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Abstract:
Temporal integration of visual form information in dyslexic and nondyslexic adults was investigated to
determine whether the dyslexics demonstrate problems in temporal integration similar to the problems
that have been found in childhood dyslexia. Using procedures derived from signal detection theory,
sensitivity to sequentially presented form information was determined for the two groups. The principle
result of this study was that the sensitivity of the normals to sequencing was superior (i.e., better
temporal acuity) to that of dyslexics when parts of a stimulus were presented contiguously in space.
This result suggests that, under certain conditions, temporal processing of form information is slower
within the visual systems of dyslexics. Based on this result, it is concluded that a temporal integration
deficit exists in adult dyslexia which is similar to that found in childhood dyslexia. 
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ABSTRACT

T em p o ra l  i n t e g r a t i o n  o f  v i s u a l  fo rm  i n f o r m a t i o n  i n  d y s l e x i c  and  
n o n d y s l e x i c  a d u l t s  was i n v e s t i g a t e d  t o  d e t e r m in e  w h e th e r  t h e  d y s l e x i c s  
d e m o n s t r a t e  p ro b le m s  i n  t e m p o r a l  i n t e g r a t i o n  s i m i l a r  t o  t h e  p ro b le m s  
t h a t  h av e  b ee n  fo u n d  i n  c h i l d h o o d  d y s l e x i a .  U s in g  p r o c e d u r e s  d e r i v e d  
f ro m  s i g n a l  d e t e c t i o n  t h e o r y ,  s e n s i t i v i t y  t o  s e q u e n t i a l l y  p r e s e n t e d  
fo rm  i n f o r m a t i o n  was d e t e r m in e d  f o r  t h e  two g r o u p s .  The p r i n c i p l e  
r e s u l t  o f  t h i s  s t u d y  was t h a t  t h e  s e n s i t i v i t y  o f  t h e  n o rm a ls  t o  
s e q u e n c i n g  was s u p e r i o r  ( i . e . ,  b e t t e r  t e m p o r a l  a c u i t y )  t o  t h a t  o f  
d y s l e x i c s  when p a r t s  o f  a  s t i m u l u s  w e re  p r e s e n t e d  c o n t i g u o u s l y  i n  
s p a c e .  T h i s  r e s u l t  s u g g e s t s  t h a t ,  u n d e r  c e r t a i n  c o n d i t i o n s ,  t e m p o r a l  
p r o c e s s i n g  o f  fo rm  i n f o r m a t i o n  i s  s l o w e r  w i t h i n  t h e  v i s u a l  s y s te m s  o f  
d y s l e x i c s .  B ased  on  t h i s  r e s u l t ,  i t  i s  c o n c lu d e d  t h a t  a  t e m p o r a l  
i n t e g r a t i o n  d e f i c i t  e x i s t s  i n  a d u l t  d y s l e x i a  w h ich  i s  s i m i l a r  t o  t h a t  
fo u n d  i n  c h i l d h o o d  d y s l e x i a .

/ '
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INTRODUCTION

D y s l e x i a  i s  a  s p e c i f i c  l e a r n i n g  d i s a b i l i t y  t h a t  i n v o l v e s  an 

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

( P a v l i d i s  & F i s h e r ,  1 9 8 6 ) .  I t  h a s  b ee n  e s t i m a t e d  t h a t  5 t o  10 

p e r c e n t  o f  t h e  p o p u l a t i o n  a r e  a f f l i c t e d  w i t h  t h e  c o n d i t i o n  (Hynd & 

Hynd, 19 8 4 ) ,  and  t h a t  i t  o c c u r s  i n  a l l  p a r t s  o f  t h e  w o r ld  ( Raw son,

1 9 8 6 ) .  F o r  t h o s e  s o  a f f l i c t e d ,  d y s l e x i a  ca n  e x a c t  a  s e v e r e  c o s t  i n  

t e r m s  o f  r e t a r d i n g  i n t e l l e c t u a l  an d  s o c i a l  d e v e lo p m e n t , f o r  t h e  

a b i l i t y  t o  r e a d  and  u n d e r s t a n d  t h e  w r i t t e n  l a n g u a g e  p l a y s  an 

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

and  s o c i a l l y .  T h i s  i s  e v id e n c e d  by t h e  l a r g e  number o f  d y s l e x i c s  who 

a r e  e i t h e r  u n em p lo y ed  o r  u n d e re m p lo y e d  and by t h e  d i s p r o p o r t i o n a t e l y  

l a r g e  number who a r e  fo u n d  i n  j u v e n i l e  o r  a d u l t  c o r r e c t i o n a l  

i n s t i t u t i o n s  ( J o h n s o n  & B l a l o c k ,  1987 ;  S c h e i b e r  & T a l p e r s , 1 9 8 5 ) .

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

a t t r a c t e d  c o n s i d e r a b l e  r e s e a r c h  s i n c e  i t s  d i s c o v e r y  by O r to n  ( 1 9 2 5 ) .  

T h i s  r e s e a r c h  h a s  l e d . t o  t h e  d e v e lo p m e n t  o f  two m o d e ls  o f  d y s l e x i a ,  

t h e  l i n g u i s t i c  d e f i c i t  m odel and  t h e  s e n s o r y  d e f i c i t  m o d e l .  As 

i m p l i e d  by t h e i r  n am es ,  t h e s e  two m o d e ls  d i f f e r  i n  t e r m s  o f  t h e  • 

p re su m e d  l o c a t i o n  o f  t h e  u n d e r l y i n g  im p a i rm e n t  w i t h i n  t h e  v i s u a l  

p a th w a y s  i n v o l v e d  i n  t h e . r e a d i n g  p r o c e s s . A r e l a t i v e l y  p e r i p h e r a l  

im p a i rm e n t  i s  assum ed  by t h e  s e n s o r y  d e f i c i t  m odel w h e re a s  a 

r e l a t i v e l y  c e n t r a l  im p a i rm e n t  i s  assum ed  by t h e  l i n g u i s t i c  d e f i c i t
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m o d e l .  I n  o r d e r  t o  d i s c u s s  t h e s e  m o d e l s ,  i t  i s  n e c e s s a r y  t o  b r i e f l y  

r e v i e w  t h e  s t r u c t u r e  o f  t h e  p r i m a t e  v i s u a l  s y s t e m .  F o l l o w i n g  t h a t  

r e v i e w ,  t h e  m o d e ls  o f  d y s l e x i a  w i l l  be  d i s c u s s e d .

S i n c e  t h e  e a r l y  19 5 0 ’ s  ( e . g . , K u f f l e r , 19 5 3 ) ,  i t  h a s  been  known 

t h a t  t h e  f i r i n g  r a t e  o f  a  g iv e n  s e n s o r y  n e u r o n  w i t h i n  t h e  v i s u a l  

p a th w a y  ca n  be  i n f l u e n c e d  ( i . e . , i n c r e a s e d  o r  d e c r e a s e d )  by 

s t i m u l a t i o n  o f  a  l i m i t e d  a r e a  a c r o s s  t h e  s u r f a c e  o f .  t h e  r e t i n a ,  an  

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

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

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

v a r y i n g  s t i m u l u s  d im e n s io n s  ( e . g . , B r a d d i c k ,  C a m p b e l l ,  & A tk in s o n ,

1 978; M a f f e i ,  1 9 7 8 ) .  F o r  e x a m p le , w i t h  r e s p e c t  t o  s p a t i a l  v i s i o n ,  

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

p r o v i d e  a  c o a r s e  n e u r a l  r e p r e s e n t a t i o n  ( i . e . ,  g l o b a l  d e t a i l s )  o f  t h e  

v i s u a l  s c e n e .  S m a ll  r e c e p t i v e  f i e l d s ,  h o w e v e r ,  c o r r e s p o n d  t o  s m a l l  

s p a t i a l  c h a n n e l s ,  w h ich  p r o v i d e  a  f i n e  n e u r a l  r e p r e s e n t a t i o n  ( i . e . ,  

f i n e  o r  l o c a l  d e t a i l s ) ,  o f  t h e  v i s u a l  s c e n e .  D e p e n d in g  upon  t h e i r  

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

f i e l d s  ca n  v a r y  a l o n g  s e v e r a l  o t h e r  d im e n s io n s  a s  w e l l ,  s u c h  a s  

p r e f e r e n c e  f o r  c e r t a i n  s h a p e s  ( e . g . , s p o t s ,  l i n e s ,  a n g l e s ,  ev en  

f a c e s ) ,  c o l o r s , and  m o t io n .

F o r  e x a m p le ,  t h e  r e c e p t i v e  f i e l d s  o f  n e u r o n s  a t  t h e  r e t i n a l  and 

t h a l a m i c  (LGN) s t a g e s  o f  t h e  p r i m a r y  v i s u a l  p a th w ay  a r e  c i r c u l a r l y  

s h a p e d .  B ased  on  t h i s  f i n d i n g ,  i t  h a s  b ee n  p o s t u l a t e d  t h a t  s i m p le  

f e a t u r e s  o f  v i s u a l  s t i m u l i  ( e . g . , s p o t s  o f  l i g h t )  a r e  e x t r a c t e d  and  

e n c o d e d  a t  t h i s  s t a g e .  N e u ro n s  a t  t h e  c o r t i c a l  s t a g e s ,  s u c h  a s  a r e a s
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Vl ( t h e  s t r i a t e  c o r t e x )  an d  V2, h a v e  r e c e p t i v e  f i e l d s  t h a t  a r e  

e l o n g a t e d ,  w h ich  s u g g e s t s  t h a t  t h e s e  n e u r o n s  e x t r a c t  a n d  en c o d e  s u c h  

s t i m u l u s  f e a t u r e s  a s  l i n e s  ( e . g . ,  H ube i  & W i e s e l , 1962 ;  H ubei & 

W i e s e l , 1965 ; H ube i & W i e s e l , 1 9 7 7 ) .  F i n a l l y , t h e  r e c e p t i v e  f i e l d s  

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

i n f e r o t e m p o r a l  ( I T )  c o r t e x ,  a r e  s h a p e d  l i k e  h a n d s  an d  f a c e s ,  w h ich  

s u g g e s t s  t h a t  t h e s e  n e u r o n s  p e r fo rm  co m p lex  t a s k s  s u c h  a s  f a c e  

r e c o g n i t i o n  ( e . g . , B r u c e ,  D esim o n e ,  & G r o s s ,  1981; G r o s s ,  Rocha^ 

M ira n d a ,  & Bender, 1972; K e n d r ic k  & B a ld w in ,  1 9 8 7 ) .  T h e se  r e s u l t s  

hav e  b ee n  i n t e r p r e t e d  ( e . g . ,  H ube i  & W i e s e l , 1 977) a s  e v i d e n c e  f o r  

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

p a th w a y  i s - h i e r a r c h i c a l , s u c h  t h a t  t h e  l a t t e r ,  more c o m p le x ,  s t a g e s  

a r e  d e r i v e d  f ro m  and  d e p e n d e n t  upon  t h e  f u n c t i o n i n g  o f  e a r l i e r  

s t a g e s .

I n  a d d i t i o n  t o  b e i n g  h i e r a r c h i c a l  i n  n a t u r e ,  t h e  p r i m a r y  p a th w a y  

i s  a l s o  o r g a n i z e d  i n  p a r a l l e l :  t h e r e  a r e  b o th  t r a n s i e n t  and

s u s t a i n e d  p a th w a y s  ( s e e  L e n n i e ,  1980 , f o r  r e v i e w  arid F i g u r e  I ) .  The 

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

f i e l d s  t h a t  r e q u i r e  b r i s k  s t i m u l a t i o n  f o r  t h o s e  n e u r o n s  t o  be 

a c t i v a t e d .  T h i s  p a th w a y  o r i g i n a t e s  i n  t h e  m a g n o c e l l u l a r  l a y e r s  o f  

t h e  LGN, p a s s e s  t h r o u g h  V I,  n e x t  t h e  m i d d le  t e m p o r a l  a r e a  (MT), and  

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

t e m p o r a l  a r e a )  b e l i e v e d  t o  be i n v o l v e d  i n  t h e  i n i t i a t i o n  o f  su ch  

r e s p o n s e s  a s  ey e  m o v em en ts .  I t  i s  h y p o t h e s i z e d  t h a t  t h i s  pa thw ay  

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

s c e n e .



4

FIGURE I .  A Summary o f  t h e  H i e r a r c h y  o f  Many o f  t h e  
V i s u a l  A re a s  i n  t h e  M acaque Monkey ( a f t e r  
Van E s s e n  & M a u n s e l l , 1983)
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The s u s t a i n e d  p a th w a y ,  on  t h e  o t h e r  h a n d ,  c o n s i s t s  o f  n e u r o n s  

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

t h o s e  n e u r o n s  t o  be a c t i v a t e d .  T h i s  p a th w a y  o r i g i n a t e s  i n  t h e  

p a r o c e l l u l a r  l a y e r s  o f  t h e  LGN, p a s s e s  t h r o u g h  a r e a s  V I ,  V4, and  VP, 

a n d  t e r m i n a t e s  a t  t h e  h i g h e r  c o r t i c a l  c e n t e r s  ( e . g . , t h e  IT )  b e l i e v e d  

t o  be  i n s t r u m e n t a l  i n  fo rm  and  p a t t e r n  r e c o g n i t i o n  ( e . g . , B u rb eck  & 

K e l l y ,  1981 ; T o l h u r s t , 1973 ; W i l s o n ,  1 9 7 8 ) .

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

v i s u a l  i n f o r m a t i o n  p r o c e s s i n g  t a s k s .  T h e se  t a s k s  b e g i n  a t  t h e  l o w e r  

s t a g e s  o f  t h e  p r i m a r y  v i s u a l  p a th w a y  an d  t e r m i n a t e  a t  t h e  h i g h e r  

c o r t i c a l  c e n t e r s  ( e . g . , W e r n i c k e ’ s  a r e a )  d e v o t e d  t o  p r o c e s s i n g  t h e  

p h o n e t i c  an d  s e m a n t i c  p r o p e r t i e s  o f  l i n g u i s t i c  s t i m u l i  ( e . g . , A r n e t t  

& D i L o l l o ,  1979 ;  F i s h e r , 1 9 8 0 ;  G ib s o n  & L e v i n ,  1975 ;  H o w e l l ,  S m i th ,  & 

S t a n l e y ,  1981 ;  W hyte ,  C u r r y ,  & H a le ,  19 8 5 ) .

W ith  r e s p e c t  t o  t h e  m o d e ls  o f  d y s l e x i a ,  t h e  l i n g u i s t i c  d e f i c i t  

m odel a r g u e s  t h a t  d y s l e x i a  i s  t h e  r e s u l t  o f  a  f a i l u r e  o f  t h e  h i g h e r  

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

o f  v i s u a l  s t i m u l i  i n t o  t h e  a p p r o p r i a t e  l i n g u i s t i c  co d e  ( Bouma & 

L e g e i n ,  1980 ;  E l l i s ,  1981 ; E l l i s ,  1 9 8 4 ;  K i n s b o u r n e , 1986 ;

M c G u in n e s s , 1985 ;  V e l l u t i n o , 1977 ;  V e l l u t i n o ,  1987 ;  V e l l u t i n o ,

S t e g e r , Kaman, & D e S e t t o , 1975 ; V e l l u t i n o ,  S t e g e r , M o y e r , H a r d i n g ,  & 

N i l e s ,  1 9 7 7 ) .  U n f o r t u n a t e l y ,  t h e  r e s u l t s  o f  e x p e r i m e n t s  o s t e n s i b l y  

s u p p o r t i n g  t h i s  m odel h a v e  b e e n  d e r i v e d  f ro m  s t u d i e s  w hose  v a l i d i t y  

i s  q u e s t i o n a b l e  ( e . g . , F l e t c h e r  & S a t z ,  1 9 7 9 ) .  F o r  e x a m p le ,  i n  many 

c a s e s  t h r e a t s  t o  i n t e r n a l  v a l i d i t y  ( e . g . , c e i l i n g  e f f e c t s )  r e n d e r  

t h e  r e s u l t s  o f  t h e s e  s t u d i e s  u n i n t e r p r e t a b l e .  T h u s ,  t h e r e  h a s
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b ee n  l i t t l e  v a l i d  s u p p o r t  f o r  t h i s  m o d e l .

T h e r e  h a s  b e e n  much s u p p o r t  f o r  t h e  o t h e r  m odel o f  d y s l e x i a ,  t h e  

s e n s o r y  d e f i c i t  m o d e l . T h i s  m odel a r g u e s  t h a t  d y s l e x i a  i s  t h e  r e s u l t  

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

and  i n t e g r a t e  s e q u e n t i a l  v i s u a l  i n f o r m a t i o n .  B e c a u s e  t h e  p ro b lem  i n  

d y s l e x i a  i n v o l v e s  t h e  p e r c e p t i o n  o f  fo rm  i n f o r m a t i o n  ( e . g . , l e t t e r s  

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

d e f i c i t  w ou ld  r e s i d e  w i t h i n  t h e  s u s t a i n e d  ( fo rm  ' p e r c e p t i o n )  p a th w a y .  

The s e n s o r y  d e f i c i t  m odel i s  t h e  o n e  b e i n g  i n v e s t i g a t e d  i n  t h e  

p r e s e n t  s t u d y .  T h u s ,  an  i n d e p t h  r e v i e w  o f  t h e  r e s e a r c h  i n v e s t i g a t i n g  

t h i s  m odel i s  g i v e n  b e lo w .

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

d y s l e x i a  was p e r f o r m e d  by S t a n l e y  an d  H a l l  ( 1 9 7 3 ) .  To a s s e s s  how 

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

r e s e a r c h e r s  co m p ared  t h e  p e r f o r m a n c e  o f  t h e  two g ro u p s  on  t a s k s  

a ssu m ed  t o  i n d e x  t h e  e a r l y  s t a g e s  o f  v i s u a l  i n f o r m a t i o n  p r o c e s s i n g .  

The f i r s t  t a s k  was a  s e q u e n t i a l  t h r e s h o l d  t a s k  i n  w h ic h  two p a r t s  o f  

a  s t i m u l u s  w ere  e x p o s e d  s e q u e n t i a l l y  f o r  20 m sec w i t h  t h e  o n s e t  o f  

e a c h  a s y n c h r o n o u s l y  p r e s e n t e d  ( i . e . ,  a  s p e c i f i e d  t im e  i n t e r v a l  

e l a p s e d  b e tw e e n  t h e  p r e s e n t a t i o n  o f  t h e  f i r s t  and  t h e  s e c o n d  fo rm  

p a r t ) .  The s e c o n d  t a s k  was a  m a s k in g  t a s k  i n  w h ich  t a r g e t  s t i m u l i  

( a l p h a b e t i c  c h a r a c t e r s )  and  m a s k in g  s t i m u l i  ( v i z . , a  s t a t i c  

r e c t a n g u l a r  a r r a y  o f  d o t s )  w e re  s e q u e n t i a l l y  p r e s e n t e d  a t  v a r y in g  

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

S t a n l e y  an d  H a l l  fo u n d  t h a t  d y s l e x i c  c h i l d r e n  r e q u i r e d  

s i g n i f i c a n t l y  l o n g e r  t e m p o r a l  i n t e r v a l s  t h a n  n o n d y s l e x i c  c h i l d r e n
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e i t h e r  t o  d i s t i n g u i s h  s e q u e n t i a l  p r e s e n t a t i o n s  from  s i m u l t a n e o u s  

p r e s e n t a t i o n s  ( s e q u e n t i a l  t h r e s h o l d  t a s k )  o r  t o  c o r r e c t l y  i d e n t i f y  

t h e  a l p h a b e t i c  c h a r a c t e r  p r e s e n t e d  when t h e  mask f o l l o w e d  t h e  

c h a r a c t e r  i n  t im e  (m a sk in g  t a s k ) .  B a se d  on  t h e s e  f i n d i n g s ,  t h e y  

c o n c lu d e d  t h a t  t h e r e  a r e  s i g n i f i c a n t  d i f f e r e n c e s  i n  how d y s l e x i c s  

v e r s u s  n o rm a ls  p r o c e s s  v i s u a l  i n f o r m a t i o n :  v i s u a l  i n f o r m a t i o n

p e r s i s t s  l o n g e r  and  i s  p r o c e s s e d  s l o w e r  f o r  t h e  d y s l e x i c s .

A d d i t i o n a l  s u p p o r t  f o r  t h i s  c o n c l u s i o n  h a s  come fro m  s t u d i e s  

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

d y s l e x i c s  and  n o rm a ls  e m p lo y in g  a  v a r i e t y  o f  s t i m u l u s  p a r a m e t e r s  and  

e x p e r i m e n t a l  t a s k s .  A l l  s t u d i e s  f o u n d  t h a t  d y s l e x i c s  r e q u i r e d  

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

p e r f o r m  t h e  e x p e r i m e n t a l  t a s k s .  T h i s  was t r u e  f o r :  n o n l i n g u i s t i c

s t i m u l i  ( B adcock  & L o v e g r o v e , 1 9 8 1 ;  L o v e g r o v e ,  M ed d le ,  & S l a g h u i s , 

1980 ; S t a n l e y ,  19 7 5 ) ,  l i n g u i s t i c  s t i m u l i  ( D i L o l l o ,  H an so n ,  &

M c I n ty r e ,  1983 ; L o v e g ro v e  & Brown, 1 9 7 8 ) ,  s t i m u l i  o f  v a r y i n g  s p a t i a l  

l o c a t i o n s  an d  o r i e n t a t i o n s  ( e . g . , L o v e g r o v e , B i l l i n g ,  & S l a g h u i s , 

1978 ; O’N e i l l  & S t a n l e y ,  197.6), an d  f o r  r e c o g n i t i o n ,  i n s p e c t i o n ,  and  

i d e n t i f i c a t i o n  t a s k s  ( e . g . , G ro s s h G le n n  & R o th e n b e rg  1984 ; L y le  & 

Goyen, 1975 ; Whyte e t  a l . ,  19 8 5 ) .  T ak e n  t o g e t h e r , t h e  r e s u l t s  o f  

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

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

p e r s i s t e n c e  ( i . e . ,  t h e  r e p r e s e n t a t i o n  o f  a  s t i m u l u s  r e m a in s  w i t h i n  

t h e  v i s u a l  s y s te m  f o r  an e x t e n d e d  l e n g t h  o f  t im e )  f o r  b o t h  l i n g u i s t i c  

an d  n o n l i n g u i s t i c  s t i m u l i .

What a r e  t h e  t h e o r e t i c a l  i m p l i c a t i o n s  o f  t h e  f i n d i n g  t h a t
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d y s l e x i c s  h av e  l o n g e r  t h a n  n o rm a l  d u r a t i o n s  o f  v i s u a l  p e r s i s t e n c e ?  

D i L o l l o , H an so n ,  and  M c I n ty r e  (1 9 8 3 )  p r o p o s e d  an a n s w e r  t o  t h i s  

q u e s t i o n .  They b e l i e v e  t h a t  d y s l e x i c  i n d i v i d u a l s  n o t  o n l y  p r o c e s s  

v i s u a l  i n f o r m a t i o n  a t  a s lo w e r  r a t e , b u t  a l s o  t h a t  t h e y  r e q u i r e  a 

l o n g e r  p e r i o d  o f  t im e  t o  r e c o v e r  f ro m  v i s u a l  s t i m u l a t i o n  ( i . e . ,  a 

l o n g e r  r e f r a c t o r y  p e r i o d ) .  And a  l e n g t h y  r e f r a c t o r y  p e r i o d  w ould  

seem t o  be d e t r i m e n t a l  i n  t h o s e  c i r c u m s t a n c e s  i n  w h ich  v i s u a l  s t i m u l i  

a r e  s e q u e n t i a l  i n  n a t u r e  ( e . g . , r e a d i n g ) .  T h i s  i s  b e c a u s e  t h e  

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

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

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

w h ich  e n t e r e d  t h e  v i s u a l  s y s te m  d u r i n g  t h e  r e f r a c t o r y  p e r i o d  w ould  be  

d e g r a d e d .

' The s p e c i f i c  s t i m u l u s  a t t r i b u t e s  t h a t  w ould  be d e g r a d e d  d ep en d  

on t h e  p a r t i c u l a r  p r o c e s s i n g  s t a g e  i n  q u e s t i o n .  S i n c e  t h e  

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

p h y s i c a l  a t t r i b u t e s  o f  t h e  s t i m u l i  w o u ld  be a f f e c t e d .  T h i s ,  in- t u r n ,  

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

s u c h  p r o p e r t i e s  a s  t h e  s t r u c t u r a l  a n d / o r  c o g n i t i v e  co m p o n en ts  o f  

s t i m u l i  a r e  p r o c e s s e d .  W i t h i n  t h e  p r e s e n t  c o n t e x t ,  a  c h i l d  who i s  

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

s t i m u l i  w ould  n o t  be a b l e  t o  r e a d  w e l l .

I t  i s  i m p o r t a n t  t o  n o t e  t h a t  a  d e v e lo p m e n ta l  t r e n d  to w a r d  n o rm a l  

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

s t u d i e s  ( e . g . , Badcock  & L o v e g r o v e , 1981 ; D i L o l l o ,  H a n so n ,  &

M c I n ty r e ,  1983; L o v eg ro v e  & Brown, 1978 ;  L y le  & G oyen , 1975 ; O 'N e i l l
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& S t a n l e y , 1 9 7 6 ) .  S p e c i f i c a l l y ,  i n  s e p a r a t i o n  t h r e s h o l d  p a r a d i g m s , 

t h e  t e m p o ra l ,  s e p a r a t i o n  r e q u i r e d  by d y s l e x i c  c h i l d r e n  t o  p e r fo rm  

c e r t a i n  e x p e r i m e n t a l  t a s k s  d e c r e a s e d  s i g n i f i c a n t l y  a s  t h e i r  a g e s  

i n c r e a s e d  f ro m  8 t o  14 y e a r s .  T h i s  f i n d i n g  h a s  b e e n  i n t e r p r e t e d  a s  

e v i d e n c e  t h a t  t h e  d e v e lo p m e n t  o f  t h e  v i s u a l  sy s te m  i n  d y s l e x i c s  i s  

d e l a y e d  r e l a t i v e  t o  n o r m a l s .

T h i s  h a s  l e d  some r e s e a r c h e r s  t o  p r o p o s e  t h a t  t h e  s e n s o r y  

d e f i c i t s  e x h i b i t e d  by young  d y s l e x i c s  w i l l ,  i n  a l l  l i k e l i h o o d ,  

d i s a p p e a r  by t h e  t i m e  t h e s e  c h i l d r e n  r e a c h  a d u l t h o o d .  T h i s  p r o p o s a l  

seem s t o  be c o u n t e r i n t u i t i v e ,  h o w e v e r ,  a s  r e s e a r c h  t h a t  h a s  

i n v e s t i g a t e d  t h e  l i t e r a c y  s k i l l s  o f  a d u l t  d y s l e x i c s  h a s  fo u n d  t h a t  

n e i t h e r  a d o l e s c e n t  n o r  a d u l t  d y s l e x i c s  o u tg ro w  t h e i r  p r o b le m s ,  

a l t h o u g h  s i g n i f i c a n t  g a i n s  a r e  made by some i n d i v i d u a l s  ( C r i t c h l e y ,  

1970 ;  F i n u c c i ,  1985; M i l e s ,  1986 ; F e r r e i r a ,  1984; Rawson,- 1968; 

S c a r b o r o u g h ,  1984; S t o n e ,  1 9 8 0 ) .  T h u s ,  i t  seem s v e r y  l i k e l y  t h a t  

d y s l e x i a  d o es  p e r s i s t  bey o n d  t h e  c h i l d h o o d  y e a r s .  I t  i s  n o t  known, 

h o w e v e r ,  w h e th e r  t h e  same s e n s o r y  d e f i c i t s  assum ed  t o  u n d e r l i e  

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

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

To p e r fo rm  t h a t  i n v e s t i g a t i o n ,  t h i s  s t u d y  ex a m in e d  w h e th e r  a d u l t  

d y s l e x i c s  d e m o n s t r a t e  p ro b le m s  i n  t h e  t e m p o r a l  i n t e g r a t i o n  o f  form  

i n f o r m a t i o n  s i m i l a r  t o  t h e  p ro b le m s  d e m o n s t r a t e d  i n  c h i l d  d y s l e x i c s .  

To do s o ,  t h i s  s t u d y  em p lo y ed  a n  e x p e r i m e n t a l  p a r a d ig m  t h a t  p l a c e d  

demands on  t h e  a d u l t  s u b j e c t ' s  a b i l i t y  t o  i n t e g r a t e  v i s u a l  fo rm  

i n f o r m a t i o n  o v e r  t i m e .  T h i s  p a r a d ig m  was o r i g i n a l l y  d e v e lo p e d  by 

M c F a r la n d  (1 9 6 5 )  and  r e f i n e d  by S h o n tz  ( 1 9 6 8 ) .  I n  b r i e f ,  i t  i n v o l v e d
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p r e s e n t i n g  s i d e  o r  a n g l e  p a r t s  o f  a  v i s u a l  form  e i t h e r  s e q u e n t i a l l y  

( i . e . ,  a  s p e c i f i e d  t e m p o r a l  i n t e r v a l  e l a p s e d  b e tw e e n  t h e  p r e s e n t a t i o n  

o f  e a ch  fo rm  p a r t )  o r  s i m u l t a n e o u s l y  ( i . e . ,  a l l  o f  t h e  fo rm  p a r t s  

a p p e a r e d  a t  t h e  same t i m e )  t o  e a c h  s u b j e c t .  The s u b j e c t ’ s  t a s k  was 

t o  j u d g e  i f  t h e  fo rm  p a r t s  w e re  s i m u l t a n e o u s ,  o v e r l a p p i n g ,  o r  

s u c c e s s i v e  i n  t i m e .  B e c a u s e  t h e  s t i m u l i  w e re  p r e s e n t e d  f o v e a l l y  and  

b e c a u s e  t h e  s u b j e c t ' s  r e s p o n s e  was b a s e d  on  p e r c e p t i o n  o f  fo rm ,  i t  i s  

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

s u s t a i n e d  p a th w a y .

S h o n tz  (1 968) e x p a n d e d  upon t h i s  p a ra d ig m  by i n v e s t i g a t i n g ,  i n  

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

( i . e . ,  t h e  o r d e r  o f  s e q u e n c i n g  o f  fo rm  p a r t s )  h a s  on t e m p o r a l  

i n t e g r a t i o n .  H is  f i n d i n g s  r e v e a l e d  t h a t  f o r m - p a r t  c o n f i g u r a t i o n  was 

t h e  o n l y  f a c t o r  s i g n i f i c a n t l y  a f f e c t i n g  t e m p o r a l  I n t e g r a t i o n ..

E m p lo y in g  a  p a r a d ig m  s i m i l a r  t o  t h e  one  d e s c r i b e d  a b o v e ,  t h e  

p r e s e n t  e x p e r im e n t  co m p ared  d y s l e x i c  a d u l t s '  a b i l i t y  t o  i n t e g r a t e  

v i s u a l  fo rm  i n f o r m a t i o n  o v e r  t im e  t o  t h a t  o f  n o r m a l s .  S e n s i t i v i t y  t o  

s e q u e n c i n g  was i n v e s t i g a t e d .  P o o r e r  s e n s i t i v i t y  o f  a d u l t  d y s l e x i c s  

t o  s e q u e n t i a l  fo rm  i n f o r m a t i o n ,  r e l a t i v e  t o  n o r m a l s ,  w as t h e  e x p e c t e d

10

r e s u l t .



METHOD

S u b j e c t s

E i g h t  a d u l t s  (6 m a le s  and  2 f e m a l e s )  who w ere  d i a g n o s e d  a s  

d y s l e x i c  by t h e  R e s o u r c e  C e n t e r  o f  M on tana  S t a t e  U n i v e r s i t y  w ere  p a i d  

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

(6 m a le s  and 2 f e m a l e s )  w ere  a l s o  p a i d  t o  p a r t i c i p a t e .  The a g e s  o f  

t h e  s u b j e c t s  r a n g e d  from  18 t o  37 y e a r s .

I n  a d d i t i o n  t o  b e i n g  e n r o l l e d  a t  M ontana S t a t e  U n i v e r s i t y ,  a l l  

v o l u n t e e r s  h ad  t o  m ee t  t h e  f o l l o w i n g  c r i t e r i a  i n  o r d e r  t o  be a c c e p t e d  

a s  s u b j e c t s :  ( a )  n a t i v e  s p e a k e r s  o f  E n g l i s h ;  (b )  n o rm a l  o r  c o r r e c t e d

t o r n o r m a l  v i s i o n ;  and  ( c )  f r e e  o f  an y  p h y s i c a l ,  m e n t a l , o r  e m o t io n a l  

d i s a b i l i t i e s .  D u r in g  t h e  t r a i n i n g  p e r i o d ,  one d y s l e x i c  m a le  was 

e x c lu d e d  from  t h e  s t u d y  b e c a u s e  he d i d  n o t  have  c o r r e c t e d  t o  n o rm a l  

v i s i o n .

A p p a r a tu s  and  S t i m u l i

A Z-80 m ic ro c o m p u te r  b r e a d b o a r d ,  d e s i g n e d  an d  b u i l t  u s i n g  

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

on  a  T e k t r o n i x  2213A o s c i l l o s c o p e  (P31 p h o s p h o r ) .  The s t i m u l u s  was a  

l u m in o u s  o u t l i n e  s q u a r e  s u b t e n d i n g  a  v i s u a l  a n g l e  o f  I a r c  deg  a t  t h e  

e y e .

P r o c e d u r e

Two l e v e l s . o f  f o r m - p a r t  c o n f i g u r a t i o n  ( s i d e s  v s .  a n g l e s )  w ere  

f a c t o r i a l l y  com bined  w i t h  two l e v e l s  o f  c o n t i g u i t y  ( c o n t i g u o u s  v s .
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n o n c o n t i g u o u s ) w h ich  r e s u l t e d  i n  t h e  f o l l o w i n g  f o u r  e x p e r i m e n t a l  

c o n d i t i o n s  ( s e e  F i g u r e  2 ) :  s i d e s - c o n t i g u o u s , s i d e s - n o n c o n t i g u o u s ,

a n g l e s —c o n t i g u o u s ,  an d  a n g l e s —n o n c o n t i g u o u s . A l l  f o u r  c o n d i t i o n s  

w e re  ra n d o m ly  p r e s e n t e d  t o  t h e  d y s l e x i c  and  no rm al s u b j e c t s .

E ach  s u b j e c t  was g r e e t e d  by t h e  e x p e r i m e n t e r  who e x p l a i n e d  t h e  

g e n e r a l  p u r p o s e  o f  t h e  s t u d y  and  o b t a i n e d  in fo rm e d  c o n s e n t .  Once 

c o n s e n t  was g i v e n ,  t h e  s u b j e c t  was s e a t e d  i n  t h e  d im ly  l i t  v i s i o n  

l a b o r a t o r y  a t  a  d i s t a n c e  o f  65 cm away f ro m  t h e  o s c i l l o s c o p e  s c r e e n .  

As t h e  s u b j e c t  d a r k  a d a p t e d ,  t h e  e x p e r i m e n t e r  r e a d  t h e  i n s t r u c t i o n s  

w h ic h  d e t a i l e d  t h e  e x p e r i m e n t a l  p r o c e d u r e s  and  t a s k s  ( s e e  A p p e n d ix ) .

A l th o u g h  t h e  o c c u r r e n c e  o f  eye  m ovem ents was u n l i k e l y  s i n c e  t h e  

d u r a t i o n s  o f  e x p o s u r e  u s e d  i n  t h e  s t u d y  ( e . g . ,  41 m s e c )  f e l l  w e l l  

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

e y e  m ovem ents ( e . g . , 160 m s e c ) , e a c h  s u b j e c t  was t r a i n e d  on  t h e  

e f f e c t s  o f  eye movement and  t o l d  t o  r e f r a i n  from  i n i t i a t i n g  eye 

m ovem ents d u r i n g  an y  o f  t h e  e x p e r i m e n t a l  t r i a l s .  A l l  s u b j e c t s  

c o m p l ie d  w i t h  t h i s  r e q u e s t .

N e x t ,  t h e  s u b j e c t  p e r f o r m e d  a b r i g h t n e s s  m a tc h in g  t a s k  i n  w h ich  

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

c o n d i t i o n s  w ere  e q u a t e d .  The s t i m u l u s - o n - t i m e  was 2 m s e c ,  t h e  I P I  

was 12 m sec ,  and  t h e  p r e s e n t a t i o n  mode a l t e r n a t e d  b e tw e e n  s e q u e n t i a l  

and  s i m u l t a n e o u s .  The s u b j e c t  s t a t e d  w h e th e r  t h e  s q u a r e s  a p p e a r e d  t o  

be b r i g h t e r ,  d im m er, o r  e q u a l  o v e r  t r i a l s .  The p u r p o s e  o f  t h i s  t a s k  

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

b a s e d  on  t e m p o r a l  c u e s  o n l y  and  n o t  on v a r i a t i o n  i n  b r i g h t n e s s  t h a t



FIGURE 2. Illustration of Experimental Conditions
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m ig h t  c o v a r y  w i t h  t h e  e x p e r i m e n t a l  m a n i p u l a t i o n s .  A l l  s u b j e c t s  

j u d g e d  t h e  s t i m u l i  t o  be e q u a l l y  b r i g h t , i n d i c a t i n g  t h a t  no a p p a r e n t  

b r i g h t n e s s  c u e s  w ere  p r e s e n t  f o r  t h e  s t i m u l i  u s e d .

Upon c o m p l e t i o n  o f  t h e  b r i g h t n e s s  m a tc h in g  t a s k ,  t h e  

e x p e r i m e n t a l  p r o c e d u r e s  w ere  e x p l a i n e d  t o  e a ch  s u b j e c t .  The s u b j e c t  

was t o l d  t h a t  s / h e  w ould  be shown p a r t s  o f  a  s q u a r e  p r e s e n t e d  e i t h e r  

s i m u l t a n e o u s l y , i n  w h ich  t h e  fo rm  p a r t s  o f  t h e  s q u a r e  w e re  p r e s e n t e d  

a t  t h e  same t i m e , o r  s e q u e n t i a l l y ,  i n  w h ic h  e a c h  fo rm  p a r t  was 

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

i n t e r v a l ,  known a s  t h e  i n t e r p a r t  i n t e r v a l  ( I P I ) , e l a p s e d  b e tw e en  t h e  

o f f s e t  and  t h e  o n s e t  o f  t h e  v a r i o u s  fo rm  p a r t s .  The p r e s e n t a t i o n  

o r d e r  was ra n d o m ly  d e t e r m in e d  o v e r  t r i a l s  ( b o t h  t y p e s  o f  p r e s e n t a t i o n  

o c c u r r e d  e q u a l l y ) .  The s u b j e c t  was t o l d  t h a t  t h e  t a s k  was t o  d e c id e  

w h e th e r  t h e  fo rm  p a r t s  o f  t h e  s q u a r e  w e re  p r e s e n t e d  s e q u e n t i a l l y  o r  

s i m u l t a n e o u s l y  on  e a c h  t r i a l .  I n  o r d e r  t o  o b t a i n  a  m e a s u re  o f  

s e n s i t i v i t y  t o  s e q u e n c i n g  f r e e  o f  r e s p o n s e  o r  c r i t e r i o n  b i a s ,  e a c h  

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

s i x  c a t e g o r y  r a t i n g  s c a l e :  " I " ,  s e q u e n t i a l ,  v e r y  s u r e ;  "2 " ,

s e q u e n t i a l ,  f a i r l y  s u r e ;  " 3 " ,  s e q u e n t i a l ,  g u e s s ;  " 4 ” , s i m u l t a n e o u s ,  

g u e s s ;  " 5 " ,  s i m u l t a n e o u s ,  f a i r l y  s u r e ;  an d  " 6" ,  s i m u l t a n e o u s ,  v e r y  

s u r e .  F i n a l l y ,  e a c h  s u b j e c t  was i n s t r u c t e d  t o  d e v e lo p  a  s e t  o f  

p e r c e p t u a l  c r i t e r i a  f o r  d i f f e r e n t i a t i n g  b e tw e en  s e q u e n t i a l  and 

s i m u l t a n e o u s  p r e s e n t a t i o n s  o f  t h e . s q u a r e  and t o  u s e  t h e s e  c r i t e r i a  

t h r o u g h o u t  d a t a  c o l l e c t i o n .

F o rm a l  t r a i n i n g  o f  t h e  s u b j e c t s  on t h e  e x p e r i m e n t a l  t a s k  

o c c u r r e d  d u r i n g  t h e  f i r s t  tw o s e s s i o n s .  The p u r p o s e  o f  t r a i n i n g  was
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t w o f o l d :  ( I )  t o  s t a b i l i z e  e a c h  s u b j e c t ’ s  p e r fo rm a n c e  and  ( 2 ) t o

d e t e r m i n e  t h e  I P I  v a l u e  a t  w h ic h  e a c h  s u b j e c t  a c c u r a t e l y  

d i s c r i m i n a t e d  s e q u e n t i a l  f rom  s i m u l t a n e o u s  p r e s e n t a t i o n  o f  t h e  fo rm  

70% o f  t h e  t im e  f o r  t h e  s i d e s - c o n t i g u o u s  c o n d i t i o n .  T h i s  w i l l  be 

r e f e r r e d  t o  a s  t h e  I P I  t h r e s h o l d .

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

e x p e r i m e n t a l  c o n d i t i o n  t o  e a c h  s u b j e c t  f o r  s i x  b l o c k s  o f  50 t r i a l s  

e a c h  p e r  t r a i n i n g  s e s s i o n .  E ach  t r i a l  b eg a n  w i t h  a  s i m u l t a n e o u s  

w a r n in g  " beep "  and p l o t t i n g  o f  a  f i x a t i o n  p o i n t .  One s e c o n d  l a t e r ,  

t h e  s q u a r e  was d i s p l a y e d  an d  t h e  s u b j e c t  gave  h i s / h e r  r e s p o n s e .  F o u r  

s e c o n d s  l a t e r , t h e  b e e p  s o u n d e d  a g a i n  and  t h e  f i x a t i o n  p o i n t  was on ce  

a g a i n  p l o t t e d ,  i n d i c a t i n g  t h e  b e g i n n i n g  o f  a n o t h e r  t r i a l .  F eed b a ck  

was g iv e n  t h r o u g h o u t  t r a i n i n g .

T h re e  s e s s i o n s  o f  f o r m a l  d a t a  c o l l e c t i o n  f o l l o w e d  t h e  t r a i n i n g  

s e s s i o n s .  F o r  t h e s e  s e s s i o n s ,  t h e  I P I  t h r e s h o l d  e s t a b l i s h e d  f o r  t h e  

s i d e s - c o n t i g u o u s  c o n d i t i o n  d u r i n g  p r a c t i c e  was u s e d  d u r i n g  

p r e s e n t a t i o n  o f  t h e  f o u r  e x p e r i m e n t a l  c o n d i t i o n s .  By h o l d i n g  IP I  

c o n s t a n t ,  a c r o s s  c o n d i t i o n s ,  r e c o g n i t i o n  p e r fo rm a n c e  was a l lo w e d  t o  

v a r y .  A l l  f o u r  e x p e r i m e n t a l  c o n d i t i o n s  w ere  p r e s e n t e d  i n  two 

c o n s e c u t i v e  b l o c k s , w i t h  a  t w o - m in u te  r e s t  p e r i o d  p r o v i d e d  a f t e r  t h e  

f i r s t  b l o c k  and  a  f i v e - m i n u t e  r e s t  p e r i o d  p r o v i d e d  a f t e r  t h e  s e c o n d  

b l o c k .  T h u s ,  d a t a  c o l l e c t i o n  i n v o l v e d  e i g h t  b l o c k s  o f  50 t r i a l s  e a c h  

f o r  a  t o t a l  o f  400 t r i a l s  p e r  s e s s i o n  ( 1 00 t r i a l s  p e r  c o n d i t i o n ) .

The o r d e r  o f  p r e s e n t a t i o n  o f  e a c h  c o n d i t i o n  was d e t e r m in e d  r a n d o m ly .  

No f e e d b a c k  was g iv e n  d u r i n g  t h e  s e s s i o n s .

F i n a l l y ,  e a c h  s u b j e c t  was q u e s t i o n e d ,  d e b r i e f e d ,  an d  p a i d  by t h e
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e x p e r i m e n t e r  when a l l  f i v e  s e s s i o n s  h ad  b ee n  c o m p le t e d .
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RESULTS

B e f o r e  t h e  d a t a  w e re  s t a t i s t i c a l l y  a n a ly z e d  f o r  r e l i a b i l i t y ,  t h e  

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

t h e  e x p e r i m e n t a l  c o n d i t i o n s  w e re  t r a n s f o r m e d  i n t o  h i t  and  f a l s e  a l a r m  

r a t e s  and  t h e n  p l o t t e d  a g a i n s t  one a n o t h e r  on r e c e i v e r — o p e r a t i n g -  

c h a r a c t e r i s t i c  (ROC) c u r v e s  u s i n g  d o u b le  p r o b a b i l i t y  a x e s  (G reen  & 

S w e t s , 19 6 6 ) .  T h i s  was done i n  o r d e r  t o  d e t e r m in e  w h e th e r  t h e  

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

( e . g . ,  d * ) w e re  m e t .  I n s p e c t i o n  o f  t h e  ROC c u r v e s  r e v e a l e d  t h a t  t h e  

a s s u m p t i o n s  w e re  n o t  m e t .  T h e r e f o r e ,  an u n b i a s e d  n o n p a r a m e t r i c  

m e a s u re  o f  s e n s i t i v i t y ,  t h e  a r e a  u n d e r  t h e  ROC c u r v e  P ( A ) , was 

c a l c u l a t e d  an d  an  a r c  s i n  t r a n s f o r m a t i o n  p e r fo rm e d  (McNic o l ,  1 9 7 2 ) .  

F o u r  a r e a  v a l u e s ,  o n e  f o r  e a c h  c o n d i t i o n ,  w e re  c a l c u l a t e d  f o r  e a ch  

s u b j e c t  f o r  a  t o t a l  o f  60 a r e a  v a l u e s .

A 2 x 2 x 2 t h r e e - w a y  A n a l y s i s  o f  V a r i a n c e  (ANOVA) f o r  s p i l t  

p l o t  d e s i g n s  was c a l c u l a t e d  on  t h e  s e n s i t i v i t y  d a t a  ( s e e  T a b le  I ) .  

T h i s  a n a l y s i s  r e v e a l e d  t h a t  s e n s i t i v i t y  t o  s e q u e n c i n g  was n o t  

s i g n i f i c a n t l y  a f f e c t e d  by d i s a b i l i t y  (F < 1 . 0 ) .  The s e n s i t i v i t y  o f  

d y s l e x i c s  and  n o rm a ls  was e q u i v a l e n t .  H ow ever , s e n s i t i v i t y  was 

s i g n i f i c a n t l y  a f f e c t e d  by c o n f i g u r a t i o n ,  F ( 1 ,  13) = 1 7 .0 8 0 ,  p < .0 0 5 .  

A l l  s u b j e c t s ,  r e g a r d l e s s  o f  c l a s s i f i c a t i o n ,  w e re  m ore  s e n s i t i v e  t o  

s e q u e n c i n g  w i t h  a n g l e  p a r t s  t h a n  w i t h  s i d e  p a r t s .  S e n s i t i v i t y  was 

r e l i a b l y  a f f e c t e d  by c o n t i g u i t y ,  F ( I , 13) = 1 5 .0 0 0 ,  p < .0 0 5 .
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S e n s i t i v i t y  was g r e a t e r  w i t h  c o n t i g u o u s  p r e s e n t a t i o n s  t h a n  w i t h  

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

r e v e a l e d  a  s i g n i f i c a n t  i n t e r a c t i o n  b e tw e e n  c o n t i g u i t y  an d  d i s a b i l i t y ,  

F ( 1 , 13) = 7 0 . 0 0 0 ,  p < . 0 0 1 .  H e r e ,  n o r m a l s  w e re  m ore  s e n s i t i v e  t o  

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

p r e s e n t a t i o n s ,  w h e r e a s  d y s l e x i c s  d i d  n o t  d i f f e r  b e tw e e n  t h e  two 

c o n d i t i o n s .  And f i n a l l y ,  t h e  a n a l y s i s  a l s o  r e v e a l e d  a  s i g n i f i c a n t  

i n t e r a c t i o n  b e tw e e n  c o n f i g u r a t i o n  and  c o n t i g u i t y ,  F ( I , 13) = 1 0 5 .9 3 0 ,  

p < .0 0 1 .  S e n s i t i v i t y  was g r e a t e r  u n d e r  t h e  n o n c o n t i g u o u s  c o n d i t i o n  

when a n g l e s  w e re  u s e d ,  h o w e v e r ,  i t  was g r e a t e r  u n d e r  t h e  c o n t i g u o u s  

c o n d i t i o n  when s i d e s  w e re  u s e d .

T a b l e  I . A n a l y s i s  o f  V a r i a n c e  Com puted  on  t h e  A re a  U nder  t h e  ROC 
C u rv e  a s  a  M e a s u re  o f  S e n s i t i v i t y  t o  S e q u e n c i n g .

S o u r c e SS d f MS F
B etw een 3 .660 14 - -

D i s a b i l i t y  (D) 0 .260 I 0 .2 6 0 0 .9 9 2
e r r o r 3 .4 0 0 13 0 .262 —

W i t h i n 2 .611 35 — —
C o n f i g u r a t i o n  (C) 1 .2 3 0 I I .230 1 7 . 080 *
D x C 0 .0 0 2 I 0 .002 0 .0 28

e r r o r 0 .9 3 8 13 0.072

C o n t i g u i t y  (CO) 0 .030 I 0 .030 1 5 .0 0 0 *
D x CO 0 .1 4 0 I 0 .1 4 0 7 0 . 000 **

e r r o r 0 .020 13 0.002

C x CO 0 .220 . I 0 .220 1 0 5 .9 3 0 * *
D x C x CO 0 .0 0 4 I 0 .0 0 4 1 .9 3 0

e r r o r 0 .0 2 7 13 0.002 —
* p < .0 0 5

** p < .001

By a v e r a g i n g  t h e  c u m u l a t i v e  P(A) d a t a  o f  t h e  n o rm a l  s u b j e c t s  

( s e e  F i g u r e  3) an d  t h e  d y s l e x i c  s u b j e c t s  ( s e e  F i g u r e  4) w i t h i n



19

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

s e n s i t i v i t y  t o  s e q u e n c i n g  a r e  su m m arize d  i n  p i c t o r i a l  f o r m .



P(
SE

Q
IS

E
Q

)

FIGURE 3 .  A v e ra g e  R e c e i v e r - O p e r a t i n g - C h a r a c t e r i s t i c  (ROC) C u rv es  o f  N o n d y s l e x i c s  
f o r  t h e  E x p e r im e n ta l  C o n d i t i o n s

S i d e s - C o n t ig u o u s
S id e s - N o n c o n t ig u o u s
A n g le s - C o n t ig u o u s
A n g le s - N o n c o n t ig u o u s

P(SEQiSIM)
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FIGURE 4 .  A v e ra g e  R e c e i v e r - O p e r a t i n g - C h a r a c t e r i s i t c  (ROC) C u rv es  o f  D y s l e x i c s  
f o r  t h e  E x p e r im e n ta l  C o n d i t i o n s

S i d e s - C o n t ig u o u s  
S id e s - N o n c o n t ig u o u s  
A n g l e s - C o n t ig u o u s  
A n g le s - N o n c o n t ig u o u s

P(SEQt SIM)
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DISCUSSION

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

t h e  n o rm a ls  t o  s e q u e n t i a l  fo rm  i n f o r m a t i o n  i s  s u p e r i o r  t o  t h a t  o f  

* d y s l e x i c s  when p a r t s  o f  a  s t i m u l u s  a r e  p r e s e n t e d  c o n t i g u o u s l y .  The 

n o rm a ls  a r e  a b l e  t o  d i s c r i m i n a t e  s e q u e n t i a l  from, s i m u l t a n e o u s  

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

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

fo rm  i n f o r m a t i o n  i s  s lo w e r  w i t h i n  t h e  v i s u a l  s y s te m s  o f  d y s l e x i c s ,  o r  

i n  o t h e r  w o rd s ,  f o r  d y s l e x i c s ,  fo rm  i n f o r m a t i o n  p e r s i s t s  l o n g e r  

( i . e . ,  p o o r e r  t e m p o r a l  a c u i t y ) .

What i s  t h e  e x p l a n a t i o n  f o r  t h e s e  r e s u l t s ?  I t  may be a r g u e d ,  

f o r  e x a m p le ,  t h a t  t h e  d i f f e r e n c e s  b e tw e e n  d y s l e x i c s  an d  n o rm a ls  u n d e r  

t h e s e  c o n d i t i o n s  c o u ld  be t h e  r e s u l t  o f  s a m p l in g ,  r e s p o n s e ,  o r  

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

h o w e v e r ,  b e c a u s e  t h e  same s u b j e c t s  w e re  u s e d  u n d e r  a l l  f o u r  

e x p e r i m e n t a l  c o n d i t i o n s .  The p o s s i b i l i t y  t h a t  t h e s e  d i f f e r e n c e s  a r e  

due t o  r e s p o n s e  o r  c r i t e r i o n  b i a s e s  i s  a l s o  r u l e d  o u t  s i n c e . t h e  

a v e r a g e  m is s  and  f a l s e  a l a r m  r a t e s  w e re  com pared  u s i n g  t h e  Mann- 

W h i tn e y  U T e s t  and  no s i g n i f i c a n t  d i f f e r e n c e s  w ere  f o u n d .

The m o s t  l i k e l y  e x p l a n a t i o n  i s  t h a t  a  t e m p o r a l  i n t e g r a t i o n  

d e f i c i t  e x i s t s  w i t h i n  t h e  v i s u a l  p a th w a y  o f  t h e  a d u l t  d y s l e x i c s .  I n  

t h i s  v ie w ,  s lo w e r  p r o c e s s i n g  o f  fo rm  i n f o r m a t i o n  w ou ld  mean t h a t  t h e  

n e u r a l  r e p r e s e n t a t i o n  o f  s u c c e s s i v e  s t i m u l i . s h o u ld  p e r c e p t u a l l y
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o v e r l a p  i n  t i m e .  I n  t h e  p r e s e n t  s t u d y ,  t h e  r e p r e s e n t a t i o n  o f  

s e q u e n t i a l  fo rm  p a r t s  o v e r l a p p e d  i n  t h e  v i s u a l  s y s t e m s  o f  t h e  

d y s l e x i o s , an d  c o n s e q u e n t l y ,  t h e s e  r e p r e s e n t a t i o n s  w ere  more o f t e n  

p e r c e i v e d  a s  s i m u l t a n e o u s  r a t h e r  t h a n  s e q u e n t i a l .

One c o n s e q u e n c e  o f  h a v i n g  t e m p o r a l  o v e r l a p  o f  r e p r e s e n t a t i o n s  i s  

t h a t  t h e  c h a r a c t e r i s t i c s  o f  t h o s e  r e p r e s e n t a t i o n s  ( i . e . ,  s i z e ,  s h a p e ,  

e t c . )  w o u ld  be d e g r a d e d :  i n  o t h e r  w o rd s ,  e a c h  r e p r e s e n t a t i o n  o f  a 

g i v e n  s t i m u l u s  w ould  i n t e r f e r e  w i t h  o n e  a n o t h e r . T h i s  i d e a  i s  

s i m i l a r  t o  t h e  e x p l a n a t i o n  p ro p o s e d  f o r  s u c h  phenomena a s  v i s u a l  

m ask in g  ( e . g . , F ox , 1978; Kahnman, I 9 6 8 ) .  I n  m a s k in g ,  t h e  p r e s e n c e  

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

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

im p a i rm e n t  i s  p r e s u m a b ly  due t o  i n t e r f e r e n c e  b e tw e en  t h e  n e u r a l  

r e p r e s e n t a t i o n s  o f  t a r g e t  and  m a s k . '

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

i n t e r f e r e n c e  w ou ld  a p p l y  t o  t h e  p r o c e s s i n g  o f  a l p h a b e t i c  and  

l i n g u i s t i c  s t i m u l i ,  s u c h  a s  l e t t e r s .  Such d e g r a d a t i o n  o f  t h e  

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

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

d i f f i c u l t y  i n  d i f f e r e n t i a t i n g  b e tw e e n  l e t t e r s  o f  s i m i l a r  

c o n f i g u r a t i o n .  I t  seem s t h a t  t h i s  i s ,  i n  f a c t ,  w ha t  h a p p e n s  s i n c e  

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

l o o k  a l i k e .

Now t u r n i n g  t o  t h e  o t h e r  r e s u l t s ,  i t  was fo u n d  t h a t  a l l  

s u b j e c t s ,  r e g a r d l e s s  o f  c l a s s i f i c a t i o n ,  w e re  more s e n s i t i v e  t o  

s e q u e n c i n g  w i t h  a n g l e  p a r t s  t h a n  w i t h  s i d e  p a r t s .  A l th o u g h  t h i s



r e s u l t  d o es  n o t  b e a r  d i r e c t l y  on  t h e  i s s u e s  a d d r e s s e d  i n  t h i s  s t u d y ,  

i t  d o es  s u p p o r t  t h e  c o n c l u s i o n  o f  M c F a r la n d  (1 9 6 5 )  and  S h o n tz  (1 9 6 8 )  

t h a t  a n g l e s  and  s i d e s  a r e  i n t e g r a t e d  d i f f e r e n t i a l l y  w i t h i n  t h e  v i s u a l  

s y s t e m .  And f i n a l l y ,  i t  was fo u n d  t h a t  s u b j e c t s  w e re  m ore  s e n s i t i v e  

u n d e r  t h e  n o n c o n t i g u o u s  c o n d i t i o n  when a n g l e s  w ere  u s e d ,  w h e re a s  t h e y  

w e re  m ore  s e n s i t i v e  u n d e r  t h e  c o n t i g u o u s  p r e s e n t a t i o n  when s i d e s  w ere  

u s e d .  T h i s  i n t e r a c t i o n  b e tw e en  c o n f i g u r a t i o n  and  c o n t i g u i t y ,  w h i l e  

r e l i a b l e , was u n e x p e c t e d  a n d , t o  d a t e ,  r e m a in s  u n e x p l a i n e d .

B a se d  on  t h e  p r i n c i p l e  r e s u l t s  o f  t h i s  s t u d y ,  i t  i s  c o n c lu d e d  

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

c h i l d h o o d  d y s l e x i a ,  e x i s t s  w i t h i n  t h e  v i s u a l  p a th w ay  o f  a d u l t  

d y s l e x i c s .  I t  s e e m s , t h e r e f o r e ,  t h a t  t h e  i n t e g r a t i o n  d e f i c i t s  

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

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

d i r e c t  c o n t r a d i c t i o n  w i t h  t h e  b e l i e f  h e l d  by many t h e o r i s t s  ( e . g . , 

B adcock  & L o v e g r o v e , 1981 ; D i L o l l o ,  H a n so n ,  & M c I n ty r e ,  1983; 

Lovegrove & Brown, 1978 ; L y le  & G o y en , 1975; O’ N e i l l  & S t a n l e y ,  1976) 

t h a t  t h e  s e n s o r y  d e f i c i t s  o f  c h i l d h o o d  d y s l e x i a  d i m i n i s h  w i th  

m a t u r i t y .  An i m p o r t a n t  d i r e c t i o n  f o r  f u t u r e  r e s e a r c h  i s  t o  com pare 

d i r e c t l y  t e m p o r a l  i n t e g r a t i o n  o f  fo rm  i n f o r m a t i o n  i n  a d u l t  and c h i l d

d y s l e x i c s .
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APPENDIX 

S e s s i o n  #1

G e n e r a l  s t i m u l u s  v i e w i n g  i n s t r u c t i o n s

The beep  you  h e a r d  i s  a  w a r n i n g  b e e p .  When i t  s o u n d s , i t  

s i g n i f i e s  t h a t  t h e  s t i m u l u s  w i l l  be  p r e s e n t e d  i n  o n e  s e c o n d .  When 

t h e  b ee p  s o u n d s , f i x a t e  t h e  s p o t  s t e a d i l y .  Do n o t  b l i n k .  Do n o t  move 

y o u r  h e a d .  A f t e r  t h e  s t i m u l u s  h a s  b e e n  p r e s e n t e d ,  you may b l i n k  o r  

s h i f t  y o u r  p o s i t i o n  s l i g h t l y  i f  n e c e s s a r y .  Remember,  when t h e  beep  

s o u n d s ,  f i x a t e  t h e  s p o t  o f  l i g h t ,  do n o t  b l i n k  o r  move y our  h e a d .

I f  y o u r  e y e s  o r  h e a d  a r e  m ov ing  d u r i n g  t h e  s t i m u l u s  

p r e s e n t a t i o n ,  you may o b s e r v e  o n e  o f  t h e  f o l l o w i n g  t h i n g s .  The 

f i g u r e  may a p p e a r  t o  come a p a r t  o r  you may s e e  a  d o u b l e  o r  b l u r r e d  

i m a g e .  ( S u b j e c t  was i n s t r u c t e d  t o  move h e r / h i s  h e a d  w h i l e  t h e  

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

p h en o m en a . )  I f  t h e  image f r a g m e n t s ,  b l u r s ,  o r  i s  d o u b l e  I  want  you 

t o  a l w a y s  r e s p o n d  by s a y i n g  " z e r o " .

B r i g h t n e s s  m a tch  i n s t r u c t i o n s

The f i r s t  t a s k  I  wan t  you t o  p e r f o r m  i s  a  b r i g h t n e s s  m a t c h i n g  

t a s k .  I  w i l l  p r e s e n t  t h e  s t i m u l u s  a  number  o f  t i m e s  i n  a  ro w .  Your 

t a s k  i s  t o  com pare  e a c h  s t i m u l u s  j u s t  o b s e r v e d  w i t h  t h e  j u s t  

p r e v i o u s l y  o b s e r v e d  s t i m u l u s  and  make t h e  j u d g m e n t —  " B r i g h t e r " , 

"Dimmer" ,  o r  " S a m e " . Base  y our  j u d g m e n t  on your  o v e r a l l  i m p r e s s i o n
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o f  t h e  b r i g h t n e s s  o f  t h e  s q u a r e .  Keep m ak in g  t h e  m a t c h i n g  j u d g m e n t s  

a s  l o n g  a s  t h e  s q u a r e  i s  p r e s e n t e d .

R a t i n g  p r o c e d u r e

Now I  am g o i n g  t o  p r e s e n t  t h e  s t i m u l u s  fo rm  i n  s e v e r a l  b l o c k s  o f  

t r i a l s ,  t h e  fo rm  p a r t s  w i l l  be p r e s e n t e d  s e q u e n t i a l l y  h a l f  t h e  t i m e  

and s i m u l t a n e o u s l y  h a l f  t h e  t i m e .  The o r d e r  i n  w h ich  t h e s e  t y p e s  o f  

p r e s e n t a t i o n s  a r e  made w i l l  v a r y  r a n d o m l y .

Your t a s k  i s  t o  d e c i d e  w h e t h e r  t h e  fo rm  p a r t s  w e re  p r e s e n t e d  

s i m u l t a n e o u s l y  o r  s e q u e n t i a l l y  e a c h  t i m e  and a l s o  t o  g i v e  me an 

e s t i m a t e  o f  how s u r e  you a r e  you h a v e  made t h e  r i g h t  c h o i c e .  To do 

t h i s ,  you w i l l  u s e  a  s i x  p o i n t  r a t i n g  s c a l e .  The s c a l e  i s  as  

f o l l o w s :

"I - S e q u e n t i a l ,  v e r y  s u r e "

"2 - S e q u e n t i a l ,  f a i r l y  s u r e "

"3 - S e q u e n t i a l , g u e s s "

"4 - S i m u l t a n e o u s ,  g u e s s "

"5 - S i m u l t a n e o u s ,  f a i r l y  s u r e "

"6 - S i m u l t a n e o u s ,  v e r y  s u r e "

Use " z e r o "  f o r  f r a g m e n t e d ,  d o u b l e ,  o r  b l u r r e d  i m a g e s .

Now l e t ’ s  p r a c t i c e  u s i n g  t h e  s c a l e  t o  be  s u r e  you h a v e  t h e  

l a b e l s  and  num bers  c o r r e c t l y  m a t c h e d .  ( E x p e r i m e n t e r  g av e  numbers  and 

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

p r a c t i c e . )  Now l e t ’ s  p r a c t i c e  w h i l e  a c t u a l l y  v i e w i n g  t h e  s t i m u l u s  

p r e s e n t a t i o n .  W h i l e  v i e w i n g  t h e  s t i m u l u s  you may s e e  a  d a r k  a r e a  

t h a t  a p p e a r s  t o  be a  b r e a k  i n  t h e  l i n e . '  T h i s  i s  n o t  a b r e a k  i t  i s
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m e r e l y  t h e  g r i d  l i n e s  on t h e  s c o p e  f a c e .  I t  i s  i m p o r t a n t  f o r  you t o  

i g n o r e  t h i s  and t o  m a i n t a i n  y o u r  f o c u s  on  t h e  f i x a t i o n  s p o t .  P l e a s e  

g i v e  t h e  c o m p l e t e  number  and l a b e l  c o m b i n a t i o n  f o r  t h e  c a t e g o r y  you 

w i s h  t o  u s e  e a c h  t i m e  you r e s p o n d .  ( S u b j e c t  p r a c t i c e d  v i e w i n g  

p r e s e n t a t i o n s  w i t h  i n t e r p a r t  i n t e r v a l s  o f  20 m s e c ) .  As you become 

more  f a m i l i a r  w i t h  t h e  t a s k  work a t  m ak in g  y our  j u d g m e n t s  a s  s o o n  

a f t e r  t h e  s t i m u l u s  p r e s e n t a t i o n  a s  p o s s i b l e .

B e f o r e  e a c h  b l o c k  o f  t r i a l s ,  I  w i l l  r e h e a r s e  you a  fe w  t i m e s  on 

t h e  s c a l e  t o  make s u r e  you a r e  u s i n g  t h e  numbers  and  l a b e l s  

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

s e q u e n t i a l l y  h a l f  t h e  t i m e  and s i m u l t a n e o u s l y  h a l f  t h e  t i m e .

T r y  t o  u s e  a l l  t h e  c a t e g o r i e s  o f  t h e  s c a l e .  Of c o u r s e  you 

s h o u l d  make f e w e r  m i s t a k e s  when you u s e  c a t e g o r i e s  I a n d  6 t h a n  when 

you u s e  c a t e g o r i e s  2 and 5 .  L i k e w i s e ,  you s h o u l d  make f e w e r  m i s t a k e s  

when you u s e  c a t e g o r i e s  2 an d  5 t h a n  when you u s e  c a t e g o r i e s  3 an d  4.

( S u b j e c t s  w e re  g i v e n  p r a c t i c e  i n  v i e w i n g  t h e  s t i m u l u s  

p r e s e n t a t i o n s ) .

Now we w i l l  b e g i n  t h e  f i r s t  o f  two t r a i n i n g  s e s s i o n s .  The 

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

c r i t e r i a  f o r  y o u r  j u d g m e n t s  o f  how t h e  fo rm  p a r t s  w e re  p r e s e n t e d ,  

t h a t  i s ,  s e q u e n t i a l l y  o r  s i m u l t a n e o u s l y .  I t  i s  e x t r e m e l y  i m p o r t a n t  

t h a t  you m a i n t a i n  a c o n s i s t e n t  l e v e l  o f  a t t e n t i o n  a t  a l l  t i m e s  when 

you a r e  v i e w i n g  t h e  d i s p l a y .  You s h o u l d  d e t e r m i n e  t h e  l e v e l  o f  

a t t e n t i o n  you c a n  m a i n t a i n  d u r i n g  t h i s  t r a i n i n g  s e s s i o n .  Then 

m a i n t a i n  t h a t  same l e v e l  o f  a t t e n t i o n  o n c e  t h e  d a t a  c o l l e c t i o n  

s e s s i o n s  b e g i n .  I f  a n y t h i n g  i s  k e e p i n g  you f rom  g i v i n g  t h e  d i s p l a y
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y o u r  u n d i v i d e d  a t t e n t i o n ,  l e t  me know and we w i l l  s t o p  and  a t t e m p t  t o  

c o r r e c t  t h e  s i t u a t i o n .

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

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

t h e  end  o f  t o d a y ' s  s e s s i o n  you s h o u l d  h av e  i n  mind t h e  

c h a r a c t e r i s t i c s  o f  t h e  d i s p l a y  w h i c h  d i f f e r e n t i a t e  f o r  you between 

t h e  s e q u e n t i a l  and s i m u l t a n e o u s  p r e s e n t a t i o n  o f  fo rm  p a r t s .

(The r a t i n g  s c a l e  was r e v i e w e d  a t  t h i s  p o i n t . )

( G e n e r a l  v i e w i n g  i n s t r u c t i o n s  w e r e  r e v i e w e d . )

P r e s e n t a t i o n  c o n d i t i o n s

Remember, t h e  fo rm  p a r t s  a r e  p r e s e n t e d  s e q u e n t i a l l y  h a l f  t h e  

t i m e  and  s i m u l t a n e o u s l y  h a l f  t h e  t i m e .  The o r d e r  i n  w h i c h  t h e s e  

c o n d i t i o n s  a r e  p r e s e n t e d  i s  r a n d o m . T h e r e f o r e ,  t h e r e  i s  no p a t t e r n  

t o  t h e  o r d e r  i n  w h i c h  t h e  c o n d i t i o n s  a r e  p r e s e n t e d .  The same 

c o n d i t i o n  ca n  o c c u r  s e v e r a l  t i m e s  i n  a  row o r  an y  c o m b i n a t i o n  o f  

p a t t e r n s  c a n  o c c u r .  Base  y o u r  j u d g m e n t  s o l e l y  on  t h e  c h a r a c t e r i s t i c s  

you o b s e r v e  i n  t h e  s t i m u l u s  p r e s e n t a t i o n .  Do n o t  b a s e  y o u r  r e s p o n s e  

on a  p a r t i c u l a r  p a t t e r n  o f  p r e v i o u s  r e s p o n s e s .

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

H o w e v e r , do n o t  f o r c e  a  d i s t r i b u t i o n  o f  yo u r  r e s p o n s e s  among t h e  

c a t e g o r i e s  i n  any  a r t i f i c i a l  m a n n e r . I n  o t h e r  w o r d s ,  c a l l  them t h e  

way you s e e  them b a s e d  on y o u r  c r i t e r i a .

Remember , when u s i n g  t h e  s c a l e  c a t e g o r i e s , you s h o u l d  make f e w e r  

m i s t a k e s  when you u s e  c a t e g o r i e s  I an d  6 ( v e r y  s u r e )  t h a n  when you 

u s e  c a t e g o r i e s  2 an d  5 ( f a i r l y  s u r e ) .  L i k e w i s e ,  you s h o u l d  make
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f e w e r  m i s t a k e s  w i t h  c a t e g o r i e s  2 an d  5 t h a n  you do w i t h  c a t e g o r i e s  3 

and 4 -  t h e  g u e s s  c a t e g o r i e s .

S e s s i o n  #2

G e n e r a l  i n s t r u c t i o n s

T h i s  i s  t h e  s e c o n d  o f  t h e  t r a i n i n g  s e s s i o n s .  By now you s h o u l d  

h av e  y o u r  c r i t e r i a  f o r  t h e  s e q u e n t i a l  and s i m u l t a n e o u s  j u d g m e n t s  

f a i r l y  w e l l  i n  m in d .  . Today you s h o u l d  be f u r t h e r  c o n f i r m i n g  t h e s e  

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

v a r i o u s  c a t e g o r i e s  o f  s e q u e n t i a l  and  s i m u l t a n e o u s .

Remember ,  keep  y o u r  a t t e n t i o n  l e v e l  c o n s i s t e n t .  A l s o  work 

t o w a r d s  c o n s i s t e n c y  i n  t h e  u s e  o f  y o u r  c r i t e r i a .  C o n s i s t e n c y  i n  

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

s e s s i o n s .

( S u b j e c t s  p r a c t i c e d  u s e  o f  t h e  r a t i n g  s c a l e . )

( G e n e r a l  v i e w i n g  i n s t r u c t i o n s  w e r e  r e v i e w e d . )

( P r e s e n t a t i o n  c o n d i t i o n s  w e re  r e v i e w e d . )

S e s s i o n s  3 ,  4 ,  and 5

G e n e r a l  i n s t r u c t i o n s

T h i s  i s  t h e  ( f i r s t ,  s e c o n d ,  t h i r d )  d a t a  c o l l e c t i o n  s e s s i o n .  

Remember ,  a  c o n s i s t e n t  l e v e l  o f  a t t e n t i o n  i n  v i e w i n g  t h e  s t i m u l u s  and 

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

( S u b j e c t s  w e re  g i v e n  p r a c t i c e  i n  u s e  o f  t h e  r a t i n g  s c a l e . )  ■ 

( G e n e r a l  v i e w i n g  i n s t r u c t i o n s  w e re  r e v i e w e d . )

( P r e s e n t a t i o n  c o n d i t i o n s  w e r e  r e v i e w e d . )



Give me t h e  c o m p l e t e  n u m b e r - l a b e l  c o m b i n a t i o n  o f  t h e  r a t i n g  

s c a l e  d u r i n g  t h e  warm-up  t r i a l s .  At  t h e  b e g i n n i n g  o f  e a c h  b l o c k  o f  

t r i a l s  g i v e  me t h e  c o m p l e t e  n u m b e r - l a b e l  c o m b i n a t i o n  f o r  t h e  f i r s t  

fe w  t r i a l s .  Then f o r  t h e  r e s t  o f  t h e  t r i a l s  i n  t h e  b l o c k ,  you may 

d r o p  t h e  l a b e l  a n d  g i v e  o n l y  t h e  c a t e g o r y  number a s  a  r e s p o n s e .
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