h e  h o r i z o n t a l



d i a m e t e r ,  w i t h  spaces between e lem en ts  s u b t e n d in g  17.6  in .  T o t a l  

l e n g t h s  o f  p a t t e r n s  sub tended  f rom  1 .9 °  f o r  t h e  4 - e le m e n t  p a t t e r n  t o  

1 3 .4 °  f o r  t h e  2 8 - e le m e n t  p a t t e r n .  The re  were  e i t h e r  4 ,  12, 16, 20, o r  

28 b la c k e n e d  o r  open b i n a r y  e lem e n ts  a r ra n g e d  t o  p roduce  d i f f e r e n t  s t i ­

mulus p a t t e r n s .  H a l f  o f  t h e  g i v e n  number o f  e lem en ts  wh ich  appeared on 

any one expo su re  appeared on each s i d e  o f  f i x a t i o n ,  w i t h  each e lem e n t  

p o s i t i o n  b Iackene d  . e q u a l l y  o f t e n  and w i t h  ha I f  o f  t h e  e lem en ts  b lackene d  

on each s i d e  o f  f i x a t i o n  in  each e x po s u re .  The b i n a r y  p a t t e r n s  used a re  

r ep roduc e d  i n  A p p e n d ix  A.

P rocedu re

The g e n e ra l  p ro c e d u re s  f o l l o w e d  were s i m i l a r  t o  t h o s e  o f  p r e v io u s  

s t u d i e s  c o n c e r n in g  t a c h  i s t o s c o p  i c  p e r c e p t i o n  o f  b i n a r y  p a t t e r n s  (e_. g_., 

Camp and Harcum, 1964) .  However,  t h e r e  were d e v i a t i o n s  f rom t h i s  gene­

r a l  p ro c e d u re  so t h a t  c e r t a i n  f a c t o r s  such as p a t t e r n  le ng th  and p r e ­

d i s p o s i t i o n  o r  s e t  phenomena c o u ld  be s t u d i e d  w i t h i n  t h e  e x p e r im e n ta l  

des i g n .

The e x p e r im e n t  was conduc ted  u s in g  each S_ as h e r  own c o n t r o l .  

T r e a tm e n ts  were a c c o r d i n g  t o  t h e  f o M o w i n g - o r d e r  so as t o  m in im i z e  p r a c ­

t i c e  e f f e c t s :

S j  Random A scend ing  Descending

S_2 Ascend ing  Descend ing  Random

S3  Descend ing  Random Ascend ing

When S_s were u n d e rg o in g  t h e  a s c e n d in g  c o n d i t i o n  ( s e q u e n t i a l  expo­

s u r e s ) ,  t h e y  began w i t h  p a t t e r n s  o f  4 e le m e n t  p o s i t i o n s  and g r a d u a l l y  

worked up t o  p a t t e r n s  c o n t a i n i n g  28 e le m e n t  p o s i t i o n s .  Inc re ases  in  

number o f  e le m e n t  p o s i t i o n s  were  made on s u c c e s s i v e  e x p e r im e n ta l  s e s ­

s i o n s .  The descend ing  s e q u e n t i a l  exposures  were m i r r o r  images o f  t h e



a s c e n d in g  p r e s e n t a t i o n .  The random c o n d i t i o n  i n c lu d e d  exposu res  ra n g in g  

f rom  4 t o  28 e le m e n t  p o s i t i o n s .  O rd e r  o f  p r e s e n t a t i o n  was d e s ig n a te d  

a c c o r d i n g  t o  a random numbers t a b l e  w i t h  t h e  r e s t r i c t i o n  t h a t  no more 

t h a n  two p a t t e r n s  o f  t h e  same le n g th  appeared s u c c e e d in g l y  and each 

l e n g th  appeared  an equa l  number o f  t i m e s .

Each S_ was c o m p le t e l y  b r i e f e d  on t h e  n a t u r e  o f  t h e  e x p e r im e n ta l  

d e s i g n ,  v i z , ,  t h e  o r d e r  in  wh ich  t h e  d i f f e r e n t  c o n d i t i o n s  wou ld  be p r e ­

s e n te d  t o  h e r .  B e fo r e  each s e s s i o n ,  Ss were asked t o  read an i n s t r u c ­

t i o n  s h e e t  d e s c r i b i n g  t h e  e x p e r im e n ta l  t a s k  (see Append ix  B ) .  E x p e r i ­

menta l  s e s s io n s  c o n s i s t e d  o f  t e n  p r a c t i c e  o r  warm-up t r i a l s  and f o r t y  

t e s t  e x p o s u r e s . The second h a l f  o f  t h e  exposures  c o n s i s t e d  o f  t h e  f i r s t  

t w e n t y  t a r g e t s  t u r n e d  ups ide -dow n and t h e i r  r e s p e c t i v e  m i r r o r  images 

p r e s e n te d .  Each S_ norma I l y  com p le ted  o n l y  one s e s s i o n  on a g i v e n  day, 

and a s e s s i o n  l a s te d  a p p r o x im a t e l y  f o r t y  m in u te s .

Eye movements were  re c o rd e d  by a p o r t a b l e  E & M In s t r u m e n t  Company 

P h ys iog rap h  Model Fou r .  S i l v e r  d i s c  e l e c t r o d e s  were a t t a c h e d  (pas ted  

w i t h  Grass E l e c t r o d e  P a s te  and th e n  ta p e d )  t o  t h e  immed ia te  l e f t  s i d e  

o f  S_Ts l e f t  eye and a l s o  t o  t h e  r i g h t  s i d e  o f  h e r  l e f t  eye op t h e  b r i d g e  

o f  h e r  nose. An a d d i t i o n a l  g round  e l e c t r o d e  was a t t a c h e d  t o  h e r  l e f t  

ea r  I o b e .

The SJs f i x a t i o n a l  a c cu racy  was m a in ta in e d  by i n s t r u c t i o n .  She 

was in fo rm ed  t h a t  h e r  eye movements were b e in g  rec o rd e d  and t h a t  a s t i ­

mulus wou ld  be p r e s e n te d  o n l y  a f t e r  IE s a i d  " r e a d y "  and t h e  p o ly g ra p h  

o u t p u t  i n d i c a t e d  t h a t  she was in  f a c t  f i x a t i n g  on t h e  f i x a t i o n a l  c r o s s .  

S_s were  i n s t r u c t e d  t o  c o n t i n u e  f i x a t i n g  u n t i l  t h e  s t i m u l u s  was p resen ­

t e d  and th e n  p r o m p t l y  t o  mark on t h e  response  s h e e t  t h e i r  r e p r o d u c t i o n  

o f  t h e  p a t t e r n  t h a t  was p r e s e n te d .  The response  t e m p la t e s  c o n t a i n e d  a



h o r i z o n t a l  row o f  t h e  p re s e n te d  number o f  t y p e w r i t t e n  z e r o s .

In o r d e r  t o  m in im iz e  t h e  p o s s i b i l i t y  o f  any p r e - e x p o s u r a I  s e t  on 

t h e  p a r t  o f  Ss in  t h e  random c o n d i t i o n ,  response  t e m p la t e s  were p r o v id e d  

w h i l e  t h e  Ss were f i x a t i n g  on t h e  f i x a t i o n  m a rke r .  A s i m i I a r  p ro c e d u re  

was f o l l o w e d  in  s e q u e n t i a l  c o n d i t i o n s  so as t o  m a in t a i n  t i m i n g  c o n t r o l s .  

The o r d e r  o f  S_’ s sequence o f  responses  was reco rded  by _E, who f u r n i s h e d  

t h e  s t i m u l u s  t e m p la t e s  f rom  t h e  back o f  t h e  t a c h i s t o s c o p e .  Such r e c o r d -  

ings  were c o n c e a le d  f rom  S_.

An e r r o r  was s c o re d  each t im e  S_ marked an open e le m e n t  in t h e  s t i ­

mulus p a t t e r n  as f i l l e d  o r  l e f t  a b la c k e n e d  e Iem en t  u n f ?I I e d . E r r o r s  

were t a l I i e d  as a f u n c t i o n  o f  p a t t e r n  le n g th  and s e r i a l  p o s i t i o n  o f  t h e  

e lem e n ts  f o r  each S_ under  each e x p e r im e n ta l  c o n d i t i o n .

Res u I t s

The r e s u l t s  showed an e n d - s e g r e g a t i o n  e f f e c t  f o r  p a t t e r n  le n g th s  

o f  4 ,  12, and 16 e lem en ts  and no e n d - s e g r e g a t i o n  f o r  p a t t e r n  l e n g th s  o f  

20 and 28 e l e m e n t s .  L a t e r a l i t y  d i f f e r e n c e s  were a l s o  s i g n i f i c a n t  show­

in g  a s i g n i f i c a n t l y  l a r g e r  number o f  c o r r e c t  responses  t o  t h e  l e f t  o f  

f i x a t i o n  as compared t o  t h e  r i g h t .  The re  were no s i g n i f i c a n t  d i f f e r ­

ences between d i f f e r e n t  o r d e r s  o f  p r e s e n t a t i o n .  A h igh  ag reement  was 

found  between S s 1 i n i t i a l  o v e r t  r e s p o n s e s ,  c o r r e c t  r e s p o n s e s ,  and eye 

movements .

The mean p r o p o r t i o n  o f  c o r r e c t  responses  a t  each e lem e n t  p o s i t i o n  

f o r  each o f  t h e  f i v e  p a t t e r n  le n g th s  is  p re s e n te d  in  F ig u re s  1 - 4 .  I t  

i s  a p p a r e n t  in  F i g u r e  1 t h a t  t h e r e  i s  a c l e a r  e n d - s e g r e g a t i o n  e f f e c t  f o r  

t h e  4 - e le m e n t  p a t t e r n .  The c u rv e  r e p r e s e n t i n g  c o r r e c t  responses  t o  t h e  

1 2 -e lem en t  p a t t e r n  a l s o  shows e n d - s e g r e g a t i o n .  However,  he re  i t  i s  o n l y  

t h e  l e f t  end t h a t  i s  responded t o  more a c c u r a t e l y .  F i g u r e  2 shows t h e



FIGURE 1

MEAN PROPORTION CORRECT RESPONSES AT EACH ELEMENT POSITION 

FOR THE 4 -  AND I 2-ELEMENT PATTERNS
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FIGURE 2

MEAN PROPORTION CORRECT RESPONSES AT EACH ELEMENT POSITION

FOR 16-ELEMENT PATTERNS
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FIGURE 3

MEAN PROPORTION CORRECT RESPONSES AT EACH ELEMENT POSITI ON

FOR 20-ELEMENT PATTERNS
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FIGURE 4

MEAN PROPORTION CORRECT RESPONSES AT EACH ELEMENT POSITION

FOR 28-ELEMENT PATTERNS
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response c u r v e  f o r  t h e  1 6 -e lem en t  p a t t e r n .  I t  i s  c l e a r l y  s i m i l a r  t o  

t h a t  o f  t h e  1 2 - e le m e n t  p a t t e r n ;  however ,  t h e  l e f t  end i s  n o t  responded 

t o  q u i t e  as a c c u r a t e l y .  F ig u r e s  3 and 4 p r e s e n t  p r o p o r t i o n  c o r r e c t  

response cu rv e s  f o r  2 0 -  and 2 8 -e le m e n t  p a t t e r n  le n g th s  r e s p e c t i v e l y .

The re  i s  no a p p a r e n t  e n d - s e g r e g a t i o n  shown in  t h e s e  c u r v e s .

A f o u r  f a c t o r ,  f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e  w i t h  rep e a te d  mea­

s u re s  on t h e  l a s t  two f a c t o r s  was done on t h e  mean p r o p o r t i o n  c o r r e c t  

responses a t  d i f f e r e n t  e le m e n t  p o s i t i o n s .  The f o u r  f a c t o r s  t e s t e d  

were :  p a t t e r n  le n g th  ( A ) ,  o r d e r  o f  p r e s e n t a t i o n  ( B ) ,  l a t e r a l i t y  (C ) ,

and e n d - s e g r e g a t i o n  (D ) .  Mean s c o re s  f o r  t h e  4 -  and 2 8 -e le m e n t  p a t t e r n s  

were  o m i t t e d  f rom  t h i s  f i r s t  o v e r a l l  a n a l y s i s ,  because i t  seemed t h a t  

some t y p e  o f  mask ing phenomenon m ig h t  have b ia s e d  t h e  r e s u l t s  o f  t h e  

a n a l y s i s  in  f a v o r  o f  e n d - s e g r e g a t i o n .  ( T h i s  p rob lem  i s  s t u d i e d  f u r t h e r  

in  Exp e r im e n ts  I I I ,  IV,  and V . )

T a b le  1 p r e s e n ts  t h e  summary t a b l e  f o r  t h  i s  ana I y s i s  o f  v a r i a n c e .

As can be seen f rom t h i s  t a b l e ,  t h e  le n g th  o f  t h e  p a t t e r n  was s i g n i f i ­

c a n t  ( F'2 ] q = 2 8 .0 9 ,  p < . 0 0 1 ) ,  and t h e  m agn i tude  o f  t h e  e f f e c t  ( F r i e d ­

man, 1968) was la r g e  w i t h  r m > . 9 .  M u l t i p l e  t - t e s t s  were p e r fo rm e d  t o  

compare response  d i f f e r e n c e s  t o  t h e  v a r i o u s  p a t t e r n  l e n g t h s .  I t  was 

found  t h a t  t h e r e  were s i g n i f i c a n t l y  more c o r r e c t  responses  t o  t h e  1 2 -  

e le m e n t  p a t t e r n  as compared t o  bo th  t h e  1 6 -e lem en t  p a t t e r n  ( t ^ g  = 6 . 8 3 ,  

p < .001)  and t h e  2 0 -e le m e n t  p a t t e r n  ( t ^ g  = 6 .0 9 ,  p < . 0 0 1 ) .  However,  

t h e  d i f f e r e n c e  between p a t t e r n s  o f  16 and 2 0  e lem e n ts  was n o t  s i g n i f i ­

c a n t .

The o r d e r  o f  p r e s e n t a t i o n  was c l e a r l y  n o t  s i g n i f i c a n t ,  as shown in  

T a b le  1.

L a t e r a l i t y  d i f f e r e n c e s  were  a l s o  s i g n i f i c a n t  (F^ ^g = 11 .84 ,  p <



TABLE I

ANALYSIS OF VARIANCE SUMMARY TABLE

Source d f MS F

Between Groups 26

P a t t e r n  le n g th  (A) 2 153.66 28 .09  p < .001
O rd e r  o f  P r e s e n t a t i o n  (B) 2 2 . 0 0 .36
A X B 4 4.31 .79
S u b je c t s  Between Groups 18 5 .47

W i t h i n  Groups 135

L a t e r a l i t y  (C) 1 81 . 8 8 1 1 .84 p < .005
A X C 2 23 .88 3 .45
B X C 2 5.81 .84
A X B X C 4 2 .1 3 .31
C X S u b je c t s  W i t h i n  Groups 18 6.91

E n d -S e g re g a t i o n  (D) 2 110.69 20 .55  p < .001
A X D 4 13.34 2 .47
B X D 4 2 .1 6 .40
A X B X D 8 5 .2 0 .96
D X S u b je c t s  W i t h i n  Groups 36 5 .3 9

C X D 2 2 0 . 2 2 4 .17  p < .025
A X C X D 4 19.53 4 .0 3  p < .05
B X C X D 4 3 .2 3 .67
A X  B X C X D 8 7.11 1.47
C X D X S u b je c t s  W i t h i n 36 4 .8 5

Groups

To ta  1 161

24



25

. 005 ,  r m = . 6 ) .  The re  was a s i gn i f  i c a n t  I y I a r g e r  number o f  c o r r e c t  

responses  t o  t h e  l e f t  o f  f i x a t i o n  as compared t o  t h e  r i g h t .

The e n d - s e g r e g a t i o n  f a c t o r  was t e s t e d  by a v e r a g in g  c o r r e c t  respon­

ses i n t o  t h r e e  g roup s  o f  mean s c o r e s .  The f i r s t  mean c o n s i s t e d  o f  c o r ­

r e c t  responses  f o r  t h e  tw o  l e f t - e n d  e le m e n t  p o s i t i o n s ;  t h e  second mean 

c o n s i s t e d  o f  s c o re s  f o r  e le m e n t  p o s i t i o n s  between t h e  two  l e f t - e n d  p o s i -  

t i o n s  and t h e  two r i g h t - e n d  p o s i t i o n s ,  and t h e  t h i r d  mean c o n s i s t e d  o f  

s c o re s  f o r  t h e  tw o  r i g h t - e n d  e le m e n t  p o s i t i o n s .

As i s  a p p a r e n t  in  T a b le  1, t h e  e n d - s e g r e g a t i o n  f a c t o r  is  s i g n i f i ­

c a n t  CF2  3 6  = 2 0 . 5 5 ,  p < .001 ,  r m > . 7 ) .  M u l t i p l e  t - t e s t s  were p e r ­

formed com par ing  t h e  ends o f  t h e  p a t t e r n s  w i t h  t h e  m id d le  and t h e  mean 

c o r r e c t  response f o r  t h e  two  l e f t - e n d  e lem en ts  s i g n i f i c a n t l y  d i f f e r e d  

f rom  t h a t  o f  t h e  m id d le  e lem en ts  ^ 3 5  = 2 3 .0 7 ,  p < .001)  and f rom t h a t  

o f  t h e  two r i g h t - e n d  e lem en ts  ^ 3 5  = 2 9 .8 3 ,  p < . 0 0 1 ) .  The m id d le  e l e ­

ments a l s o  s i g n i f i c a n t l y  d i f f e r e d  f rom  t h e  two  r i g h t - e n d  e lem en ts  ( t 3 6  

= 6 . 7 6 ,  p < . 0 0 1 ) .

As shown in  T a b le  1, t h e  l a t e r a l i t y  by e n d - s e g r e g a t i o n  (C x D) i n ­

t e r a c t i o n  is  s i g n i f i c a n t  ( F2  3 5  = 4 . 1 7 ,  p < .025 ,  r m = . 4 5 ) .  F i g u r e  5 

p r e s e n ts  mean p r o p o r t i o n  c o r r e c t  responses  f o r  d i f f e r e n t  e c c e n t r i c i t i e s .  

E c c e n t r i c i t y  c o n s i s t s  o f  s i x  s c o re s  o f  mean c o r r e c t  r e s p o n s e s .  The f i r s t  

mean s c o re  c o n s i s t s  o f  c o r r e c t  responses  t o  t h e  two l e f t - e n d  elements, ;  

t h e  second c o n s i s t s  o f  c o r r e c t  responses  t o  e lem e n ts  between t h e  two 

l e f t - e n d  e lem en ts  and t h e  two e lem e n ts  t o  t h e  im med ia te  l e f t  o f  f i x a t i o n ;  

and t h e  t h i r d  mean s c o r e  c o n s i s t s  o f  c o r r e c t  responses t o  t h e  two e l e ­

ments t o  t h e  im med ia te  l e f t  o f  f i x a t i o n .  Mean s c o re s  t o  t h e  r i g h t  o f  

f i x a t i o n  were d e r i v e d  in  a l i k e  manner.  I t  i s  c l e a r  f rom  t h i s  c u r v e  

t h a t  t h e  l e f t - m o s t  e lem e n ts  were responded t o  more a c c u r a t e l y  o v e r a l l .



FIGURE 5

MEAN PROPORTION CORRECT RESPONSES AT DIFFERENT ECCENTRICITIES

FOR ALL PATTERN LENGTHS
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M u l t i p l e  t - t e s t s  were p e r fo rm ed  compar ing  d i f f e r e n c e s  between 

mean c o r r e c t  r e s p o n s e s .  The t - v a I u e s  f o r  a l l  p o s s i b l e  com par isons  

a re  p re s e n te d  in T a b le  2.  As is  shown in  t h i s  t a b l e ,  a l l  compar isons  

a r e  a t  l e a s t  s i g n i f i c a n t  a t  t h e  .05  leve l  e x c e p t  t h o s e  f o r  t h e  r e s ­

ponses t o  t h e  m id d le  and r i g h t  e lem en ts  t o  t h e  l e f t  o f  f i x a t i o n ;  and 

t h o s e  t o  t h e  immedia te  l e f t  o f  f i x a t i o n  as compared t o  th o s e  t o  t h e  

m i d d l e - r i g h t  o f  f i x a t i o n .  I t  i s  a p p a r e n t  t h a t  a l l  com par isons  made 

w i t h  t h e  mean p r o p o r t i o n  c o r r e c t  s c o re  f o r  t h e  l e f t - e n d  e le m e n t  p o s i ­

t i o n s  a re  s i g n i f i c a n t  (p < . 0 0 1 ) .  Comparisons made w i t h  t h e  mean s c o re  

f o r  t h e  r i g h t - e n d  e le m e n t  p o s i t i o n s  a re  a l s o  s i g n i f i c a n t  (p < . 0 5 ) .

I t  i s  a l s o  a p p a r e n t  in  T a b le  1 t h a t  t h e r e  is  a smaI I b u t  s i g n i f i ­

c a n t  i n t e r a c t i o n  (F^  3 5  = 4 * 0 3 ,  p < .05 ,  r m = .5 5 )  between p a t t e r n

le n g th  ( A ) ,  l a t e r a l i t y  ( C ) ,  and e n d - s e g r e g a t i o n  (D ) .  Dunn’ s M u l t i p l e  

Comparison P rocedu re  was used t o  compare t h e  d i f f e r e n c e s  among means 

i n v o l v e d  In t h i s  i n t e r a c t i o n .  These d i f f e r e n c e s  a r e  p re s e n te d  in  

T a b le  3 .  L a r g e s t  mean d i f f e r e n c e s  were found between 12 -e lem en t  p a t ­

t e r n s  as compared t o  16- and 2 0 -e le m e n t  p a t t e r n s .  D i f f e r e n c e s  were 

l a r g e s t  f o r  a g i v e n  p a t t e r n  when t h e  ex t reme l e f t  p o s i t i o n s  were com­

pared t o  o t h e r  p o s i t i o n s  on e i t h e r  s i d e  o f  f i x a t i o n .

A measure o f  agreement  between S_s T i n i t i a l  o v e r t  res pon s es ,  c o r ­

r e c t  responses  and eye movements was c a l c u l a t e d  e m p lo y in g  a C h i - s q u a r e  

T e s t .  As shown in  T a b le  4 ,  t h i s  agreement  was found t o  be s i g n i f i c a n t  

(p < . 0 0 1 ) .  The m agn i tude  o f  t h e  agreement  was a l s o  q u i t e  l a r g e .

A second f o u r  f a c t o r ,  f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e  was done on 

t h e  mean p r o p o r t i o n  c o r r e c t  respon ses .  T h i s  a n a l y s i s  d i f f e r e d  f rom 

t h e  f i r s t  one in  t h a t  da ta  f o r  t h e  2 8 -e le m e n t  p a t t e r n  was i n c l u d e d .  The 

r e s u l t s  o f  t h i s  a n a l y s i s  showed t h e  p a t t e r n  le n g th  f a c t o r  n o t  t o  be



TABLE 2

t  VALUES COMPARING DINFERENCES'BETWEEN LEVELS OF LATERALITY ( C , -  

l e f t ,  C2-  r i g h t )  AND END-SEGREGATION ( D ( -  l e f t ,  D2“  m id d l e ,  D3 -  r i g h t )

C,D| C|D 2 C,D3 c 2 d, C2 ° 2 c2D3

CI D | .16 . 9 9 * * * 1 8 . 2 6 * * * 1 4 . 1 8 * * * 2 0 . 1 7 * * * 2 2 . 2 4 * * *

C | D 2 ------- 1 .2 7 2 . 8 0 * * 3 .  19** 5 . 2 6 * * *

C |D 3 ------- 4 . 0 7 * * * 1 .92 3 . 9 9 * * *

c 2 d, ------- 5 . 9 9 * * * 8 . 0 6 * * *

C D 
2  2

2 . 0 7 *

C D 
2  3

*p  < .05
* * p  < . 0 1

* * * p  < . 0 0 1

28



29

ny
LU
CD<

OCocLU

Q
X
o
X
c

cCDLU
DCCDLUCOIQzLU
X
>-

<cDCLU
I—C_J
X
z;i— CD zLU

DCLU

CQ_
DCO

CLU

CD

COLUOzLU
DCLUU_

Q

OO

VO

NO

CM

Ov

03

p

VO

in

o p p P p ooo vo VO vo — CM. • • * • • •
CM in in P p CM00 CM CM CM CM CM
p P P P P moo OO CO ny P• • m • •
VO Ov Ov CO 00 vop — — — — —
p P P P p invo ny ny ny CO ov• • • • •— : in m P ny ■—p '— — — — —
o p p P p COin ■ — — — VO pa a • a • •CO CM CM - o COvO — — '- —
ny O o o o —00 in in in o —• • • • a a
p — — ; o o COvO — —  ■ — — .
o p p p- p 00in — — — vO p• • • • • •
VOVO o o ON CO vo

ny o o o o —
oo in in in o —. a » • • •invO OY ov CO CO vo

o p p p p COo VO VO vo — CM• • m • • a
vO P P vo vo p

p P P p p in— ■ oo co co ny p• . • a • • a
CMVO in in p P CM

00 in in in tn Pp p p p Ov O• • • a • •
VO in ■in P CM

p p p P p invo ny ny ny 00 ov• « • • • •
vo m in p ny

p P p p p in— CO oo CO ny p• • ' • • • •— p P ny ny —

ny

cozo
ocDC

vO
pVO
ny

ovin
ny

om

oo

ny
ny
voin

pvo
ny

ov
ny
ny

oin

pvo
CM

Ov
ny

oin

oo  Ii— i

p

CM

ovoo
CM —

00CM

o m NY CMo CO NY CM
a a a a

CM o o oCM CM CM CM
P O O OV
— o in NY

a * a •
VO . in •*P "P
p o o CPVO in o oo

a • a •
- ■ o o Ov

o m NY CMin m CO P
a • a •CO p VO VO

ny VO VO in00 VO — o
a • a •

P VO VO VO

o NY NY CMin NY CO P
a • a a

VO in **P ''P
ny vo VO inoo vo — o

a a a a

m -=P •'P "P

oo

CM

00p

pVO

p

nyoo
CM

oo

vo
o
oin

— — o

ny
ny
vom

nyny
pin

nyco
pin

CMp
ov
m

oo p

m
ny

CM
oin

pvo

CMCM
CM

CT\ny

COp
o  —  —  —vo vo vo vo

CM NY NY CM CM NY — NY cO Q O O Q O Q O o
— CM CM CM CM CM —o CD O O O O CJ O CDCM CM CM CM NY NY CM NY Nc <C <C <C C <C C C c

_ _ CM NY P in VO P CO OV

CM

ny

in NY— OOa a
P P
A 1 A I
tn CDCD 0O O■ c . CCD 01_ 1_CD 0s- M-M- M-
*o •o

ro (U

L_ L_o oM- H—
in _'
o o• •'
v • V
Q_ Q.

CD-HO



30

*oCDZJC

cr
Oo

no
0

-Oro
h—

00

p

vo

U0

no

CNI

on

CO

vo

in

"3-

no

oo
CNICO

VOr~'
pvO

p
oin
covo
NOCO
pvo
oin
vovo
NOco
invo
oo
vo
p

CNIVO
oop
vo
pvo

vo
p

VO
oo
oVO
CNIp
ONin
NOCO
pm.
NONO
pinco
2 :
<c
LU

NO o P- o P o
CO o — in — in
CO oo VO in NP NO
o p ’vP p Np po •— NO vo NO VO• • • • •
■Np CNJ O ON 00 P
o p *̂P P NP Pin vo 00 — 00 —• • • • • •
ON p in in NO NO
NO o p o PNO in vo o VO I• • - • • • 1VO ■'nP CNJ CNJ o 1

VO NO o NOVO 00 o NO 1
m - • • • 1in NO CN| — 1
NO o pNO in vo 1• • • 1'vP CNJ o 1
vo NOvo 00 1• • 1NO — 1

NONO

NOCO

NOCO
in

oin i
i^p i

P O NO o NO o p p O— o 00 in 00 in vO — O• • • • • • • • •CNJ ■̂ p in VO p CO — VO CNI
VO VO vo VO VO VO p P OO

o _ NO _ CM — NO CNJ —Q o Q Q Q o Q o Q~1— — CNJ CNJ CNI CNI — — —o O o O O O o o o o<c NO — NO — — — -- CMor < c <C C c c c c * c

CNJ NO in vo CD

in NO— CO
Np P̂

A  1 A  1

if ) if)
0 0
O o
cr cr
0 0
L . L_
0 0

H— M-M- M—
"O TO

CD ro

V_ L_o oM— H—
in _o o*. •

V V

CL CL

0
4—

O



TABLE 4

AGREEMENT OF IN IT IA L  RESPONSES, CORRECT RESPONSES AND EYE MOVEMENTS

S u b je c t A 1 1 
Agreement

No t  A l l  
Agreement

P m

1 243 194 < .001 .58

2 185 128 < .00 ! .78

3 203 152 < .001 .80
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s i g n i f i c a n t .  I t  a l s o  showed t h e  l a t e r a l i t y  by e n d - s e g r e g a t i o n  i n t e r -  

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

Di scuss  i on

The r e s u l t s  o f  t h e  p r e s e n t  e x p e r im e n t  i n d i c a t e  t h a t  an e n d - s e g r e ­

g a t i o n  e f f e c t  i s  more a p p a r e n t  f o r  t h e  s h o r t e r  as compared t o  t h e  Id n g -  

e r  p a t t e r n  l e n g t h s .  However,  a l l  t h e  response  d i s t r i b u t i o n s  o b t a i n e d  

a r e  n o t  c o n s i s t e n t  w i t h  e a r l i e r  p r e d i c t i o n s .  N o t i n g  Harcum’ s (1964)  

f i n d i n g s ,  i t  was e x p e c te d  t h a t  t h e  4 - e le m e n t  p a t t e r n  wou ld  be so s im ­

p l e  t h a t  a s e l e c t i v e  p e r c e p t u a l  p rocess  w o u ld -b e  un n e c e s s a ry .  I t  was 

a l s o  p r e d i c t e d  t h a t  t h e  2 0 -  and 2 8 - e le m e n t  p a t t e r n s  wou ld  p roduce  

response  c u rv e s  show ing  a min ima o f  e r r o r s  a b o u t  f o v e a  I f i x a t i o n .

A p o s s i b l e  e x p l a n a t i o n  f o r  t h e  la c k  o f  fovea  I f a c i  I i t a t i o n  found 

i n  t h e  r e s u l t i n g  response  d i s t r i b u t i o n s  m ig h t  be due t o  e r r o r s  o f  m i s -  

l o c a t i o n .  T h i s  p o s s i b i l i t y  is  e s p e c i a l l y  l i k e l y  s i n c e  t h e  response  

t e m p la t e s  used in  t h e  p r e s e n t  s t u d y  d i f f e r e d  f rom  t h o s e  used in  many 

p r e v i o u s  s t u d i e s  in  t h a t  t h e r e  was no c e n t e r  m a rke r  on t h e  response  

t e m p la t e  c o r r e s p o n d in g  t o  t h e  f i x a t i o n  m a rke r .  Such a p ro c e d u ra l  

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

t h e r e b y  m a x im iz in g  t h e  p o s s i b i  i i t y  o f  e r r o r s  o f  m i s l o c a t i o n .

In d i s c u s s i n g  e r r o r s  o f  m i s l o c a t i o n ,  D e rks ,  C h e r r y  and Larson 

(1969)  emphas ize t h e  im p o r ta n c e  o f  a " c o l l a p s i n g "  s t i m u l u s .  They sug­

g e s t  t h a t  i f  a p a i r - o f  d o ts  a re  p e r c e i v e d  as a s i n g l e  e le m e n t  ( c o l ­

lapsed  s t i m u l u s ) ,  t h e n  a l l  a d j a c e n t  d o ts  w i l l  be r e p o r t e d  one p o s i t i o n  

c l o s e r  t o  t h e  c o l l a p s e d  p a i r .  C l e a r l y ,  t h e  absence o f  a c e n t e r  r e f e r ­

ence m arke r  in  t h e  p r e s e n t  s t u d y  wou ld  o p t i m i z e  t h e  p r o b a b i l i t y  o f  S_s T 

c o l l a p s i n g  s t i m u l i .  T h a t  such a phenomenon is  more p r e v a l e n t  among 

t h e  c e n t r a l l y  l o c a te d  e lem en ts  i s  c o n s i s t e n t  w i t h  t h e  p r e s e n t  t h e o r e t i c a l



p o s i t i o n  o f  e n d - s e g r e g a t i o n .

A l th o u g h  responses  t o  t h e  12- and 16 -e lem en t  p a t t e r n s  were a I so 

a f f e c t e d  by t h e  la c k  o f  a c e n t e r  m a rk e r ,  th e s e  p a t t e r n s  were responded 

t o  more a c c u r a t e l y  a t  t h e i r  l e f t  end. These r e s u l t s  c o r r o b o r a t e  p r e ­

v i o u s l y  r e p o r t e d  da ta  ( e .  c[_., Harcum, 1964) ,  and t h e y  lend f u r t h e r  

e v id e n c e  f o r  a " p r im a c y  e f f e c t "  wh ich  scans ' t h e . s t i m u l u s  p a t t e r n  f rom 

one end t o  t h e  o t h e r .  The s t r o n g e r  p r im acy  e f f e c t  f o r  t h e  12- as com­

pared t o  t h e  16 -e lem en t  p a t t e r n s  f u r t h e r  s ugg es ts  t h a t  response  accu ­

racy  decreases  as t h e  amount o f  i n f o r m a t i o n  t o  be r e p o r t e d  i n c r e a s e s .  

T h i s  i n t e r p r e t a t i o n  is  c o n s i s t e n t  w i t h  t h e  f o r m u l a t i o n s  o f  Harcum and 

Rabe (1 9 5 8 ) .

The a p p a r e n t  la c k  o f  any such p r im acy  e f f e c t  f o r  t h e  p a t t e r n s  o f  

20-  and 2 8 -e le m e n ts  s u g g e s ts  two p o s s i b i l i t i e s :  e i t h e r  t h e s e  p a t t e r n s

ex tended  so f a r  i n t o  p e r i p h e r a l  v i s i o n  t h a t  t h e y  had no p e r c e i v a b l e  

ends t o  s e r v e  as r e f e r e n c e  p o i n t s ;  o r ,  t h e y  s im p l y  were t o o  complex so 

t h a t  such a mechanism was u n a b le  t o  o r g a n i z e  t h e  s t i m u l i  e f f e c t i v e l y  

and a id  i n  t h e i r  r e t r i e v a l .  The la c k  o f  a p r im acy  e f f e c t  f o r  t h e  2 8 -  

e le m e n t  p a t t e r n  agrees  w i t h  HarcurrHs ( 1969) f i n d i n g s  and t h e  s im i  I a r  

pe r fo rm an ce  f o r  t h e  2 0 - e le m e n t  p a t t e r n  s ugg es ts  t h a t  t h i s  le ng th  is  

a l s o  t o o  long  f o r  e f f e c t i v e  e n d - t o - e n d  s c a n n in g .

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

n i f i c a n t .  The 12- and 1 6 -e lem en t  p a t t e r n s  c o n t r i b u t e d  most  t o  t h i s  

s i g n i f i c a n c e  w i t h  p a t t e r n s  o f  4 - ,  2 0 - ,  and 2 8 -e le m e n ts  p r o d u c in g  n e a r l y  

equa l  pe r fo rm a n c e  on e i t h e r  s i d e  o f  f i x a t i o n . The obse rved  l e f t - f i e l d  

s u p e r i o r i t y  c o r r o b o r a t e s  much p r e v io u s  re s e a rc h  c i t e d  e a r l i e r  (e_. ,

Harcum and Dye r ,  1962) .

The f i n d i n g  i n d i c a t i n g  t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  in



e r r o r  d i s t r i b u t i o n s  between t h e  d i f f e r e n t  o r d e r s  o f  p r e s e n t a t i o n  i s  

n o t  e a s i l y  e x p l a i n e d .  A l th o u g h  i t  was n o t  e x p e c te d  t h a t  t h e r e  would  

be any d i f f e r e n c e s  between a s c e n d in g  and desc e n d in g  c o n d i t i o n s , a d i f ­

f e r e n c e  between th e s e  c o n d i t i o n s  and t h a t  o f  t h e  random p r e s e n t a t i o n  

was e x p e c te d .  A p o s s i b l e  cause o f  t h e s e  r e s u l t s  m ig h t  be t h e  a c c u ra c y  

o f  t h e  S_f s f i x a t i o n .  In t h e  p r e s e n t  s t u d y ,  eye movements were m on i ­

t o r e d  such t h a t  a s t i m u l u s  was n o t  p r e s e n te d  u n t i l  S_was c l e a r l y  ready 

and f i x a t i n g .  _Ss were in fo rm ed  t h a t  t h e i r  eye movements were b e in g  

r e c o r d e d ,  and t h e y  were i n s t r u c t e d  t o  remain  f i x a t i n g  u n t i l  t h e  s t i ­

mulus was p r e s e n te d .  G iven such s t r i n g e n t  c o n t r o l s ,  i t  is  assumed 

t h a t  t h e  S_s m a in t a i n e d  r e l a t i v e l y  a c c u r a t e  f i x a t i o n .  However,  i t  i s  

p o s s i b l e  t h a t  t h e  s t r i c t  c o n t r o l  o f  f i x a t i o n  a ccu racy  was r e s p o n s i b l e  

f o r  t h e  la c k  o f  response  d i f f e r e n t i a t i o n  among o r d e r s  o f  p r e s e n t a t i o n .

A n o th e r  p o s s i b l e  e x p l a n a t i o n  f o r  t h e  la c k  o f  s i g n i f i c a n t  d i f f e r ­

ences between o r d e r s  o f  p r e s e n t a t i o n  m ig h t  be t h e  e x p e r im e n ta l  s o p h i s ­

t i c a t i o n  o f  t h e  S_s. Perhaps such wel I - e x p e r  i enced S_s b e l i e v e d  i t  un­

necessary  t o  t a k e  advan tage  o f  t h e  a d d i t i o n a l  i n f o r m a t i o n  made a v a i l ­

a b l e  in  t h e  a s cen d in g  and desce nd ing  c o n d i t i o n s .  In any case ,  a f t e r  

a few e x p e r im e n ta l  s e s s i o n s ,  boredom f a c t o r s  a I so m ig h t  have reduced 

t h e  e f f e c t i v e n e s s  o f  a p r e - e x p o s u r e  s e t .

The h ig h  agreement  found  between S s T i n i t i a l  o v e r t  r esponses ,  

number o f  c o r r e c t  res p o n s e s ,  and eye movements, is  c o n s i s t e n t  w i t h  

e a r l i e r  p r e d i c t i o n s .  These da ta  c o r r o b o r a t e  w i t h  r e s u l t s  r e p o r t e d  by 

Bryden (1960 ,  1961) and C r o v i t z  and Daves (1962)  wh ich s u g g e s t  t h a t  

i n i t i a l  eye movements a r e  made t o  t h e  l e f t  o f  f i x a t i o n  and t h e r e  is  

g r e a t e r  a c c u ra c y  found  h e r e .  The r e s u l t s  a r e  a l s o  c o n s i s t e n t  w i t h  

W h i t e Ts (1970a)  f i n d i n g s  t h a t  f ew e r  e r r o r s  o c c u r  among t h o s e  e le m e n ts



which were r e p o r t e d  f i r s t  i n  t h e  response  sequence (j_. e_., t h o s e  t o  t h  

l e f t  o f  f i x a t i o n ) .  A l t h o u g h  t h e  p r e s e n t  d a ta  s u g g e s t  a h ig h  c o r r e l a ­

t i o n  between o v e r t  re s p o n s e s ,  number o f  c o r r e c t  responses  and eye move 

ments ,  t h e y  p r o v i d e  no i n f o r m a t i o n  as t o  t h e  c a u s a l i t y  o f  t h e s e  pheno­

mena .



EXPERIMENT I I  

Purpose o f  t h e  S tudy

E x p e r im e n t  I u t i l i z e d  p a t t e r n s  o f  28 e lem e n ts  as w e l l  as p a t t e r n s  

o f  4 ,  12, 16 and 20 e lem e n ts  in an i n v e s t i g a t i o n  o f  t h e  e n d - s e g r e g a t i o n  

e f f e c t .  The 2 8 - e le m e n t  p a t t e r n  was used t o  s t u d y  S_’ s response  t o  such 

a complex  s t i m u l u s  w i t h  a m in ima l p r e d i s p o s i t i o n  o r  response  s e t ,  as 

w e l l  as t o  r e p l i c a t e  Harcum’ s (1969)  f i n d i n g s .  However,  I t  s h o u ld  be 

r e a l i z e d  t h a t  a l t h o u g h  Harcum’ s da ta  and t h o s e  r e p o r t e d  in  E xp e r im e n t  I 

c l e a r l y  s u g g e s t  t h a t  t h e  v e ry  complex  s t i m u l u s  p a t t e r n s  e l i m i n a t e  

e n d - s e g r e g a t i o n , t h e r e  a r e  two  p o s s i b l e  i n t e r p r e t a t i o n s  o f  t h e s e  r e ­

s u l t s ,  as p r e v i o u s l y  n o t e d .  E i t h e r  t h e  end e lem en ts  a re  n o t  a c c u r a t e l y  

rep roduced  because t h e y  a r e  n o t  seen due t o  s e n s i t i v i t y  f a c t o r s  (_i_. e_., 

t h e i r  p e r i p h e r a l  l o c a t i o n ) ,  o r  perhaps  t h e s e  p a t t e r n s  a r e  so complex 

t h a t  t h e  more ex t re m e  e lem en ts  a re  masked by one a n o t h e r .

E x p e r im e n t  I I was des igned  t o  i n v e s t i g a t e  i f  end e lem en ts  o f  t h e  

f i v e  d e s ig n a te d  p a t t e r n  le n g th s  used in  E x p e r im e n t  I c o u ld  be r e p r o ­

duced when p re s e n te d  w i t h o u t  i n t e r f e r e n c e  f rom  i n t e r v e n i n g  s t i m u l u s  

e le m e n ts .  I t  was p r e d i c t e d  t h a t  such e lem e n ts  wou ld  be reproduced  

w i t h  a min ima o f  e r r o r s ,  c e r t a i n l y  w i t h  f e w e r  e r r o r s  t h a n  a re  found 

among t h e s e  same p o s i t i o n s  when many e lem en ts  a re  p r e s e n te d  w i t h i n  

t h e  same p a t t e r n  l e n g t h .

Method

S u b je c t s

The Ss were t h i r t e e n  r i g h t - h a n d e d  women u n d e r g ra d u a te  s t u d e n t s  o f
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The C o l l e g e  o f  W i l l i a m  and Mary.  Th ree  o f  t h e s e  Ss were th o s e  who p a r ­

t i c i p a t e d  in  E x p e r im e n t  I .  The re m a in in g  t e n  were  e x p e r i m e n t a l l y  n a i v e .  

Each S_was p a id  f o r  h e r  s e r v i c e s  and each had 20-20 v i s i o n  o r  b e t t e r .  

A p p a ra tu s

The t a c h i s t o s c o p e  was i d e n t i c a l  t o  t h a t  used in  E x p e r im e n t  I .  

However ,  t h e  s t i m u l i  and t h e  r e s p o n s e - r e c o r d i n g  sh e e ts  were d i f f e r e n t .

The b i n a r y  p a t t e r n s  were  c o n s t r u c t e d  by t y p e w r i t i n g  a h o r i z o n t a l  

row o f  f o u r  ze ros  on w h i t e  s t i m u l u s  ca rds  and f i l l i n g  in one z e r o  on 

e i t h e r  s i d e  o f  f i x a t i o n  such t h a t  each e le m e n t  p o s i t i o n  was b la c k e n e d  

e q u a l l y  o f t e n .  Each e le m e n t  was 13 .2  i n .  t h r o u g h  t h e  h o r i z o n t a l  d i a ­

m e te r ,  w i t h  t h e  space between t h e  end e lem e n ts  s u b te n d in g  17.6  i n .

T o t a l  le n g th s  o f  p a t t e r n s  sub tended  f rom  1 .9 °  f o r  t h e  4 - e le m e n t  p a t ­

t e r n  le n g th  t o  1 3 .4 °  f o r  t h e  2 8 - e le m e n t  p a t t e r n  le n g t h .  The re  were 

e i t h e r  4 ,  12, 16, 20 o r  28 e lem e n t  p a t t e r n  l e n g t h s ,  each c o r r e s p o n d -  

ing  r e s p e c t i v e l y  t o  t h e  p a t t e r n  Ie n g th s  used in  E x p e r im e n t  I .  Thus, 

t h e  f o u r  e lem e n ts  a lways  c o n s i s t e d  o f  t h e  two  end e le m e n ts ,  on e i t h e r  

s i d e  o f  f i x a t i o n ,  o f  each r e s p e c t i v e  l e n g t h .  The b i n a r y  p a t t e r n s  used 

a r e  rep roduce d  in  A p pend ix  A.

P ro c e d u re

Each p a t t e r n  le n g th  was p re s e n te d  e i g h t  t i m e s .  The p r e s e n t a t i o n  

p r d e r  o f  d i f f e r e n t  l e n g th s  and p a t t e r n s  was d e s ig n a te d  a c c o r d i n g  t o  a 

random numbers t a b l e  w i t h  t h e  r e s t r i c t i o n  t h a t  no two le n g th s  o r  

p a t t e r n s  appeared  s u c c e e d in g l y  and each le n g th  appeared an equal  num­

b e r  o f  t i m e s .

B e fo re  each s e s s i o n ,  Ss were asked t o  read  an i n s t r u c t i o n  s h e e t  

d e s c r i b i n g  t h e  e x p e r im e n ta l  t a s k  (see A p pend ix  B ) .  E x p e r im e n ta l  s e s ­

s i o n s  c o n s i s t e d  o f  t e n  p r a c t i c e  t r i a l s  and f o r t y  t e s t  e x p o s u re s .  The
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second ha I f  o f  t h e  exposures  c o n s i s t e d  o f  t h e  f i r s t  tw e n t y  t a r g e t s  

t u r n e d  ups ide -down and t h e i r  r e s p e c t i v e  m i r r o r  images p r e s e n te d .  Ses­

s io n s  l a s t e d  a p p r o x im a t e l y  t h i r t y  m in u te s .

The S s 1 f i x a t i o n a l  a c c u ra c y  was m a in ta in e d  by i n s t r u c t i o n ,  and 

h e r  eye movements were re co rded  as in  E x p e r im e n t  I .

In o r d e r  t o  m in im i z e  t h e  p o s s i b i l i t y  o f  any p r e - e x p o s u re  s e t  on 

t h e  p a r t  o f  Ss,  r e s p o n s e - r e c o r d i n g  temp Ia te s  were p r o v id e d  w h i l e  Ss 

f i x a t e d  on t h e  c e n t e r  m a rk e r .  Response t e m p la t e s  c o n t a i n e d  a h o r i z o n ­

t a l  row o f  t h e  p r e s e n te d  p a t t e r n - I e n g t h  o f  4 e le m e n ts .  E r r o r s  were 

s c o re d  as in  E x p e r im e n t  I .

R e s u I t s

The d a ta  were  t a b u l a t e d  s e p a r a t e l y  f o r  t h e  e x p e r i m e n t a l l y  n a i v e  

and e x p e r ie n c e d  s u b j e c t s .  Mean p r o p o r t i o n  o f  c o r r e c t  responses were 

c a l c u l a t e d  f o r  each p a t t e r n  le n g th  a t  each e le m e n t  p o s i t i o n .  These 

p r o p o r t i o n s  a re  p re s e n te d  in  T ab les  5 and 6 .

As ‘ i s  shown in  T a b le  5, f e w e r  c o r r e c t  responses  were made f o r  

s t i m u l i  o f  t h e  2 8 - e le m e n t  p a t t e r n  le n g th  th a n  were made f o r  any o t h e r  

p a t t e r n  l e n g t h .  However,  i t  s h o u ld  be no ted  t h a t  t h e  .69 and .70 

p r o p o r t i o n s  found a t  t h e s e  ex t rem e  p o s i t i o n s  a r e  b e t t e r  th a n  t h e  .50 

p r o p o r t i o n  t h a t  wou ld  be e x pe c ted  by chance.  S i m i l a r l y ,  T a b le  6 shows 

t h e  e x p e r ie n c e d  Ss r e s p o n d in g  t o  t h e  2 8 -e le m e n t  p a t t e r n  le ng th  w i t h  

f e w e r  p r o p o r t i o n  c o r r e c t  th a n  on o t h e r  p a t t e r n  le n g t h s .  A g a in ,  p r o ­

p o r t i o n s  shown ( . 7 6  and .75 )  a r e  above chance p e r fo rm a n c e .

A com par ison  o f  T a b le s  5 and 6 shows t h a t  t h e  p r a c t i c e d  Ss do 

s l i g h t l y  b e t t e r  on t h e  2 8 -e le m e n t  p a t t e r n  le n g th  th a n  do t h e  le s s  p r a c ­

t i c e d  S_s. However,  t h i s  b e t t e r  p e r fo rm an c e  i s  n o t  c o n s i s t e n t  and in  

t h e  16- and 2 0 - e le m e n t  p a t t e r n  le n g th s  t h e  p e r fo rm a n c e  o f  t h e  n a i v e  Ss



TABLE 5

MEAN PROPORTION CORRECT RESPONSES FOR EACH PATTERN LENGTH AT EACH 

ELEMENT POSITION FOR EXPERIMENTALLY NAIVE SUBJECTS (N = 10)

Number o f  
Spaces

E 1ement Pos i t  i on
r 2 3 A

4 .87 .87 .85 .85
1 2 .94 .94 .91 .91
16 .8 6 .86 .92 .92
20 .84 .84 .80 .80
28 .69 .69 .70 .70

TABLE 6

MEAN PROPORTION CORRECT RESPONSES FOR EACH PATTERN LENGTH AT EACH 

ELEMENT POSITION FOR EXPERIENCED SUBJECTS (N = 3)

Number o f  
Spaces

Element  P o s i t i o n
1 2 3 4

4 .96 .96 .91 .91
12 1 .0 1 .0 .96 .96
16 .96 .96 .79 .79
20 .83 .83 .79 .79
28 .76 .76 .75 .75
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s u rp a s s e s  t h a t  o f  t h e  e x p e r i e n c e d  S_s.

I t  s h o u ld  be no ted  a l s o  t h a t  bo th  groups pe r fo rm ed  b e s t  w i t h  t h e  

1 2 - e le m e n t  p a t t e r n  l e n g t h s .

Di scuss  ion

The f i n d i n g s  o f  t h e  p r e s e n t  e x p e r im e n t  s u g g e s t  t h a t  t h e  Ss a re  

c a p a b le  o f  s e e in g  t h e  ex t re m e  p o s i t i o n s  o f  each p a t t e r n  le n g th  employed 

in  E x p e r im e n t  I .  Thus ,  t h e  i m p l i c i t  s u p p o s i t i o n  made by Harcum (1969)  

i s  s u p p o r t e d .

A l th o u g h  t h e  da ta  i n d i c a t e  t h a t  most e x t re m e  s t i m u l i  a r e  responded 

t o  w i t h  f e w e s t  c o r r e c t  re spon ses ,  re s p o n d in g  b e h a v io r  does n o t  c o n s i s ­

t e n t l y  im prove  as t h e  p a t t e r n  le n g th  d e c re a s e s .  Indeed ,  t h e  12 -e lem en t  

le n g th  i s  rep roduce d  most a c c u r a t e l y  by bo th  groups o f  Ss. Such r e s ­

pon d in g  b e h a v i o r  s u g g e s ts  t h a t  s e n s i t i v i t y  f a c t o r s  a re  n o t  d e t e r m i n i n g  

wh ich  e le m e n ts  a r e  most  a c c u r a t e l y  r e p ro d u c e d .  Thus,  t h e  da ta  a re  con ­

s i s t e n t  w i t h  t h e  g e n e ra l  t h e o r e t i c a l  p o s i t i o n  ta k e n  in  t h i s  pape r .

The f i n d i n g s  o f  E x p e r im e n t  I wh ich  i n d i c a t e  no e n d - s e g r e g a t i o n  

f o r  t h e  2 0 -  and 2 8 - e le m e n t  p a t t e r n s  may n o t  be a t t r i b u t e d  t o  S s T i n ­

a b i l i t y  t o  see t h e  end e le m e n ts .  R a th e r ,  a more c o n s i s t e n t  i n t e r p r e ­

t a t i o n  s u g g e s ts  t h a t  poo r  response  p e r fo rm a n c e  f o r  t h e s e  end e lem en ts  

is  due t o  t h e  c o m p l e x i t y  o f  t h e  s t i m u l u s  a r r a y .



EXPERIMENT I I I 

Purpose o f  t h e  Study

The p r o p o r t i o n  c o r r e c t  d i s t r i b u t i o n s  f o r  t h e  2 8 -e le m e n t  p a t t e r n s  

in  E x p e r im e n t  I i n d i c a t e d  c o m p le t e l y  haphazard  p e r fo rm a n c e .  Such r e ­

s u l t s  d i d  n o t  ag ree  w i t h  p r e d i c t i o n s  made in  l i g h t  o f  Harcum’ s (1969) 

f i n d i n g s  in  wh ich  he used i d e n t i c a l  s t i m u l u s  p a t t e r n s .

I t  was reasoned t h a t  an e x p l a n a t i o n  o f  t h e  d a ta  m ig h t  be t h a t  

Harcum’ s S_s responded on t e m p la t e s  wh ich  had a smal I ’’+ ”  m arke r  l o ­

c a te d  in  t h e  c e n t e r  o f  t h e  response  p a t t e r n  whereas Ss in  E x p e r im e n t  I 

had no such c e n t e r  m a rk e r .  Thus,  i t  was p o s s i b l e  t h a t  because o f  a 

l a c k  o f  r e f e r e n c e  p o i n t  on t h e  response  t e m p l a t e  c o r r e s p o n d in g  t o  t h e  

f i x a t i o n  p o i n t  on t h e  s t i m u l u s  p a t t e r n ,  Ss were una b le  t o  l o c a l i z e  

t h e i r  r espon ses .

E x p e r im e n t  I I I was des igned  t o  t e s t  t h e  h y p o t h e s i s  t h a t  E x p e r im e n t  

I was una b le  t o  rep I i c a t e  Harcum1s (1969)  f i n d i n g s  due t o  a p r o c e d u ra l  

d i f f e r e n c e ,  _i_. e_. , no c e n t e r  m a rke r  on t h e  response  s h e e t .  Thus,  in  

E x p e r im e n t  I I I  t h e  r e s p o n s e - r e c o r d i n g  s h e e ts  c o n s i s t e d  o f  a row o f  

t w e n t y - e i g h t  b l a n k  ze ros  b i s e c t e d  by a sm a l l  T,+ , "  wh ich  r e p re s e n te d  

t h e  f i x a t i o n  c r o s s .  Us ing t h i s  t y p e  o f  response  fo rm ,  i t  was hypo­

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

as a f u n c t i o n  o f  e le m e n t  p o s i t i o n  wou ld  show an i n c r e a s e  in  c o r r e c t ,  

responses nea r  fovea  I f i x a t i o n .

Method

S u b je c ts
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The Ss were  t h i r t e e n  r i g h t - h a n d e d  women u n d e rg ra d u a te  s t u d e n t s  o f  

The Col lege o f  W i l l i a m  and Mary .  Th ree  o f  t h e s e  Ss were t h o s e  who 

p a r t i c i p a t e d  in  bo th  E xp e r im e n ts  I and I I .  The re m a in in g  te n  Ss were 

e x p e r i m e n t a l l y  n a i v e .  Each S_was p a id  f o r  h e r  s e r v i c e s  and each had 

2 0 - 2 0  v i s i o n  o r  b e t t e r .

A p pa ra tu s

The t a c h i s t o s c o p e  and t h e  2 8 -e le m e n t  p a t t e r n s  were i d e n t i c a l  t o  

t h o s e  used in  E x p e r im e n t  I .  However,  t h e  r e s p o n s e - r e c o r d i n g  sh e e ts  

d i f f e r e d  i n t h a t  t h e  row o f  28 z e ro s  was b i s e c t e d  by a smal I " + , 11 

which  r e p r e s e n t e d  t h e  f i x a t i o n  c r o s s .

P rocedu re

The 2 8 - e le m e n t  p a t t e r n s  were p r e s e n te d  e x a c t l y  as t h e y  were p r e ­

sen ted  in  t h e  s e q u e n t i a l  c o n d i t i o n  o f  E x p e r im e n t  i .  B e fo r e  each s e s ­

s i o n ,  Ss were asked t o  read  an i n s t r u c t i o n  s h e e t  d e s c r i b i n g  t h e  ex ­

p e r im e n ta l  t a s k  (see Append ix  B ) .  E x p e r im e n ta l  s e s s io n s  c o n s i s t e d  o f  

t e n  p r a c t i c e  t r i a l s  and f o r t y  t e s t  e x p o s u re s .  S ess ions  l a s t e d  a p p r o x i ­

m a te ly  f o r t y  m in u t e s .

P roced u res  c o n c e r n in g  eye movement r e c o r d i n g s  and s c o r i n g  were 

i d e n t i c a l  t o  t h o s e  o f  E x p e r im e n t  I .

Res uI t s

The d a ta  were p l o t t e d  s e p a r a t e l y  f o r  t h e  e x p e r im e n ta I  Iy n a i v e  and 

e x p e r i e n c e d  S_s. F i g u r e  6  shows t h e  mean p r o p o r t i o n  o f  c o r r e c t  respon ­

ses a t  each e le m e n t  p o s i t i o n  f o r  bo th  g roups  o f  S_s. I t  i s  a p p a r e n t  

f rom  t h i s  f i g u r e  t h a t  n e i t h e r  g roup o f  Ss responded d i f f e r e n t i a l l y  f o r  

any g i v e n  e lem e n t  p o s i t i o n s .  The c u r v e s  i n d i c a t e  chance p e r fo rm a n c e .

F ig u r e  7 shows . the mean p r o p o r t i o n  o f  e r r o r s  o f  commiss ion  a t  

each e le m e n t  p o s i t i o n  f o r  bo th  g ro u p s .  T h i s  f i g u r e  c l e a r l y  i n d i c a t e s



FIGURE 6

MEAN PROPORTION CORRECT RESPONSES AT EACH ELEMENT POSITION
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FIGURE 7

• MEAN PROPORTION COMMISSION ERRORS AT EACH ELEMENT POSITION
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t h a t  t h e  Ss were r e s p o n d in g  less  t o  t h e  c e n t e r  4 b i n a r y  e le m e n ts .  A l ­

though  t h i s  e f f e c t  i s  shown f o r  bo th  g roups  o f  S_s, t h e  n a i v e  S_s respon­

ded less  a t  t h e s e  p o s i t i o n s  than  d i d  t h e  e x p e r i e n c e d  S s .

Di scuss  i on

The mean p r o p o r t i o n  o f  c o r r e c t  responses  s u g g e s ts  chance p e r f o r m ­

ance a t  a l l  e le m e n t  p o s i t i o n s .  Such r e s u l t s  a re  c l e a r l y  i n c o n s i s t e n t  

w i t h  t h e  p r e d i c t i o n  t h a t  t h e r e  wou ld  be an in c r e a s e  in  c o r r e c t  respon­

ses a b o u t  fovea  I f i x a t i o n .

Upon i n s p e c t i o n  o f  t h e  e r r o r  d i s t r i b u t i o n  c u r v e s ,  in  wh ich  e r r o r s  

o f  commiss ion  were t a b u l a t e d  and p l o t t e d  s e p a r a t e l y ,  i t  was no ted  t h a t  

Ss were n o t  re s p o n d in g  t o  t h e  f o v e a l l y  l o c a te d  s t i m u l i .  Such respond­

in g  b e h a v io r  i s  i n c o n g ru o u s  w i t h  t h e  t h e o r e t i c a l  a rguments  made above 

as we I I as c o n t r a r y  t o  any common sense n o t i o n  o f  w h a t  m ig h t  be expec­

t e d  .

The r e l a t i v e  absence o f  c o r r e c t  responses  as w e l I  as e r r o r s  o f  

commiss ion  among c e n t e r  e lem en ts  s u gg es te d  t h a t  f o r  some re a s o n ,  e i t h e r  

Ss were n o t  s e e in g  t h e s e  e le m e n t s ,  o r ,  i f  t h e y  were s e e in g  them,  t h e y  

were n o t  r e s p o n d in g  c o r r e c t l y .  A p o s s i b l e  cause f o r  such a phenomenon 

seemed t o  l i e  in  a t em p o ra l  mask ing  due t o  t h e  f i x a t i o n  m a r k e r . *

* P e t e r  L. D e rk s — p ers on a l  c o m m u n ic a t io n .



EXPERIMENTS IV AND V 

Purpose o f  t h e  S tu d ie s

Both E xp e r im e n ts  I and I I I  y i e l d e d  p r o p o r t i o n  c o r r e c t  d i s t r i b u ­

t i o n s  f o r  t h e  2 8 -e le m e n t  p a t t e r n s  wh ich  i n d i c a t e d  chance p e r fo rm a n c e .  

P r e d i c t i o n s  made f rom  Harcum’ s (1969)  r e s u l t s  in  wh ich he used i d e n t i ­

c a l  s t i m u l i ,  f i n d  no s u p p o r t  in  t h e s e  d a t a .  Nor do t h e y  s u p p o r t  t h e  

h y p o t h e s i s  in  E x p e r im e n t  I I I  wh ich  sugges ted  t h a t  t h e  chance p e r f o r m ­

ance found  in  E x p e r im e n t  I was due t o  S s ’ n o t  h a v in g  a r e f e r e n c e  p o i n t  

on t h e  response s h e e t  c o r re s p o n d  i ng t o  t h e  f i x a t i o n  m arke r .

E xp e r im e n ts  IV and V were des igne d  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  

t h a t  t h e  n e g a t i v e  r e s u l t s  found in  E xp e r im e n ts  I and I I I ,  u t i l i z i n g  

2 8 -e le m e n t  p a t t e r n  l e n g t h s ,  m ig h t  be e x p l a i n e d  in  te rm s  o f  a tem p o ra l  

mask ing caused by t h e  f i x a t i o n  m a rk e r .  Thus ,  t h e  p r e s e n t  e x p e r im e n ts  

u t i l i z e d  a much s m a l l e r  f i x a t i o n  m a rk e r  so as t o  m in im i z e  t h e  p o s s i ­

b i l i t y  o f  such a mask ing e f f e c t .

Method: E x p e r im e n t  IV

S u b je c t s

The Ss were e i g h t  r i g h t - h a n d e d  women u n d e rg ra d u a te  s t u d e n t s  o f  

The Col lege o f  Wi I I iam and Mary.  Three  o f  t h e s e  S_s were t h o s e  who 

p a r t i c i p a t e d  in  E x p e r im e n ts  I ,  I I  and I I I .  The r e m a in in g  f i v e  Ss were 

e x p e r i m e n t a l l y  n a i v e .  Each S_was p a i d  f o r  h e r  s e r v i c e s  and each had 

2 0 - 2 0  v i s i o n  o r  b e t t e r .

Ap pa ra tu s

The t a c h i s t o s c o p e ,  t h e  2 8 - e le m e n t  p a t t e r n s  and t h e  re s p o n s e -
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r e c o r d i n g  s h e e ts  were i d e n t i c a l  t o  t h o s e  used in  E x p e r im e n t  I I I .  How­

e v e r ,  t h e  f i x a t i o n  m arke r  i n  t h e  p r e s e n t  e x p e r im e n t  was a v e ry  sm a l l  

" x "  c o n s i s t i n g  o f  two  2  mm l i n e s  lo c a te d  in  t h e  c e n t e r  o f  t h e  p r e - e x ­

p o s u re  f i e l d  ( t h e  p r e v i o u s  f i x a t i o n  marke r  c o n s i s t e d  o f  two  5 mm l i n e s ) .  

P roc ed u re

The p ro c e d u re s  f o l l o w e d  were i d e n t i c a l  t o  t h o s e  o f  E x p e r im e n t  i l l .

Method: E x p e r im e n t  V

S u b je c t s

The Ss were e i g h t  r i g h t - h a n d e d  women u n d e rg ra d u a te  s t u d e n t s  o f  

The C o l l e g e  o f  W i l l i a m  and Mary .  Th ree  o f  t h e s e  S_s were th o s e  who p a r ­

t i c i p a t e d  in  t h e  p r e v i o u s  f o u r  e x p e r i m e n t s . The r e m a in in g  f i v e  S_s were 

e x p e r i m e n t a l l y  n a i v e .  Each S_ was p a id  f o r  h e r  s e r v i c e s  and each had 

2 0 - 2 0  v i s i o n  o r  b e t t e r .

A ppa ra tus

The t a c h  i s t o s c o p e ,  and t h e  1 2 -e le m e n t  . s t i  mu-I us p a t t e r n s  were id e n ­

t i c a l  t o  t h o s e  used in  t h e  S e q u e n t i a l  C o n d i t i o n  o f  E x p e r im e n t  I .  The 

f i x a t i o n  m a rk e r  was i d e n t i c a l  t o  t h a t  used i n  E x p e r im e n t  IV,  The 

r e s p o n s e - r e c o r d i n g  s h e e t  p a t t e r n s  c o n s i s t e d  o f  t w e l v e  ze ros  b i s e c t e d  

by a sm a l I  " + "  m a rk e r .

P rocedu re

The p r o c e d u re s  f o l l o w e d  were i d e n t i c a l  t o  t h o s e  o f  Exp e r im e n ts  I I I 

and IV.

Res uI t s

The d a ta  f rom  E x p e r im e n ts  IV and V were a n a ly z e d  t o g e t h e r .  The 

r e s u l t s  showed t h a t  t h e  le n g th  o f  t h e  p a t t e r n  and e c c e n t r i c i t y  were 

s i g n i f i c a n t  f a c t o r s .  The s i z e  o f  t h e  f i x a t i o n  marke r  was found t o  s i g ­

n i f i c a n t l y  i n t e r a c t  w i t h  bo th  p a t t e r n  le n g th  and e c c e n t r i c i t y .  I t  was



a l s o  found t h a t  bo th  I a t e r a I i t y  and e n d - s e g r e g a t i o n  were  s i g n i f i c a n t  

f a c t o r s .  These a l s o  i n t e r a c t e d  s i g n i f i c a n t l y .

F i g u r e  8  p r e s e n t s  t h e  mean p r o p o r t i o n  o f  c o r r e c t  res pon s es ,  a t  

each o f  t h e  2 8 - e le m e n t  p o s i t i o n s  f o r  g roup  2 ( t h e  e x p e r i e n c e d  S_s) and 

f o r  group 3 ( t h e  e x p e r i m e n t a l l y  n a i v e  S_s). ( A l s o  p r e s e n te d  in  t h i s  

f i g u r e  i s  t h e  response  d i s t r i b u t i o n  t o  t h e  2 8 - e le m e n t  p a t t e r n  o b t a i n e d  

in  E x p e r im e n t  I .  Group 1 c o n s i s t s  o f  t h e  e x p e r i e n c e d  S_s p e r f o r m in g  

w i t h  a l a r g e  f i x a t i o n  m a r k e r . )  As is  a p p a r e n t  in  F i g u r e  8 , bo th  

g roups 2 and 3 pe r fo rm e d  c o n s i d e r a b l y  b e t t e r  t o  t h e  c e n t e r  s t i m u l i  

th a n  di  d g roup 1 .

F i g u r e  9 p r e s e n t s  t h e  mean p r o p o r t i o n  o f  c o r r e c t  re spon ses ,  a t  

each o f  t h e  12 -e lem en t  p o s i t i o n s ,  f o r  g roup  2 ( t h e  e x p e r i e n c e d  S_s) and 

f o r  g roup  3 ( t h e  e x p e r i m e n t a l l y  n a i v e  S_s) .  (Al  so p r e s e n te d  i n t h i s  

f i g u r e  i s  t h e  response  d i s t r i b u t i o n  t o  t h e  1 2 - e le m e n t  p a t t e r n  o b t a i n e d  

in  E x p e r im e n t  I .  Group 1 c o n s i s t s  o f  t h e  e x p e r i e n c e d  Ss p e r f o r m in g  

w i t h  a l a rg e  f i x a t i o n  m a r k e r . ) As i s  a l s o  a p p a r e n t  in  F ig u r e  9 ,  bo th  

g roups  2 and 3 p e r fo rm ed  c o n s i d e r a b l y  b e t t e r  t o  t h e  c e n t e r  s t i m u l i  

t h a n  d i d  group 1 .

A t h r e e  f a c t o r ,  f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e  was pe r fo rm ed  on 

t h e  mean p r o p o r t i o n  o f  c o r r e c t  responses  a t  d i f f e r e n t  e le m e n t  p o s i ­

t i o n s .  T h i s  f i r s t  a n a l y s i s  c o n s id e r e d  t h e  responses  o f  t h e  e x p e r i ­

enced S_s t o  t h e  12-  and 2 8 -e le m e n t  p a t t e r n s  under  bo th  t h e  sm a l l  and 

la rg e  f i x a t i o n  m arke r  c o n d i t i o n s .  The t h r e e  f a c t o r s  t e s t e d  were :  

s i z e  o f  t h e  f i x a t i o n  m a rke r  ( A ) ,  p a t t e r n  le n g th  ( B ) ,  and e c c e n t r i c i t y  

( C ) .  T a b le  7 p r e s e n t s  t h e  summary t a b l e  f o r  t h i s  a n a l y s i s .  As can be 

seen f rom  t h i s  t a b l e ,  p a t t e r n  le n g th  was a s i g n i f i c a n t  v a r i a b l e  (F^ ^

= 3 0 .8 4 ,  p < . 0 5 ,  r m > . 9 ) .  A s i g n i f i c a n t l y  l a r g e r  p r o p o r t i o n  o f



FIGURE 8

MEAN PROPORTION CORRECT RESPONSES AT EACH ELEMENT POSITION 

FOR THE 28-ELEMENT PATTERN
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FIGURE 9

MEAN PROPORTION CORRECT RESPONSES AT EACH ELEMENT POSITION 

FOR THE 12-ELEMENT PATTERN
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TABLE 7

ANALYSIS OF VARIANCE SUMMARY TABLE 

FOR SIZE OF FIXATION MARKER, PATTERN LENGTH, AND ECCENTRICITY

Source d f MS ' F

S u b je c t s 2

S iz e  o f  F i x a t i o n  M arke r  (A) 1 75 .44 4.1 1
E r r o r 2 18.37

P a t t e r n  Length  (B) 1 112.25 30 .84  p < .05
E r r o r 2 3 .6 4

E c c e n t r i c i t y  (C) 5 72 .75 7 .00  p < .01
E r r o r 1 0 10.39

A X B 1 1 .30 .31
E r r o r 2 4 .2 4

A X C 5 47 .2 5 4 .6 5  p < .05
E r r o r 10 10. 17

B X C 5 24 .99 4 .4 4  p < ' . 0 5
E r r o r 1 0 5 .6 3

A X B X C 5 9 . 6 7 1 .34
E r r o r 1 0 7 .2 3

T o t a l 71

51
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c o r r e c t  responses  was made t o  t h e  1 2 - e le m e n t  p a t t e r n .

As shown in  T a b le  7,  t h e  e c c e n t r i c i t y  (C) f a c t o r  was a l s o  s i g n i f i ­

c a n t  (F^ = 7 . 0 0 ,  p < . 0 1 ,  r m > . 9 ) .  T h i s  f a c t o r  c o n s i s t s  o f  t h r e e

mean s c o re s  on e i t h e r  s i d e  o f  f i x a t i o n .  The f i r s t  mean s c o r e  c o n s i s t s  

o f  c o r r e c t  responses t o  t h e  two  l e f t - e n d  e le m e n t  p o s i t i o n s ;  t h e  second 

c o n s i s t s  o f  c o r r e c t  responses  t o  e le m e n ts  between t h e  two l e f t - e n d  

e lem en ts  and t h e  two  e lem en ts  t o  t h e  immedia te  l e f t  o f  f i x a t i o n ;  and 

t h e  t h i r d  mean s c o r e  c o n s i s t s  o f  c o r r e c t  responses t o  t h e  two e lem en ts  

t o  t h e  immedia te  l e f t  o f  f i x a t i o n .  Mean s c o re s  t o  t h e  r i g h t  o f  f i x a ­

t i o n  were d e r i v e d  in  a l i k e  manner.  F i g u r e  10 p r e s e n ts  t h e  mean p r o ­

p o r t i o n  c o r r e c t  responses  f o r  d i f f e r e n t  e c c e n t r i c i t i e s .  I t  i s  c l e a r  

f rom  t h i s  c u r v e  t h a t  t h e  c e n t r a l l y  lo c a te d  e lem en ts  were responded t o  

most a c c u r a t e l y .  The end e lem en ts  were rep roduced  l e a s t  a c c u r a t e l y  

w i t h  p e r fo rm an ce  on t h e  l e f t  end s 1 i g h t l y  b e t t e r  th a n  t h a t  on t h e  r i g h t .

M u l t i p l e  t - t e s t s  were pe r fo rm e d  c om par ing  d i f f e r e n c e s  between mean 

c o r r e c t  respon ses .  The t - v a I u e s  f o r  a l l  p o s s i b l e  com par isons  a re  p r e ­

s e n te d  in  T a b le  8 . As shown in  t h i s  t a b l e ,  responses t o  t h e  two  e l e ­

ments on e i t h e r  s i d e  o f  f i x a t i o n  a re  s i g n i f i c a n t l y  d i f f e r e n t  f rom  bo th  

t h e  r i g h t - c e n t e r  e lem e n ts  Ct^Q = 4 ,1 4  and 3 . 9 2 ,  p < .01) and t h e  r i g h t -  

end e lem e n ts  ( t^Q  = 4 .3 9  and 4 . 1 7 ,  p < . 0 1 ) ,  r e s p e c t i v e l y .  Responses 

t o  t h e  l e f t - e n d  e lem en ts  and t h e  l e f t - c e n t e r  e lem en ts  a l s o  s i g n i f i c a n t l y '  

d i f f e r e d  f rom  t h o s e  t o  t h e  two  e lem e n ts  t o  t h e  l e f t  o f  f i x a t i o n  (t-|Q =

2 .4 6  and 2 . 4 2 ,  p < . 0 5 ) .  I t  i s  a l s o  a p p a r e n t  t h a t  responses  t o  t h e  

l e f t - e n d  e lem e n ts  s i g n i f i c a n t  Iy d i f f e r e d  f rom  th o s e  t o  t h e  two e lem en ts  

t o  t h e  r i g h t  o f  f i x a t i o n  ( t jq = 2 . 2 4 ,  p < . 0 5 ) .

T a b le  7 a l s o  shows t h a t  t h e  s i z e  o f  t h e  f i x a t i o n  m a rk e r  (A) s i g n i ­

f i c a n t l y  i n t e r a c t e d  w i t h  e c c e n t r i c i t y  (C) ( F^ ^  = 4 . 6 5 ,  p < . 0 5 ,



FIGURE 10

MEAN PROPORTION CORRECT RESPONSES AT DIFFERENT ECCENTRICITIES

FOR BOTH PATTERN LENGTHS
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TABLE 8

t  VALUES COMPARING DIFFERENCES BETWEEN LEVELS'OF ECCENTRICITY ( C . - C . )I 6

c .l C2 S C4 C5 C6

C l -------  .045 2 . 4 6 * 2 . 2 4 * 1 . 6 8 1 .92

C 2
------- 2 . 4 2 * 2 . 19 1 .73 1 .97

C3
------- .219 4 . 1 4 * * 4 . 3 9 * *

C4
'------- . 3 . 9 2 * * 4 . 1 7 * *

c K ------- .242

C
6

*p  < .05
* * p  < . 0 1
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r m > . 9 ) .  M u l t i p l e  t - t e s t s  were  pe r fo rm e d  com par ing  d i f f e r e n c e s  between 

mean c o r r e c t  responses  a t  l e v e l s  o f  A and C. The t - v a I u e s  f o r  a l l  pos­

s i b l e  com pa r iso ns  a r e  p r e s e n te d  in  T a b le  9 .  I t  i s  a p p a r e n t  f rom  t h i s  

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

e le m e n ts ,  w i t h  t h e  s m a l l  f i x a t i o n  m a rke r .  T he re  a r e  a l s o  some s i g n i f i ­

c a n t  d i f f e r e n c e s  between t h e  c e n t e r  e lemen ts  and t h e  r i g h t - e n d  e lem en ts  

w i t h  t h e  s m a l l  f i x a t i o n  m a rk e r .

The p a t t e r n  le n g th  (B) by e c c e n t r i c i t y  (C) i n t e r a c t i o n  i s  a l s o  s i g ­

n i f i c a n t  ( Fcj io  = 4 . 4 4 ,  p < . 0 5 ,  r m > . 9 ) .  M u l t i p l e  t - t e s t s  were p e r ­

formed c om par ing  d i f f e r e n c e s  a t  l e v e l s  o f  B and C. The t - v a l u e s  f o r  a l l  

p o s s i b l e  com par isons  a r e  p re s e n te d  in  T a b le  10.

A second t h r e e  f a c t o r ,  f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e  was pe r fo rm ed  

on t h e  mean p r o p o r t i o n  o f  c o r r e c t  responses  a t  d i f f e r e n t  e lem e n t  p o s i ­

t i o n s .  T h i s  a n a l y s i s  c o n s id e r e d  t h e  responses  o f  e x p e r i m e n t a l l y  n a i v e  

S_s t o  t h e  1 2 -e lem en t  and t h e  2 8 - e le m e n t  p a t t e r n s  u s in g  a sm a l l  f i x a t i o n  

m a rke r .  The t h r e e  f a c t o r s  t e s t e d  we re :  p a t t e r n  le n g th  ( A ) ,  l a t e r a l i t y

(B) and e n d - s e g r e g a t i o n  (C ) .  T a b le  11 p r e s e n ts  t h e  summary t a b l e  f o r  

t h i s  a n a l y s i s .

As shown in  T a b le  11, t h e  l a t e r a l i t y  (B) f a c t o r  was s i g n i f i c a n t  

C Fi  g = 11 .95 ,  p < .0 1 ,  r m > . 7 5 ) .  The re  were s i g n i f i c a n t l y  more c o r ­

r e c t  responses  made t o  e lem en ts  t o  t h e  l e f t  o f  f i x a t i o n  as compared t o  

t h e  r i g h t .  The e n d - s e g r e g a t i o n  CC) f a c t o r  i s  a l s o  s i g n i f i c a n t  ( F2  1 5  

= 10 .95 ,  p < . 0 1 ,  r m > . 7 5 ) .  T h i s  f a c t o r  c o n s id e r e d  t h r e e  mean s c o r e s .

The f i r s t  c o n s i s t e d  o f  c o r r e c t  responses  t o  t h e  two  l e f t - e n d  e le m e n ts .

The second c o n s i s t e d  o f  c o r r e c t  responses  t o  e lem en ts  b e t w e e n . th e  two 

l e f t - e n d  and t h e  two  r i g h t - e n d  e lem e n ts  and t h e  t h i r d  mean c o n s i s t e d  o f  

c o r r e c t  responses  t o  t h e  two r i g h t - e n d  e le m e n ts .  M u l t i p l e  t - t e s t s  were
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TABLE I I

ANALYSIS OF VARIANCE SUMMARY TABLE 

FOR PATTERN LENGTH, LATERALITY AND END-SEGREGATI ON

Source d f MS F

Between S u b je c t s 9

P a t t e r n  Length  (A) 1 47 .5 2 3 .27
S u b je c t s  W i t h i n  Groups 8 14.53

W i t h i n  S u b je c t s 50

L a t e r a 1i t y  (B) 1 16.01 I I .95 p < .01
A X B 1 .8 3 .62
B X S u b je c t s  W i t h i n  Groups 8 1 .34

E n d -S e g r e g a t i o n  (C) 2 6 7 .88 10.95 p < .01
A X C 2 19.42 3. 13
C X S u b je c t s  W i t h i n  Groups 16 6 .2 0

B X C 2 141.39 9 .0 3  p < .01
A X B X C 2 2 5 .74 1 .64
B X C X S u b je c t s  W i t h i n  Groups 16 15.65

T o t  a 1 59

58
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pe r fo rm e d  t o  i n v e s t i g a t e  t h e  d i f f e r e n c e s  between th e s e  means and th e y  

showed t h a t  c o r r e c t  responses  t o  t h e  m id d le  e lem en ts  were s i g n i f i c a n t l y  

g r e a t e r  th a n  t h o s e  t o  t h e  l e f t - e n d  e lem en ts  ( t ^ g  = 6 . 5 3 ,  p < .01 )  and t o  

t h o s e  o f  t h e  r i g h t - e n d  e lem e n ts  ( t - j g  = 7 . 2 8 ,  p < . 0 1 ) .

I t  i s  a l s o  a p p a r e n t  in  T a b le  11 t h a t  t h e r e  i s  a s i g n i f i c a n t  i n t e r ­

a c t i o n  16 = 9 . 0 3 ,  p < .0 1 ,  r m > .7 )  between t h e  l a t e r a l i t y  (B) and

e n d - s e g r e g a t i o n  (C) f a c t o r s .  M u l t i p l e  t - t e s t s  were pe r fo rm ed  t o  com­

p a re  t h e  means in v o l v e d  in  t h i s  i n t e r a c t i o n .  T a b le  12 p r e s e n ts  t - v a l u e s  

f o r  a l l  p o s s i b l e  com pa r iso ns  among t h e s e  means.

Di scuss  i on

28 -E Iem en t  P a t t e r n

The f i n d i n g s  o f  t h e  p r e s e n t  e x p e r im e n ts  c l e a r l y  s u p p o r t  t h e  i n t e r ­

p r e t a t i o n  o f  t h e  r e s u l t s  found  in  E xp e r im e n ts  I and I I I  wh ich  s u g g e s ts  

t h a t  t h e  o b t a i n e d  response  d i s t r i b u t i o n s  were caused by a tem pora l  

mask ing due t o  t h e  la rg e  f i x a t i o n  m a rk e r .  T h i s  t em p o ra l  masking is 

p r o b a b l y  enhanced by s p a t i a l  mask ing  in wh ich  t h e  o u t l i n e s  o f  a l l  e l e ­

ments m u t u a l l y  i n h i b i t  one a n o t h e r .  Such an i n t e r p r e t a t i o n  is  c o n s i s ­

t e n t  w i t h  Woodworth and S c h lo s b e r g ' s  (1954)  f o r m u l a t i o n s .

When, a s m a l l e r  f i x a t i o n  m a rk e r  was employed t h e  response ac c u rac y  

f o r  t h e  f o v e a l l y  lo c a te d  e lem e n ts  o f  t h e  2 8 -e le m e n t  p a t t e r n  in c re a s e d  

a p p r e c i a b l y .  However,  i t  s h o u ld  be noted t h a t  a l t h o u g h  response  accu­

ra c y  f o r  t h e  f o v e a l i y  l o c a te d  s t i m u l i  i n c r e a s e d ,  responses  t o  t h e  more 

ex t re m e  e lemen ts  remained s y m m e t r i c a l  and a t  chance p e r fo rm a n c e .

The r e p l i c a t i o n  o f  t h e  e f f e c t  o f  f o v e a l  f a c i l i t a t i o n  and t h e  e l i ­

m i n a t i o n  o f  e n d - t o - e n d  s c a n n in g  w i t h  t h e  2 8 -e le m e n t  p a t t e r n ,  u s in g  n a iv e  

S_s, i n d i c a t e s  t h a t  such a response  d i s t r i b u t i o n  is  n o t  un ique  t o  t h e  

w e l l - p r a c t i c e d  Ss used in  t h e  p r e v i o u s  e x p e r im e n ts .  R a th e r ,  i t  s ug g es ts



TABLE 12

t  VALUES COMPARING DIFFERENCES BETWEEN LEVELS OF LATERALITY 

(B j -  l e f t ,  B.2~ r i g h t )  AND END-SEGREGAT 1 ON ( C j -  l e f t ,  C2~ m id d l e ,  C ^- r i g h t )

B | c  | B |C2 B| C3 B2C I B2C2 B2C3

B l c l ------- .073 3 . 53* * 2 . 40* .746 .197

B , C2
3 . 45* * 2 . 33* .819 .124

B | C3
------- 1.13 4 . 28* * 3 . 33* *

B2° l
------- 3 . 15* * 2 . 20*

B2C2

B2C3

.944

*p  < .05
* * p  < .01

6 0



t h a t  S_s a re  unab le .- to -  use any mechanism o f  e n d - t o - e n d  s c a n n in g  because 

t h e  c o m p le x i t y  o f  t h e  s t i m u l u s  r e n d e rs  t h e  ends o f  t h e  p a t t e r n  v i r t u ­

a l l y  beyond t h e  range o f  e f f e c t i v e  v i s i o n .  S in c e  t h e r e  we re ,  in  e f f e c t ,  

no ends wh ich  c o u l d  s e r v e  as r e f e r e n c e  p o i n t s ,  S_s were l e f t  w i t h  t h e  

f i x a t i o n  m a rk e r  as t h e i r  o n l y  r e f e r e n c e  p o i n t .  P resum ab ly ,  t h e  hypo­

t h e s i z e d  s c a n n in g  mechanism has no d i r e c t i o n a I i t y  f rom  t h e  c e n t e r  r e ­

f e r e n c e  m a rk e r  and t h u s  l a t e r a l i t y  d i f f e r e n c e s  in  re s p o n d in g  a r e  e l i ­

m in a te d .  Harcum (1969)  h y p o th e s i z e s  t h a t  p e r c e p tu a l  r e s u l t s ,  such as 

th o s e  o b t a i n e d  in  t h e  p r e s e n t  s t u d y ,  s h o u ld  be s i m i l a r  t o  t h o s e  o b t a i n e d  

w i t h  t h e  p r e s e n t a t i o n  o f  a l l  e lem en ts  e n t i r e l y  t o  e i t h e r  t h e  l e f t  o r  

r i g h t  o f  f i x a t i o n  in  s e p a r a te  expo su res  (Camp and Harcum, 1964) .  In ­

deed,  t h e  p r e s e n t  f i n d i n g s  s u b s t a n t i a t e  t h e s e  p r e d i c t i o n s  and show 

e q u a l i t y  o f  e r r o r s  t o  t h e  l e f t  and r i g h t  o f  f i x a t i o n .

A l th o u g h  t h e  r e s u l t s  c o r r o b o r a t e  Harcum’ s (1969)  f i n d i n g s ,  bo th  

g roups  p e r f o r m in g  w i t h  a sm a l l  f i x a t i o n  m arke r  show a s t r o n g e r  fovea I 

f a c i l i t a t i o n  than  d i d  Marcum’ s S_s. I t  is  n o t  d i f f i c u l t  t o  e x p l a i n  t h i s  

s t r o n g e r  e f f e c t ;  S_s in  t h e  p r e s e n t  e x p e r im e n ts  had more s t r i n g e n t  con­

t r o l s  on t h e i r  f i x a t i o n  a c c u ra c y  th a n  S_s in  p r e v io u s  s t u d i e s .  Thus, i t  

i s  r e a s o n a b le  t o  assume t h a t  because o f  t h e s e  c o n t r o l s  t h e  S_s were more 

l i k e l y  t o  be a t t e n d i n g  t o  f i x a t i o n  upon s t i m u l u s  p r e s e n t a t i o n .  Indeed ,  

t h i s  was a n e ce ssa ry  c o n d i t i o n  f o r  s t i m u l u s  p r e s e n t a t i o n .

Klemmer’ s (1953)  f i n d i n g s  a re  a l s o  c o n s i s t e n t  w i t h  t h o s e  o f  t h e  

p r e s e n t  s t u d y .  He o b t a i n e d  s i m i l a r ,  response d i s t r i b u t i o n  cu rv e s  by 

u s in g  b i n a r y  l i g h t s  and p o s t s t i m u l u s  cues .  However,  h i s  r e s u l t s  d i f ­

f e r e d  in  t h a t  he found  g r e a t e r  a c c u r a c y ,  e s p e c i a l l y  f o r  t h e  ex t rem e 

l e f t  e lem en ts  as compared t o  t h o s e  on t h e  ex t re m e  r i g h t .
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12-E lem en t  P a t t e r n

The response  d i s t r i b u t i o n s  o b t a i n e d  f o r  t h e  12 -e lem en t  p a t t e r n  

were  a l s o  a f f e c t e d  by t h e  s i z e  o f  t h e  f i x a t i o n  m a rk e r .  C l e a r l y ,  t h e  

fovea I Iy I o c a te d  e le m e n ts  were  responded t o  more a c c u r a t e l y  w i t h  t h e  

s m a l l e r  m a rk e r .  However,  a c c u ra c y  f o r  t h e s e  e lem e n ts  was n o t  as g r e a t  

as i t  was in  t h e  l o n g e r  p a t t e r n  l e n g t h .  T h i s  s u g g e s ts  t h a t  because t h e  

2 8 - e l e m e n t  p a t t e r n  had no o t h e r  r e f e r e n c e  p o i n t s  b e s id e s  t h e  f i x a t i o n  

m a rk e r ,  t h e  S_’ s a t t e n t i o n  was c o n c e n t r a t e d  more on t h i s  c e n t e r  m arke r  

t h a n  i t  was f o r  t h a t  o f  t h e  s h o r t e r  p a t t e r n s .

I t  a l s o  s h o u ld  be n o te d  t h a t  t h e  e n d - t o - e n d  s c a n n in g  o f  t h e  1 2 - e l e ­

ments was n o t  d e t r i m e n t a I l y  a f f e c t e d  by t h e  s m a l l e r  f i x a t i o n  m a rk e r .  

Indeed ,  p e r fo rm a n c e  on n e a r l y  a l l  e le m e n t  p o s i t i o n s  was improved w i t h  

t h e  s m a l l e r  m a rk e r .  T h i s  s u g g e s ts  t h a t  t h e  a d d i t i o n a l  r e f e r e n c e  p o i n t  

makes a l l  t h e  i n f o r m a t i o n  p r e s e n t  in t h e  1 2 -e lem en t  p a t t e r n  more amen­

a b l e  f o r  p r o c e s s i n g  in  s h o r t  t e rm  memory. These r e s u l t s  c o r r o b o r a t e  

W h i t e ’ s (1970b)  p r e d i c t i o n s  t h a t  s t i m u l i  a p p e a r in g  a t  t h e  ends o f  a 

I i n e  and in  fovea  I l y  p r o x im a t e  p o s i t i o n s  w i l l  e s t a b l i s h  s t r o n g e r  mem­

o r y  t r a c e s  than  s t i m u l i  in  i n t e r m e d i a t e  p o s i t i o n s .



•GENERAL DISCUSSION AND CONCLUSIONS

Mneumon i c F a c t o r s

The f o r e g o i n g  e x p e r im e n ts  c o r r o b o r a t e  p r e v io u s  f i n d i n g s  (e_. g_., Harcum, 

1964) t h a t  s u g g e s t  mnemonic r a t h e r  th a n  s e n s i t i v i t y  f a c t o r s  a re  r e s p o n s i ­

b l e  f o r  a SH s a c c u ra c y  in  t h e  r e p r o d u c t i o n  o f  b i n a r y  p a t t e r n s .  Response 

d i s t r i b u t i o n s  t o  d i f f e r e n t  p a t t e r n  le n g th s  i n d i c a t e  t h a t  t h e  p rocesse s  

o f  i n f o r m a t i o n  t r a n s l a t i o n  and s t o r a g e  a re  c o n t i n g e n t  upon a number o f  

such f a c t o r s  w h ich  a r e  i n t e r d e p e n d e n t .

The g e n e r a l  phenomenon s t u d ie d  was t h a t  o f  e n d - s e g r e g a t i o n — t h e  t e n ­

dency t o  p e r c e i v e  end e lem e n ts  more a c c u r a t e l y  due t o  t h e i r  r e l a t i v e l y  

u n iq u e  p o s i t i o n s .  T h i s  e f f e c t  was dem ons t ra ted  in  E x p e r im e n t  I f o r  p a t ­

t e r n  l e n g th s  c o n t a i n i n g  4 ,  12, and 16 e le m e n ts .  The e f f e c t  was shown t o  

be more a p p a r e n t  f o r  t h e  s h o r t e r  p a t t e r n  l e n g th s  and i t  was e l i m i n a t e d  

f o r  p a t t e r n  le n g th s  c o n t a i n i n g  20 and 28 e le m e n ts .

The mechanism o f  e n d - s e g r e g a t i o n ,  as d i s c u s s e d  p r e v i o u s l y ,  c o n s i s t s  

o f  a p rocess  o f  sca n n in g  a s w i f t l y  f a d i n g  p e r c e p tu a l  t r a c e .  T h i s  p r o ­

cess  p roceeds in  a manner o f  h y p o th e s iz e d  eye f i x a t i o n s  wh ich  o r g a n i z e  

g roup s  o f  e lem e n ts  f o r  s t o r a g e  i n . s h o r t  te rm  memory. Scanning g e n e r a l l y  

p roceeds  f rom  l e f t  t o  r i g h t  because o f  c e r t a i n  h a b i t s  a c q u i r e d  d u r i n g  

r e a d i n g .  T h i s  p ro c e s s  re n d e rs  a p r im a c y  e f f e c t  f a v o r i n g  e le m e n ts  t o  t h e  

ex t rem e  l e f t  o f  f i x a t i o n .

However,  e n d - s e g r e g a t i o n  is  n o t  t h e  s o l e  d e t e r m i n e r  o f  response  accu ­

r a c y .  E x p e r im e n ts  IV and V d e m o n s t ra te d  t h a t  w i t h  a s m a l l e r  f i x a t i o n  mar­

k e r ,  Sjs tend  t o  respond more a c c u r a t e l y  t o  t h o s e  e lem e n ts  lo c a te d  a t  fov ea  I
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f i x a t i o n .  Such fo v e a  I f a c i I  i t a t  ion Is  shown in  a d e c rea se  in  e r r o r s  t o  

t h e  f o u r  e lem e n ts  a d j a c e n t  t o  f i x a t i o n .  Because t h i s  e f f e c t  p a r a l l e l s  

bo th  p e r c e p tu a l  a c u i t y  g r a d i e n t s  and cone d e n s i t y  in  t h e  r e t i n a ,  i t  i s  

t e m p t i n g  t o  a t t r i b u t e  i t  t o  s e n s i t i v i t y  f a c t o r s .  Camp (1961) s ugg es ts  

such a p u r e l y  p h y s i o l o g i c a l  exp l a n a t i o n  o f  fov ea  I f a c i l i t a t i o n .

The p r e s e n t  o r i e n t a t i o n ,  however ,  p u r p o r t s  t h a t  f o v e a l  f a c i l i t a t i o n  

can a l s o  be e x p l a i n e d  in  te rm s  o f  mnemonic o r g a n i z a t i o n a l  f a c t o r s .  C l e a r ­

l y ,  when a S_ i s  p re s e n te d  w i t h  a s t i m u l u s  a r r a y  he a t t e m p t s  t o  o r g a n i z e  

t h e  e lem e n ts  as a c c u r a t e l y  and as q u i c k l y  as p o s s i b l e .  R e fe rence  p o i n t s  

f a c i l i t a t e  such o r g a n i z a t i o n  and,  in  t h e  m o d e r a t e l y  complex p a t t e r n s  

(j3. g_. t h o s e  o f  12 and 16 e l e m e n t s ) ,  end e lem e n ts  s e rv e  as such r e f e r e n c e  

p o i n t s .  In t h e  more complex  p a t t e r n s  (e.. g_. t h o s e  o f  20 and 28 e l e m e n t s ) ,  

end e lem en ts  a re  le ss  c l e a r  due t o  t h e  c o m p le x i t y  o f  t h e  a r r a y  and t h u s  

t h e i r  c o n t r i b u t i o n  as r e f e r e n c e  p o i n t s ,  i s  m in i m a l ,  i f  i t  e x i s t s  a t  a I I . 

Such an e x p l a n a t i o n  i s  c o n s i s t e n t  w i t h  t h e  f i n d i n g s  o f  E x p e r im e n t  I I  

wh ich  su g g e s t  t h a t  t h e  r e t i n a l  l o c a t i o n  o f  t h e s e  end e lem en ts  i s  w i t h i n  

t h e  span o f  e f f e c t i v e  v i s i o n .

I t  appears  t h a t  Ss '  s t r a t e g y  o f  i n f o r m a t i o n  a n a l y s i s  s h i f t s  as a 

f u n c t i o n  o f  p a t t e r n  l e n g t h .  For  t h e  lo n g e r  p a t t e r n s ,  in  wh ich  e n d - t o -  

end scann ing  has been made v e r y  d i f f i c u l t ,  t h e  o n l y  a v a i l a b l e  r e f e r e n c e  

p o i n t  i s  t h e  f i x a t i o n  m arke r  wh ich  c o r re s p o n d s  t o  t h e  c e n t e r  m arke r  on 

t h e  response  t e m p l a t e .  T h i s  m arke r  t h u s  becomes t h e  s o l e  r e f e r e n c e  p o i n t  

i n  t h e  o r g a n i z a t i o n a l  p ro c e s s  o f  s h o r t  te rm  memory. Such an i n t e r p r e t a ­

t i o n  s ugg es ts  t h a t  i t  Is  t h e  f i x a t i o n  m a r k e r ’ s f u n c t i o n  as a r e f e r e n c e  

p o i n t  wh ich  p roduces  f o v e a l  f a c i l i t a t i o n .  When t h i s  m a rke r  i s  t h e  o n l y  

a v a i l a b l e  r e f e r e n c e  p o i n t ,  i t  i s  m a x im a l l y  e f f e c t i v e .  However,  when o t h e r  

r e f e r e n c e  p o i n t s  (e .  g .  end e le m e n ts )  a re  a v a i l a b l e ,  Ss s e l e c t i v e l y  a t -



t e n d  t o  e le m e n ts  a d j a c e n t  t o  each o f  t h e s e ,  and response  d i s t r i b u t i o n s  

r e f l e c t  t h i s  a t t e n t i o n .  The r e s u l t s  o f  E x p e r im e n ts  IV and V a r e  c o n s i s ­

t e n t  w i t h  such an i n t e r p r e t a t i o n .

O r d e r  o f  R e p o r t  and Eye Movements

The c o n c l u s i o n  t h a t  S_s' p rocesse s  o f  i n f o r m a t i o n - t r a n s  I a t i o n  s h i f t  

as  a f u n c t i o n  o f  p a t t e r n  l e n g th  i s  c o n s i s t e n t  w i t h  t h e  p r e s e n t  da ta  on t h e  

o r d e r  o f  r e p o r t .  I t  was o b se rve d  t h a t  Ss tended  t o  respond on t h e  s h o r t ­

e r  p a t t e r n s  f rom  t h e i r  l e f t  ends tow a rd  t h e i r  r i g h t  ends .  However,  i n i ­

t i a l  responses  t o  t h e  2 0 -  and 2 8 -e le m e n t  p a t t e r n s  c l u s t e r e d  a b o u t  f i x a ­

t i o n  and responses  t o  more ex t rem e  e lem en ts  were haphazard .  T h e s e -f i n d ­

i n g s  c o r r o b o r a t e  t h o s e  o f  Harcum ( 19 6 9 ) .  The a n a l y s i s  o f  eye movements 

i s  a l s o  c o n s i s t e n t  w i t h  t h e  p r e s e n t  i n t e r p r e t a t i o n .

Mask i ng Phenomena

Two d i s t i n c t  mask ing  p rob lem s  were enco un te red  in  t h e  f o r e g o i n g  

e x p e r i m e n t s .  The f i r s t  conce rned  t h e  mutua l  J n t e r f e r e n c e  o r  c o n f u s a b i -  

I I t y  o f  t h e  e lem e n ts  w i t h  one a n o t h e r .  As Woodworth and S c h lo s b e rg  (1954)  

s u g g e s t ,  t h i s  c o u ld  be due t o  b o r d e r  i n h i b i t i o n  e f f e c t s  o r  l o c a l i z a t i o n  

f a c t o r s  in  wh ich  t h e  d i f f i c u l t y  o f  t h e  r e p r o d u c t i o n  o f  t h e  i n n e r  e lem en ts  

l i e s  in  t h e  p rob lem  o f  l o c a l i z i n g  them c o r r e c t l y  w i t h i n  t h e  t o t a l  a r r a y .

The p r e s e n t  e x p e r im e n ts  s u g g e s t  t h a t  such l o c a l i z a t i o n ' p rob Iems be­

come more a p p a r e n t  w i t h  in c re a s e s  in  a r r a y  le n g t h .  When t h e  s i z e  o f  an 

a r r a y  exceeds s c a p a c i t y ,  i t ems must be p rocessed  s e r i a l l y  f ro m  a decay­

in g  p e r c e p t u a l  t r a c e  (Kahnemen, 1969; S p e r I i n g , I960 ,  1963) .  Kahnemen 

C l969)  s u g g e s ts  t h a t  t h e  p r o b a b i I i t y  t h a t  a g i v e n  i tem  has been p rocessed  

i s  i n v e r s e l y  r e l a t e d  t o  t h e  number o f  i tems in  t h e  a r r a y .  C l e a r l y ,  t h e  

more  embedded e le m e n ts  in  t h e  lo n g e r  p a t t e r n s  a re  more v u l n e r a b l e  t o  t h i s  

m ask ing  e f f e c t  and t h e i r  r e l a t i v e  v u l n e r a b i l i t y  i n c re a s e s  w i t h  t h e  decay



o f  t h e  neu ra l  t r a c e .

The second mask ing p rob lem  enco u n te re d  was t h a t  p roduced by t h e  

l a rg e  f i x a t i o n  m a rk e r .  T h i s  mask ing  phenomenon was s t u d ie d  in  E x p e r i ­

ments  IV and V. The da ta  o b t a i n e d  can be e x p la i n e d  by i n t e g r a t i o n  and /  

o r  i n t e r r u p t i o n  t h e o r i e s  o f  v i s u a l  m ask ing .

An i n t e g r a t i o n  approach t o  v i s u a l  mask ing would assume t h a t  t h e  b i ­

na ry  a r r a y  and t h e  la r g e  f i x a t i o n  m arke r  a re  l i n e a r l y  summed and t h a t  t h e  

response  t o  t h e i r  p r e s e n t a t i o n  in  sequence i s  t h e  same as would  be evoked

by t h e i r  j o i n t  s im u l ta n e o u s  p r e s e n t a t i o n .  Here t h e  tem p o ra l  range  o f

mask ing c o r re s p o n d s  t o  t h e  range o f  t em p o ra l  summation (Kahnemen, 1969).  

C o n v e r s e l y ,  an i n t e r r u p t i o n  t h e o r y  e x p l a n a t i o n  would s u g g e s t  t h a t  t h e  

f i x a t i o n  m arke r  i n t e r r u p t s  t h e  c o n s o l i d a t i o n  o f  t h e  p e r c e p t  o f  t h e  b i n a r y  

p a t t e r n .  Such an i n t e r p r e t a t i o n  i s  c o n s i s t e n t  w i t h  L in d s  l e y ' s  (1961)  

f o r m u I a t i  o n s .

In any c a s e ,  i t  i s  a p p a r e n t  t h a t  v i s u a l  masking i s  r e s p o n s i b l e  f o r  

t h e  response  d i s t r i b u t i o n s  o b t a i n e d  w i t h  t h e  la r g e  f i x a t i o n  m a rk e r .  The 

p r e s e n t  da ta  do n o t  p r o v i d e  i n f o r m a t i o n  as t o  wh ich  o f  t h e  above t h e o r i e s

b e t t e r  a c c o u n ts  f o r  r e s u l t s  r e p o r t e d  h e re .



APPENDIX A

BINARY PATTERNS

RANDOM PATTERNS USED IN EXPERIMENT

9 0 0 9

• 0 0 0 9 0 9 9 9 0 0 9 9 0 0 9 9 9 0 0

0 9 0 9 9 0 0 9 9 o 0 9

0 9 9 9 0 0 0 9 0 9 0 0 0 9 9

0 0 9 0 0 9 9 0 9 0 9 0 9 0 0 9 9 0 9 9

9 0 0 0 9 9 0 @ 0 9 0 9 0 0 9 0 9 9 9 0

0 9 9 0

0 9 9 0 0 9 0 9 9 0 0 9

0 9 9 0 9 0 9 0 9 9 0 0 9 0 9 0

• 0 0 9 0 9 0 9 0 9 0 9 0 9 0 9 0 9 0 9

9 0 0 9 0 9 9 9 0 0 9 0

9 0 9 0

0 • 0 9 9 0 9 0 9 0 9 0 9 0 9 0 0 9 0 0

0 1 9 9 0 9 0 0 0 9 i 0 I 0 9 9 O' 0 0 9

0 9 0 9

9 0 9 0 9 0 0 9 9 9 0 0

9 0 9 0 0 0 9 9 0 9 0 9 0 0 9 9

9 0 9 0 9 0 9 0 9 0 9 9 0 0 9 0 9 0 9 0

0 0 9 0

9 9 Q 9

0 I Q I I 0 I 0 I 0 I 0 I 0 M 0  0 I 0 I 0 I 0 0 « 0
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APPENDIX A ( c o n t ’ d)

4-ELEMENT PATTERNS 12-ELEMENT PATTERNS
USED IN EXPERIMENT I USED IN EXPERIMENTS I AND V

• 0 0 • 0 © © 0 © 0 • © 0 0 0 ©

0 • 0 © 0 © • 0 0 © 0 0 © © 0 ©

0 • 0 0 0 0 © © © 0 © 0 © 0 0 ©

1 0 © 0 0 0 • • 0 © 0 0 © © 0 ©

0 © 0 © • 0 0 • © 0 0 © © 0 0 0

® 0 0 « .0 © 0 © 0 © © © 0 0 © 0

0 © 0 © 0 1 0 © 0 • 0 © 0 ,0 • ©

0 © © 0 0 • © 0 © 0 0 © © 0 0 ©

0 • 0 © • 0 © 0 © 0 0 © © © 0 0

© 0 © 0 0 © © 0 0 © 0 © 0 0 © ©

• 0 0 © © 0 • 0 © 0 © 0 © 0 0 ©

0 f) 0 © 0 © 0 © 0 © © © 0 0 0 ©

® 0 © 0 © 0 © 0 © 0 © 0 0 © © 0

0 © © 0 © 0 0 0 © © © 0 © © 0 0

© 0 0 © 0 © © 0 0 0 © © 0 0 ©

• 0 © 0 © 0 • 0 © 0 © © © 0 0 0

0 © © 0 » • 0 0 0 © © 0 • 0 0 ©

0 © 0 9 0 © © 0 © 0 0 0 0 0 ©

1 0 0 © 0 0 © © © 0 0 0 © © 0 ©

0 • © 0 .« © 0 0 • 0 0 © © 0 0 ©
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APPENDIX A ( c o n t f d )

16-ELEMENT PATTERNS USED IN EXPERIMENT I

ft 0 0 © 0 ft ft 0 ft 0 0 ft 0 ft 0 ft

0 • 0 0 ft 0 ft ft ft 0 0 0 ft 0 ft

• 0 ® 0 ft 0 ft 0 0 ft ft 0 ft 0 ft 0

0 ft 0 ft ft 0 ft 0 ft ft 0 ft 0 ft 0 0

0 • 0 0 ft ft 0 ft 0 ft 0 ft 0 ft 0 ft

ft 0 ft ft) 0 0 0 ft 0 ft 0 ft ft 0 0 ft

ft • 0 0 ft 0 0 ft 0 ft 0 ft 0 ft 0 ft

• 0 0 ft 0 ft 0 ft ft 0 0 ft 0 ft ft 0

0 0 ft e 0 0 ft ft ft 0 0 0 ft ft ft 0

f 0 ft 9 0 0 ft 0 0 ft 0 ft 0 ft © 0

0 ft 0 t 0 ft ft 0 ft 0 ft 0 ft 0 0 ft

0 • ft 0 ft 0 ft 0 ft 0 0 ft 0 ft 0 ft

0 ft 0 ft 0 0 ft ft ft 0 0 0 ft 0 ft 0

• 0 ft 0 ft 0 ft 0 ft 0 ft 0 ft 0 0 ft

0 0 0 ft 0 ft ft 0 ft ft 0 ft 0 0 0 i

1 0 0 © ft 0 ft 0 ft 0 0 ft 0 ft ft 0

• 0 0 % 0 ft 0 ft ft ft 0 ft 0 0 0 ft

0 ft ft 0 0 0 ft ft 0 ft ft 0 ft 0 ft 0

0 • 0 • 0 0 0 ft 0 ft 0 ft 0 ft 0 ft

0 0 0 ft ft 0 ft 0 ft 0 ft 0 0 ft ft 0
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APPENDIX-A ( c o n t ’ d)

20-ELEMENT PATTERNS USED IN EXPERIMENT I

0 0 9 9 9 0 0 0 9 0 0 9 0 0 0 • 0 9 9 9

• • 9 0 9 0 0 0 9 0 9 9 0 § 9 0 0 9 0 0

0 0 9 0 9 0 9 0 9 0 0 9 0 0 0 9 9 9 0 9

• • 0 9 0 0 0 9 9 0 0 9 I 0 I 0 9 9 0 0

0 • 0 0 9 0 0 9 0 • 0 0 9 • 0 0 0 9 9 •

• 0 9 0 0 9 0 9 9 0 0 9 0 i 0 « 9 9 0 0

0 0 9 0 9 0 9 9 9 0 0 9 0 0 9 0 o- 9 9 9

I •
9 0 0 0 9 0 0 9 i 9 0 9 0 9 0 0 0 9

9 9 0 9 0 9 0 0 9 0 9 0 0 9 0 0 0 9 9 9

• 0 0 9 9 0 9 0 9 0 9 9 0 9 0 9 9 0 0 0

• 0 0 0 9 9 0 • 0 9 0 9 0 0 0 9 9 0 • 9

0 f 9 0 0 9 9 0 0 9 0 9 9 9 0 9 0 9 0 0

0 0 9 0 0 9 9 9 0 §■ 9 0 9 0 9 0 0 • 0

0 0 9 0 9 0 0 9 0 9 9 9 0 9 9 0 0 0 • 0

• t 9 0 0 0 9 0 • 0. 0 9 0 § 0 9 0 9 9 0

« <9 9 0 0 I 0 0 0 9 9 0 • 0 9 0 • 0 9 0

0 9 9 9 0 0 0 9 9 0 9 0 0 • 9 0 0 9 0 i

0 0 9 9 9 0 0 0 9 0 9 i i 0 0 9 0 0 0 t

t 9 0 0 9 0 • 0 0 9 0 • 0 • 0 9 0 9 0 9

• 9 9 0 0 0 • 0 0 9 9 • 0 • 0 9 0 0 0 9



71

APPENDIX A ( c o n t ’ d)

28-ELEMENT PATTERNS USED IN EXPERIMENTS I ,  I I I ,  IV

9 0 • 0 0 9 9 0 9 I 0 0 9 0 9 0 9 9 0 0 9 0 0 9 9 0 9

• 0 0 ® 9 0 9 0 9 9 0 0 9 0 9 0 9 9 0 0 9 0 9 0 0 .9 9

9 0 9 9 0 0 9 0 0 ® 0 9 0 9 0 9 0 9 0 9 9 0 9 9 0 0 9

0 9 0 0 6 9 0 9 9 0 0 9 0 9 0 9 0 9 9 0 0 9 0 0 9 9 0

O
' 9 0 9 9 0 9 0 9 0 9 0 0 9 0 9 9 0 9 0 9 0 ® 0 0 9 0

0 0 9 9 0 9 9 0 0 9 0 9 9 0 9 0 0 9 0 9 9 0 0 9 0 0 9

9 0 9 0 9 9 9 0 0 0 o 0 0 9 0 9 9 0 9 9 i 0 0 0 9 0 9

0 9 0 0 9 0 9 0 0 9 9 0 9 0 9 0 0 9 9 0 0 9 0 9 t 0

0 9 0 0 0 t 0 9 9 0 0 9 9 9 0 0 0 9 0 0 9 0 9 ® 0

0 9 ® 0 0 9 0 0 0 1 9 0 9 9 0 0 9 0 0 9 9 9 0 9 9 0 0

0 9 • 0 9 0 0 9 9 0 9 9 0 0 9 9 0 0 9 0 0 9 9 0 9 0 0

• 0 0 f 0 9 0 9 0 • 9 0 9 0 9 0 9 0 0 9 0 9 0 9 0 9 9

9 9 0 f) 9 0 0 0 © 0 0 9 9 o § 0 0 9 9 0 9 9 9 0 0 ® 0

9 9 0 0 9 9 0 9 0 0 0 9 0 9 0 0 9 9 0 9 9 ® 0 0 9 0

0 9 0 0 9 9 0 9 0 9 @ 0 0 9 0 9 9 0 0 9 0 9 0 0 9 9 0

0 0 9 9 0 9 0 © 0 9 9 0 9 0 9 0 9 0 0 9 0 9 0 9 0 0 9

0 9 0 9 9 0 9 0 9 0 9 9 0 0 9 9 0 0 9 0 9 0 9 0 0 9 0

§ 0 9 0 9 0 0 9 0 0 9 9 0 9 0 9 0 0 9 9 0 9 9 0 9 0 9

• 0 0 € 0 0 0 9 • 9 0 9 0 • 0 9 0 9 0 0 0 9 9 9 0 9 9
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APPENDIX A ( c o n t ’ d)

4-ELEMENT PATTERNS USED IN EXPERIMENT I I

0 0 0 0

0 0 0 0

0 0 0 1
0 0 0 0

0 0 . 0 0

0 0 0 0 

0 0 0 0

0 0 © 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0 

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0 

0 0 0 0



APPENDIX B 

INSTRUCTIONS TO SUBJECT 

T h i s  is  an e x p e r im e n t  t o  i n v e s t i g a t e  y o u r  p e r c e p t i o n  o f  v i s u a l  

p a t t e r n s  wh ich  w i l l  be f l a s h e d  in  t h e  a p p a ra tu s  b e f o r e  you .  A t  th e  

same t i m e  t h e  v i s u a l  p a t t e r n  i s  f l a s h e d ,  y o u r  eye movements w i I  I be 

r e c o r d e d .  I am i n t e r e s t e d  in  how a c c u r a t e l y  you can re p roduc e  th e s e  

v i s u a l  p a t t e r n s  when y o u r  eyes a r e  f i x e d  on a p o i n t  a t  t h e  c e n t e r  o f  

t h e  v i s u a l -  f i e l d .  I am a l s o  i n t e r e s t e d  in  w h e th e r  you can in  f a c t  

keep y o u r  eyes f i x e d  on t h e  c e n t e r  o f  t h e  p a t t e r n  d u r i n g  t h e  e n t i r e  

p e r i o d  o f  t h e  p e r c e p t i o n ,  _i_. e_. , j u s t  b e f o r e  and d u r i n g  t h e  p a t t e r n  

e x po s u re .  The r e c o r d i n g  o f  t h e  p o s i t i o n  o f  t h e  eyes i s  necessary  

because you may n o t  know i f  you have moved them.

I t  i s  e s s e n t i a l  t o  t h e  success  o f  t h i s  e x p e r im e n t  t h a t  you t r y  

a t  a I I t im e s  whi Ie  we a r e  r e c o r d i n g  t o  keep y o u r  eyes p o i n t e d  a t  t h e  

c r o s s  wh ich  appears  in  t h e  c e n t e r  o f  t h e  v i s u a l  f i e l d  b e f o r e  you .  The 

p o s i t i o n  o f  t h e  c r o s s  i s  l o c a te d  so  t h a t  y o u r  eyes w i l l  th e n  be p o i n t ­

ed a t  t h e  e x a c t  c e n t e r  o f  t h e  t a r g e t  p a t t e r n  when i t  app e a rs .

I w i l l  h e lp  you a d j u s t  t h e  p o s i t i o n  o f  y o u r  head and eyes so 

t h a t  we can a c c u r a t e l y  r e c o rd  w h e th e r  o r  n o t  you a r e  l o o k in g  a t  t h e  

c r o s s .  When I s a y ,  " R e a d y , ”  m a in t a i n  e x a c t l y  t h a t  p o s i t i o n  o f  head 

and eyes ,  and when you a re  f i x a t i n g  and rea d y ,  t h e  s t i m u l u s  w i l l  be 

f l a s h e d .  Remain f i x a t i n g  u n t i l  t h e  f l a s h .  N e x t ,  p r o m p t l y  mark on t h e  

answer  s h e e t  y o u r  r e p r o d u c t i o n  o f  t h e  v i s u a l  p a t t e r n  t h a t  was j u s t
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f l a s h e d .  A d i f f e r e n t  v i s u a l  p a t t e r n  w i l l  appear  on each e x p o s u re .

The p a t t e r n  a lways  c o n s i s t s  o f  c i r c l e s ,  on each s i d e

o f  f i x a t i o n  CThe number o f  c i r c l e s  p re s e n te d  in  any g i v e n  e x p e r im e n t  

and h a l f  o f  t h i s  number were i n s e r t e d  i n  th e s e  b la n k s  r e s p e c t i v e I y . 

However,  S_s in  t h e  random c o n d i t i o n  o f  Exp. I were t o l d  t h a t  p a t t e r n s  

a lways  c o n s i s t e d  o f  e i t h e r  4 ,  12, 16, 20 ,  o r  28 c i r c l e s . ! ] ,  ha I f  o f  

wh ich  w i l l  a lways be f i l l e d  i n .  D i f f e r e n t  c i r c l e s  w i l l  be b lackened  

in  d i f f e r e n t  e x p o s u re s ,  wh ich  w i l l  be f l a s h e d  v e ry  b r i e f l y  in  a h o r i ­

z o n t a l  p l a n e .  A f t e r  t h e  f l a s h  is  p r e s e n te d  you w i l l  f i n d  a s c o r e  s h e e t

b e f o r e  you c o n t a i n i n g  t h e   c i r c l e s  t h a t  were p r e s e n te d .  P lease

f i l l  i n  e v e ry  c i r c l e  on y o u r  s c o r e  s h e e t  t h a t  you saw f i l l e d  in  when 

t h e  t a r g e t  was p r e s e n t e d .  The f i r s t  t e n  exposu res  w i l l  be p r a c t i c e  

t r i a l s  wh ich  w i l l  h e lp  you t o  become fa m i I  i a r  w i t h  y o u r  t a s k .

I f  you have any q u e s t i o n s ,  p le a s e  ask them a t  t h i s  t i m e .
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/

APPENDIX F

EXPERIMENT I I  -  MEAN RAW DATA -  CORRECT RESPONSES

E x p e r ie n c e d  S_s (N=3)

Number 
o f  Spaces

E 1ement Pos i t  i on
1 2 3 4

■4-T 7 .6 6 7 .6 6 7 .3 0 7 .3 0
12 8 .0 0 8 .0 0 7 .6 6 7 .6 6
16 7 .6 6 7 .6 6 6 .3 3 6 .3 3
20 6 .6 6 6 .6 6 6 .3 3 6 .3 3
28 5 .33 4 .6 6 6 .0 0 6 .0 0

E x p e r i m e n t a l l y  N a ive  Ss (N= I0 )

Number E lem en t  P o s i t i o n
o f  Spaces 1 2 3 4

4 7 .0 0 7 .0 0 6 .8 0 6 .8 0
12 7 .5 0 7 .5 0 7 .3 0 7 .3 0
16 6 .9 0 6 .9 0 7 .4 0 7 .4 0
20 6 .7 0 6 .7 0 6 .4 0 6 .4 0
28 5 .5 0 5 .5 0 5 .6 0 5 .6 0
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