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Abstract

ANALYSIS OF VISUAL SCANNING STRATEGIES IN DYSLEXIC CHILDREN

by

Brenda Eskenazi 

Advisor: P ro fe s so r  Sidney P. Diamond

The purpose of  the p re sen t  s tudy was to determine the  na tu re  and 

e x t e n t  o f  v isuopercep t ive  d e f i c i t s  in a sample of  d ys lex ic  ch i ld ren  and 

to  i n v e s t i g a t e  the  eye movement s t r a t e g i e s  used by th e se  c h i ld re n  in the 

p rocess ing  o f  "non-verbal"  in form at ion .

F i f t e e n  matched p a i r s  o f  d y s le x ic  boys and normal male r e a d e r s ,  

with a mean age o f  12 y e a r s ,  o f  a t  l e a s t  average i n t e l l i g e n c e  were e v a lu a t ­

ed on an assor tment  of  v i su o s p a t i a l  ta sk s  inc luding  the Ravens Coloured 

P ro g re s s iv e  M atr ices ,  two embedded f ig u r e s  ta sk s ,an d  a c i r c l e - s i z e  matching 

t e s t .  In a d d i t i o n ,  measures of  scanning eye movements were recorded during 

v isua l  s e a r c h ,  loca t io n  of  embedded f ig u r e s  (EFT), survey o f  the Elkind 

t r i a n g le ,  and reading .  The f i e l d  o f  search  t a s k ,  which requ i red  the sub jec t  

to  l o c a t e  a t a r g e t  matching a c e n t r a l  s tan d a rd ,  a l s o  included v a r i a t io n s

in  a r r a y  d e n s i t y ,  in the r e l a t i v e  f a m i l i a r i t y  of the elements in the  a r ray ,

and in the  t i l t  o f  these  elements.

The fo l lowing  s i g n i f i c a n t  r e s u l t s  were obta ined:

1. Dyslexic ch i ld ren  made more e r r o r s  than c o n t ro ls  on the more d i f f i ­

c u l t  EFT but  showed no d i f f e r e n c e s  from con t ro ls  on the  remaining v isuospat ia



t a sk s .

2. Dyslexic ch i ld re n  showed longer  l a t e n c i e s  than c o n t r o l s  on the 

f i e l d  o f  search  ta sk .

3. Dyslexic c h i ld re n  had longer  search  times than c o n t r o l s  in 

f ind ing  an un fa m i l ia r  symbol than a f a m i l i a r  o b jec t  in a f i e l d  o f  search 

ta sk ,an d  in lo c a t in g  a t a r g e t  t h a t  i s  o r i e n te d  d i f f e r e n t l y  from the  cen­

t r a l  s tanda rd .

4. There were no d i f f e r e n c e s  between groups in eye movement s t r a t e ­

g ies  during the performance o f  the  complex embedded f ig u r e s  t a sk  or in the 

scanning o f  the  El kind t r i a n g l e .

5. The dys lex ic  c h i l d r e n ,  in comparison to  normal c o n t r o l s ,  made 

more f i x a t i o n s  and r e g re s s io n s  when read ing .  They a l so  had a slower 

reading time and paused longer  a t  th e  beginning of  the l i n e  before  proceed­

ing to  scan.

The r e s u l t s  o f  t h i s  s tudy  were d iscussed  in a c o g n i t i v e / l i n g u i s t i c  

co n tex t .  The dys lex ic  c h i ld re n  appear  to  show a v i s u o s p a t i a l  p r o f i l e  

s im i l a r  to  aphas ic  a d u l t s .  I t  i s  proposed t h a t  poorer  performance o f  

d y s lex ic s  on some f i e l d  o f  search  ta sks  may be the  r e s u l t  o f  t h e i r  inad­

equate  use of  verbal  coding and t h e i r  in a p p ro p r i a t e  o rg an iza t io n  and 

s e l e c t io n  of  v isua l  in fo rm at ion .  I t  i s  f u r t h e r  concluded t h a t  eye move­

ment a b e r ra t io n s  do not  p lay  a c a u sa t iv e  ro le  in reading d i s a b i l i t y ;  

r a t h e r  t h a t  d i f f e r e n c e s  in the  reading  eye movements of d y s lex ic  ch i ld re n  

merely r e f l e c t  t h e i r  d i f f i c u l t y  in process ing  semantic in fo rm at ion .  I t  

i s  suggested t h a t  in both verbal  and non-verbal  performance th e r e  i s  a 

d is tu rbance  in the cap ac i ty  o f  d ys lex ic  ch i ld re n  to  u t i l i z e  l e f t  hemisphere 

processing in f i l t e r i n g . a n d  ca te g o r iz in g  v isua l  information .
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INTRODUCTION

Within the  popula t ion  of  l e a rn in g -d i s a b le d  c h i l d r e n ,  th e re  

appears  to  be an i d e n t i f i a b l e  subgroup of  c h i ld re n  who " d e s p i t e  con­

ven t iona l  i n s t r u c t i o n ,  adequate  i n t e l  1 igence, and s o c io c u l t u r a l  oppor­

t u n i t y , "  a r e  not  ab le  to  read (World Federat ion  of  Neurology, 1968). 

This p u t a t i v e  d i s o r d e r ,  o r i g i n a l l y  descr ibed  in 1896 by W. Morgan, was 

c a l l e d  developmental d y s le x i a .  Since t h a t  time,, th e  a c tu a l  e x i s ten c e  

of  d y s le x ia  as  a s e p a ra te  and s p e c i f i c  nosological  e n t i t y  has been 

a r d e n t ly  debated (Gates ,  1927; Bur t ,  1935; Witty & Kopel, 1936; Drew, 

1956; C r i t c h l e y ,  1970; Ru t te r  & Yule, 1975). Consequent ly , t h e r e  has 

been l i t t l e  agreement rega rd ing  the  c r i t e r i a  f o r  i t s  d i a g n o s i s ,  and 

the d y s le x ic  c h i ld  i s  u s u a l ly  i d e n t i f i e d  by excluding a l l  known f a c ­

to r s  t h a t  may c o n t r ib u t e  to  a reading d i s o r d e r .  Some o f  th e se  con­

t r i b u t i n g  f a c t o r s ,  which a r e  u s u a l ly  ru led  ou t  before  a c h i ld  i s  

diagnosed as  d y s le x i c ,  inc lude  environmental and educa t iona l  d e p r iv a ­

t i o n ,  mental r e t a r d a t i o n ,  and emotional i n s t a b i l i t y .

Desp i te  th e  absence o f  any c l e a r l y  def ined  s e t  o f  s p e c i f i c  read ­

ing e r r o r s  t h a t  t y p i f y  t h i s  d i s o r d e r ,  c e r t a i n  c h a r a c t e r i s t i c  abnormal­

i t i e s  have been a s so c ia t e d  with i t .  These inc lude  delayed or inade­

quate  spoken language,  r e v e rsa l  of  l e t t e r  o r i e n t a t i o n  and word sequence, 

confusion about  d i r e c t i o n s  in space or  t ime,  i l l e g i b l e  penmanship, and 

a h i s t o r y  of  s i m i l i a r  d i f f i c u l t i e s  among r e l a t i v e s  (Orton S o c ie ty ) .

The inc idence  of  d y s lex ia  in the  popula t ion  depends on the 

d i a g n o s t i c  c r i t e r i a  employed. Conservative e s t im a te s  sugges t  an i n c i ­

dence o f  approximate ly  3% (C r i t c h l e y ,  1970; Benton, 1975), a l though  a 

bread range of  values has been proposed from a low o f  .02% (Bachmann,
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1927) to  a high of  20% (P res ton ,  1940). In an epidemiological  study 

of the  I s l e  of  Wight popu la t ion ,  Yule, R u t t e r ,  Berger ,  and Thompson 

(1974) found t h a t  3.5% of the 10 year  o lds  and 4.5% of the  14 yea r  

olds showed s p e c i f i c  reading r e t a r d a t i o n  (defined in terms of  under­

achievement a t  l e a s t  2 s tandard  e r r o r s ,  or f o r  10 year  o ld s ,  approx i­

mately 2.4 y e a r s ,  below t h a t  p red ic ted  on the  bas is  of  age and IQ).

Because o f  the  r e l a t i v e l y  h igher  incidence in males (Lovel l ,  

Shapton, & Warren, 1964) and the  occurrence among s i b l i n g s ,  

a gen e t ic  f a c t o r  has been implica ted  (Hal lg ren ,  1950; Herman, 1959; 

F inucci ,  G uthr ie" ,  Chi lds ,  Abbey, & Chi lds ,  1976). This 

in turn  has led to  the  t h e o r e t i c a l  g e n e r a l i z a t i o n  t h a t  dys lex ia  i s  a 

neurologica l  e n t i t y ,  of  " c o n s t i t u t i o n a l  o r ig in "  (C r i t c h le y ,  1970). 

Fur ther  evidence of o rg a n ic i ty  i s  t h a t  " so f t "  or  d i sp u tab le  n e u ro log i ­

cal s igns  have o f ten  been descr ibed  in d y s le x ic s .  These include motor 

awkwardness, r e f l e x  asymmetry, and EEG ab n o rm a l i t i e s .  The o r g a n i c i s t s  

have a l igned  themselves with one of  two th e o r ie s  about which essen­

t i a l l y  a l l  re sea rch  has cen te red .  One group, adopt ing a h o l i s t i c  

po in t  of  view, has t r i e d  to  c h a r a c t e r i z e  the  na ture  of p o s tu la ted  

a l t e r a t i o n s  in o v e ra l l  ce reb ra l  o rg a n iz a t io n ,  e . g . ,  changes in c e r e ­

bral dominance (Orton,  1925; Witel son, 1977). The o t h e r ,  holding t h a t  

th e re  i s  a more focal  d e f e c t  in th e  s u b s t r a t e ,  has attempted to l o ­

c a l i z e  i t  (Geschwind, 1962). Each has co n t r ib u ted  neurological  models 

in an a t tempt  to  e lu c id a t e  e t i o l o g i c  f a c t o r s  in developmental d y s le x ia .

Those t h e o r i s t s  who p o s tu la te d  anomalous ce rebra l  dominance as 

the  b as is  of  developmental d ys lex ia  argue t h a t  a l t e r e d  hemispheric 

dominancemay i n d i r e c t l y  a f f e c t  the perceptual  and l i n g u i s t i c  a b i l i t i e s



3

r e q u i re d  to  read .  A percep tua l  d e f i c i t  hypothesis  has evolved from 

th e  o b s e rv a t io n  t h a t  some dys lex ic  c h i ld re n  d i sp la y  read ing  and 

w r i t i n g  r e v e r s a l s .  However, s ince  read ing  i s  a l i n g u i s t i c  s k i l l ,  o f ten  

l o s t  in ap h a s ic  a d u l t s ,  many t h e o r i s t s  have contended t h a t  develop­

mental d y s le x ia  i s  a d i s o r d e r  analogous to  a d u l t  a p h a s ia ,  and th e r e fo r e ,  

th e  r e s u l t  o f  l e f t  hemisphere d ys func t ion .

P o s tu la te s  o f  Cerebral  Organizat ion

Cerebral  Dominance

I t  has been suggested t h a t  i f  developmental d y s le x ia  i s  a r e s u l t  

o f  a d e lay  in  the  matura tion  of  c o r t i c a l  s t r u c t u r e s ,  i t  i s  probably of 

f u n c t io n a l  r a t h e r  than  anatomical o r ig i n  (Apert,  1924; Pick ,  1924).

Orton (1925) proposed t h a t  t h i s  fu n c t io n a l  abnormality  may be a d i s ­

tu rbance  o f  normal hemispheric balance or ce rebra l  dominance. Evidence 

f o r  t h i s  theo ry  included a high inc idence  of  mixed dominance, l e f t -  

handedness and am bidex te r i ty  in d y s l e x i c s ,  as  well as  the  mirrored  

r e v e r s a l s  of  l e t t e r s  and words in the  graphic  product ions  of dys lex ic  

c h i l d r e n .  Orton suggested t h a t  th ese  c h a r a c t e r i s t i c s  r e f l e c t e d  a 

r i v a l r y  o f  th e  ce rebra l  hemispheres fo r  the  same motor,  language,  and 

v i su a l  f u n c t io n s .  For example, he thought  s trephosymbolia  or  l e t t e r  

r e v e r s a l s  to  be the r e s u l t  of sensory impressions r e g i s t e r e d  simul­

t a n eo u s ly  in the  two hemispheres, and the  subsequent " incomplete  e l i s i o n  

of  memory p a t t e r n s "  (Orton, 1925, p. 608) t h a t  a r e  p r e s e n t  in  reversed 

form and o rde r  in the non-dominant hemisphere.

There have been numerous i n v e s t i g a t i o n s  c a l l i n g  i n t o  ques t ion  the  

a s s o c i a t i o n  of  i n c o n s i s t e n t  l a t e r a l  p re fe re n c e ,  l e f t - h a n d e d n e s s ,  l e f t -  

eyedness ,  and d iso rdered  l e f t - r i g h t  d i r e c t i o n a l  s e l e c t i o n , w i t h  reading



d i s a b i l i t y  (Dearborn, 1933; Monroe, 1932; Gates & Bennet,  1933; 

Rabinovi tch ,  Drew, DeJong, Ingram, & Withey, 1954; H a r r i s ,  1957). 

S tud ies  have a l so  ques tioned whether th e se  c h a r a c t e r i s t i c s ,  i f  indeed 

they a r e  c o r r e l a t e d  with d y s le x ia ,  a r e  f a i r  i n d i c a t o r s  of  incomplete 

ce reb ra l  dominance (Z ur i f  & Bryden, 1969; Malmquist,  1958).

R ecen t ly ,  non- invas ive  techniques  f o r  a s se s s in g  ce rebra l  asym­

metry have been r e f i n e d .  These inc lude  the  use of  l a t e r a l  v isua l  

t a c h i s t o s c o p i c  s t im u la t io n ,  d i c h o t i c  l i s t e n i n g  ta sks ,  and d ic h a p t i c  

t e s t s .  I t  has been in fe r r e d  from most of  th e se  s tu d i e s  t h a t  the  l e f t  

hemisphere i s  the  major hemisphere f o r  language in r e ad in g -d i s ab led  

as well  as  normal ch i ld ren  ( r i g h t  v i s u a l - f i e l d  s u p e r i o r i t y  and r i g h t  

ea r  advantage)  (Bryden, 1970; McKeever & Huling,  1970; Yeni-Komisian, 

I senberg ,  & Goldberg, 1975). Yeni-Komisian e t  a l . (1975) noted t h a t  

a l though t h e r e  was a r i g h t  v i s u a l - f i e l d  s u p e r i o r i t y  f o r  numbers and 

words in  normal and dys lex ic  c h i ld r e n ,  t h e r e  was poorer  performance in 

the  l e f t  v i s u a l - f i e l d  fo r  verbal  s t im u l i  in d y s le x ic  c h i ld r e n .  I t  was 

suggested t h a t  s t im u l i  p ro jec ted  to  the  r i g h t  v isua l  co r tex  a r e  the 

ones w i th  which the  poor read e rs  have the most d i f f i c u l t y .  Yeni- 

Komisian e t  a l . p o s tu la te d  t h a t  poor r ead e rs  s u f f e r  from some kind of 

p rocess ing  d e f i c i t  in  the r i g h t  hemisphere in the  " a b s t r a c t io n  o f  phy­

s i c a l  c h a r a c t e r i s t i c s  of words or  t ra n sm iss io n  of  t h i s  a b s t r a c t i o n  to 

the  l e f t  hemisphere" (p. 92).  By in fe re n c e  from ta c h i s to s c o p ic  f i e l d  

p r e s e n ta t i o n  o f  human f ig u re s  and d i c h a p t i c  s t im u la t io n ,  Witelson 

(1977) found t h a t  compared to c o n t r o l s ,  d y s lex ic  c h i ld re n  manifested 

s i g n i f i c a n t l y  l e s s  s igns  a l leg ed  to  s ig n i f y  r i g h t  hemisphere dominance 

f o r  s p a t i a l  p e rc e p t io n .  In s tead ,  she thought  t h a t  th e re  was evidence 

of  b i l a t e r a l  hemispheric  r e p re s e n ta t io n  o f  s p a t i a l  in format ion  in
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dy s lex ia .  Witel son f u r t h e r  observed t h a t  a l though the  l e f t  hemi­

sphere was supposedly dominant f o r  language in d y s lex ic  c h i ld r e n ,  

t h e i r  o v e ra l l  accuracy in verbal  d i c h o t i c  l i s t e n i n g  was i n f e r i o r  to 

t h a t  of  normals .  Witelson concluded t h a t  th e r e  may be some f a i l u r e  

in l e f t  hemisphere fu n c t io n  due to the a d d i t i o n a l  load of s p a t i a l  

in formation p rocess ing  imposed upon i t .

I t  has a l s o  been suggested t h a t  c e r t a i n  ce re b ra l  fu n c t io n s  assume 

s e p a ra te  loc i  dur ing the  course of ev o lu t io n  as a r e s u l t  o f  t h e i r  

mutual antagonism (Lashley,  1937; Levy, 1969) , s in ce  i t  i s  c l e a r l y  

l e s s  e f f i c i e n t  f o r  two incompatible mechanisms to  be loca ted  in the 

same hemisphere (Wite lson,  1977). In c o n t r a s t  to Witel so n 's  sugges­

t i o n  concerning the  b i l a t e r a l  r e p r e s e n t a t i o n  of  s p a t i a l  p ro cess in g ,  

Sperry  (1970) had p o s tu la t ed  t h a t  in d y s le x ia  th e r e  i s  an "over ly  

s trong or e x te n s iv e ,  perhaps b i l a t e r a l  development o f  the  v e rb a l ,  

major hemisphere type of  o rg an iza t io n  t h a t  tends  to  i n t e r f e r e  with an 

adequate development of  s p a t i a l  gnosis  in th e  minor hemisphere" (p. 

176). This in t rahe m isphe r ic  competi t ion  which r e s u l t s  in the over­

burdened hemisphere, i s  supposed to r e s u l t  in poor performance, espe­

c i a l l y  in those  t a s k s  t e s t i n g  G es ta l t  s y n th e t i c  perceptua l  fu n c t io n in g  

(Levi-Agrest i  & Sperry ,  1968; Levy, 1969).

Thus, a d i s tu rb a n c e  in hemispheric ba lance ,  r e s u l t i n g  from the 

presence o f  two incompatib le  mechanisms in  the  same hemisphere, has 

been considered to  support  two d i f f e r e n t  t h e o r i e s  of  d y s le x ia ,  the  

perceptual  d e f i c i t  hypothesis  and the aphas ia  model o f  d y s le x ia .

Perceptual D e f i c i t  Hypothesis

The idea t h a t  developmental dys lex ia  is  a fundamental d i s tu rb an ce



in G e s t a l t  fu n c t io n  — a d i f f i c u l t y  in s e p a ra t in g  f i g u r e  from ground — 

is  no t  new (K rise ,  1949; Bender & S c h i ld e r ,  1951) and many i n v e s t i g a ­

t io n s  have s tud ied  v isua l  perceptual  d i f f i c u l t i e s  in d y s le x ic  c h i ld re n .

Goins (1958) i s o l a t e d  two f a c t o r s  o f  v i su a l  p e rc ep t io n  (p re ­

v io u s ly  desc r ibed  by Thurs tone,  1944) t h a t  had a s u b s t a n t i a l  c o r r e l a ­

t i o n  with  read ing  achievement.  These two f a c t o r s  were (a) the  speed 

of  c lo s u r e  ( the  a b i l i t y  to make c lo su re  o f  a f i g u r e  in a d iso rgan ized  

f i e l d ) ,  and (b) s t r e n g th  o f  c lo su re  ( th e  r e t e n t i o n  of  f i g u r e  in a d i s ­

t r a c t i n g  f i e l d ) .  Defect ive performance on a s t r e n g th  o f  c lo su re  t a sk ,  

the  embedded f ig u r e s  t e s t ,  was subsequent ly  confirmed in young dys- 

l e x i c s  (Tjossem, Hansen, & Ripley ,  1962) and using the  more d i f f i c u l t  

p a t t e r n s  in the  t e s t ,  in o ld e r  d y s le x ic s  (Goetz inger ,  Dirks,  & Baer,  

1960).

Although Bortner  and Birch (1962) recognized  t h a t  e lementary p e r ­

ceptua l  d i s c r im in a t io n  a b i l i t i e s  may no t  be d e f e c t i v e  in  d y s lex ic  c h i l ­

d ren ,  they  a l so  pos tu la ted  t h a t  ta sks  examining the more complex p e r ­

ceptual  a b i l i t i e s  such as percep tua l  a n a ly s i s  ( s i m i l a r  to  Goin 's  con­

cep t  of  s t r e n g th  of  c losu re )  and pe rcep tua l  sy n th e s i s  ( th e  a b i l i t y  to 

combine p a r t s  to  form i t  f i g u r a l  whole) were more r e a d i l y  a f f e c t e d  by 

c e n t r a l  nervous system damage, and t h e r e f o r e ,  might c o n t r ib u t e  to 

the i d e n t i f i c a t i o n  of  d ys lex ia .

Though th e re  i s  some evidence support ing  the not ion  t h a t  dys lex ia  

i s  a s s o c i a t e d  with an impairment in h igher  percep tua l  f u n c t io n s ,  t h i s  

p a t t e r n  i s  f a r  from c o n s i s t e n t  in groups o f  d y s le x ic  c h i ld r e n .  As a 

m a t te r  o f  f a c t ,  the  oppos i te  has been noted in some d y s lex ic  c h i ld re n .  

Higher Performance than Verbal IQ has been found and presen ted  as



evidence o f  s u p e r io r  s p a t i a l  a b i l i t i e s  in  d y s lex ic  c h i ld re n  (Symmes & 

Rapoport,  1972).

An Aphasia Model of  Developmental Dyslexia

The aphas ia  model,  r e p r e s e n t a t i v e  o f  a l o c a l i z a t i o n i s t  approach 

to  d y s le x i a ,  stems from the  p a r a l l e l s  f r e q u e n t l y  drawn between ac­

qu i red  d y s le x ia  ( ap h as ia )  and developmental d y s le x ia .  (In f a c t ,  d i s ­

c r e t e  ce reb ra l  malformations  have been p o s tu l a t e d  to  account f o r  d i f ­

f e r e n t  types  of d y s le x i a  (Denckla, 1972).)  Dejer ine  (1892) noted t h a t  

a l e s io n  o f  the  medial and i n f e r i o r  p o r t io n s  o f  the  l e f t  o c c i p i t a l  

lobe could produce acq u i red  a l e x i a .  However, Henschen (1920-2) placed 

the  c r i t i c a l  locus  somewhat more a n t e r i o r l y .  He observed t h a t  word- 

b l indness  accompanied by d i f f i c u l t y  in w r i t i n g  was due to  a l e s io n  of 

the  l e f t  angu la r  g y ru s ,  " the  c e n te r  of  v isua l  words and l e t t e r s "  

(Hinshelwood, 1900). But a thorough anatomical  s tudy of  acquired  

a l e x i c  cases  i n d i c a t e d  t h a t  the  a s so c ia ted  l e s i o n s  a re  more widespread,  

ranging  anywhere from th e  o c c i p i t a l  to  f r o n t a l  r e g io n s ,  u su a l ly  in the 

l e f t  hemisphere (N ie l se n ,  1946). C r i tch ley  (1953) noted t h a t  th e re  

were d i s t i n c t  subgroups o f  in d iv id u a l s  with acqu i red  a l e x ia :

I t  i s  s c a r c e l y  s u r p r i s in g  t h a t  an impaired power 
o f  read ing  should  be anything but a uniform c l i n i ­
cal even t .  Some of  the  d i f f i c u l t i e s  in the  matter  
of  a l e x i a  can be overcome by looking upon t h i s  
syndrome as r e p re s e n t in g  e i t h e r  a p a r t i a l  a f f e c ­
t i o n  of  language or e l s e  a fragment or  a residuum 
of a v i su a l  ag n o s ia .  In t h i s  way th e re  has grown 
up the  no t ion  o f  a two-fold type o f  a l e x i a  — the 
aphas ic  and the  a g n o s t i c  v a r i e t i e s ,  r e s p e c t i v e l y .
(p.  308)

Dyslexic  c h i ld re n  a r e  c l i n i c a l l y  s im i la r  to  those  cases  of a l ex ia  

a s so c ia te d  with ag raph ia  (Denckla & Rudel, 1976)^ or  in C r i t c h l e y ' s  

dichotomy, the  a p h a s i c - a l e x i a  subgroup.



Since i t  was wel l -accep ted  t h a t  r e s t r i c t e d  l e s i o n s  of  the  l e f t  

ce reb ra l  hemisphere could produce a d y s le x ic  type o f  aphas ia  in a d u l t s ,  

i t  was o r i g i n a l l y  thought  t h a t  agenes is  o f  the  l e f t  angu la r  gyrus was 

r e sp o n s ib le  f o r  d y s lex ia  in ch i ld re n  ( F i s h e r ,  1910). (Suggest ive  e v i ­

dence was advanced in a co n t ro v e r s i a l  s tudy  of  a fam ily  of  d y s le x i c s ,  

which re p o r te d  a r educ t ion  in ampli tude o f  the  response  waveform 

evoked from the l e f t  p a r i e t a l  a rea  by p h o t i c  s t im u l i  (Conners,  1970), 

but th e  e l e c t r o p h y s io lo g ic a l  procedures and a n a l y s i s  have been c r i t i ­

c ized  (Kooi, 1972) .)  However, most young c h i ld r e n  w i th  r i g h t  hemi­

p le g ia s  i n d i c a t i v e  of  l e f t  b ra in  dys func t ion  (Marie,  1922; Apert,

1924), and c h i ld r e n  with l e f t  hemispherectomies a r e  no t  aphas ic  (Kohn 

& Dennis,  1974) nor  i s  the  a c q u i s i t i o n  o f  language p reven ted .  Lansdell  

(1969) r ep o r te d  t h a t  the  e a r l i e r  a ch i ld  becomes b r a i n - i n j u r e d  (even 

i f  damage was to  the l e f t  hemisphere) ,  t h e  more l i k e l y  the b ra in  would 

show normal verbal mechanisms but  the g r e a t e r  th e  l i k e l ih o o d  t h a t  

th e r e  would be a non-verbal d e f i c i t .  A n t i c ip a t in g  S p e r r y ' s  con jec­

tu r e s  about d y s l e x i a ,  Lansdell  proposed t h a t  when the  l e f t  hemisphere 

i s  damaged, the  language mechanism a p p r o p r i a t e s  much of  th e  r i g h t  

hemisphere t i s s u e ,  thereby usurping the  space o f  those  fu n c t io n s  t h a t  

a re  normally mediated by the minor hemisphere. Because o f  t h i s  p l a s ­

t i c i t y  of the  b ra in  in compensating f o r  e a r l y  c e r e b ra l  dy s fu n c t io n ,  

Geschwind (1962) suggested t h a t  b i l a t e r a l  involvement o f  the  angular  

gyrus  was the  minimum pa tho log ica l  s u b s t r a t e  n ecessa ry  to  account f o r  

a d i f f i c u l t y  in  lea rn in g  to read.  (In a r e c e n t  neurophysio log ica l  

s tudy ,  Symann, Loue t t ,  Gascon, Matsumuya, and Lombroso (1977) found 

t h a t  a small group o f  dys lex ic s  a c t u a l l y  did show abnormal v isua l  

evoked p o t e n t i a l s  b i l a t e r a l l y  in the p a r i e t a l  a r e a s . )
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L im i ta t io n s  of  the Perceptual  and Aphasia Models o f  Dyslexia

S tud ies  examining the  p resence  of  v i su a l  pe rcep tua l  dysfunct ion  

in d y s lex ic  c h i ld re n  have been i n c o n s i s t e n t  in t h e i r  f in d in g s .  Dis­

c rep an t  r e s u l t s  may be due to  in h e re n t  methodological d i f f e r e n c e s  in 

th e se  i n v e s t i g a t i o n s ,  such as the  d e f i n i t i o n  o f  d ys lex ia  employed, the  

age o f  the  s u b jec ts  t e s t e d ,  t h e i r  i n t e l l e c t u a l  l e v e l ,  and the com­

p l e x i t y  o f  the percep tua l  t a sk  (Bronner ,  1917; F i l d e s ,  1921; Gates,  

1922; Fendrick,  1935; Vernon, 1958, e t c . ) .  For example, most s tu d ie s  

examining v isua l  pe rcep tua l  a b i l i t i e s  in d y s le x ic  c h i ld re n  have em­

ployed v isua l  d i s c r im in a t io n  ta s k s  (Phelan ,  1940; Benton, 1962). I t  

i s  p o s s ib l e  t h a t  such ta sk s  would not  be s e n s i t i v e  to  minimal ce rebra l  

dy s fu n c t io n s  (Bor tner  & Birch ,  1962) e s p e c i a l l y  in the  o lde r  dys lex ic  

c h i l d .

Although th e  aphas ia  model o f  developmental d ys lex ia  i s  p a r t i c u ­

l a r l y  a t t r a c t i v e ,  C r i t c h le y  (1970) cau t io n s  t h a t  while  th e re  i s  some 

" u t i l i t a r i a n  m er i t"  to  t h i s  comparison, t h e r e  a re  profound psychologi­

cal and l i n g u i s t i c  d i f f e r e n c e s  between a developmental dys lex ic  and an 

a d u l t  with  a lo ng -s tand ing  read ing  h i s t o r y  who has r e c e n t l y  l o s t  the 

a b i l i t y  to  read .  The performance p r o f i l e s  o f  the  d y s lex ic  ch i ld re n  may 

be i n d i s t i n g u i s h a b l e  from t h a t  o f  th e  a d u l t  aphas ic .  Never the less ,  

because of  the  p l a s t i c i t y  of the  developing in ju re d  b r a in ,  the  func­

t i o n a l  s i m i l a r i t y  of th e se  d i s o r d e r s ,  does no t  i n d i c a t e  an i d e n t i c a l  

s t r u c t u r a l  b a s i s .

A f u r t h e r  l i m i t a t i o n  of a u n i t a r y  t h e o r e t i c a l  approach to  dys­

l e x i a ,  whether i t  u t i l i z e s  an aphas ia  or  percep tua l  d e f i c i t  model, i s  

t h a t  i t  does not  c ons ide r  the  complexity of  the  reading  process .  Since



the  a b i l i t y  to  read appears  to  be a complex process  dependent on 

numerous, d iv e r s e  l i n g u i s t i c ,  perceptual ,  and cog n i t iv e  s k i l l s ,  t h e r e  

may be d i f f e r e n t  v a r i e t i e s  of  d y s le x ia  d i s t in g u i s h e d  by d i f f e r e n t
r

c l u s t e r s  of impairment.  According to  t h i s  view, dys lex ia  i s  not to  be 

viewed as a homogenous, u n i t a ry  syndrome with  a s in g l e  causal d e f e c t ,  

but in s tead  as  a product  o f  m u l t ip l e  independent  causal d e fe c t s  

(M at t i s ,  French, & Rapin, 1975). Thus, th e r e  a re  those ch i ld re n  with 

predominant language d i f f i c u l t i e s  c a l l e d  audiophonic (Ingram, 1970), 

dysphonetic  (Boder,  1971), language re ta rd e d  (Kinsbourne & Warrington, 

1966) or language d i so rd e red  (Matt is  e t  a l . ,  1975) d y s le x ic s .  These 

c h i ld re n  would probably have a h igher  Performance IQ and show d i f ­

f e r e n t  types  o f  read ing  e r r o r s ,  e . g . ,  i n s e r t i o n  of  ex traneous l e t t e r s  

dur ing d i c t a t i o n  (Kinsbourne & Warrington, 1966). They may a l s o  show 

o th e r  language d i f f i c u l t i e s  as o b j e c t  and c o lo r  anomia (Denckla, 1972) 

and the  i n a b i l i t y  to  fo l low  complex verbal  commands (Matt is  e t  a l . ,  

1975). For example, Denckla and Rude! (1976) have observed t h a t  on 

the  O ld f ie ld  p i c t u r e  naming t e s t ,  a mixed group of  ten d ys lex ic  c h i l ­

dren (8 to  10 y e a r s  o l d ) ,  performed slower and named fewer p i c t u r e s  

c o r r e c t l y  than a nondyslexic  MBD group and a normal con tro l  group.

Another d y s le x i c  subgroup c o n s i s t s  of  ch i ld re n  with d i f f i c u l t y  

e s p e c i a l l y  in v i s u o s p a t i a l  pe rcep t ion  (Ingram, 1970; Boder, 1971;

Matt is  e t  a l . ,  1975),  who expected ly  have higher Verbal IQ 's .  Accord­

ing to Kinsbourne and Warrington (1966),  t h i s  group has d i f f i c u l t y  in 

sp a t i a l - t e m p o ra l  sequencing and f r e q u e n t l y  shows a higher  p ropor t ion  of 

e r r o r s  r e l a t e d  to  l e t t e r  o rd e r .  They a l s o  have d i f f i c u l t y  in naming 

f i n g e r s ,  a d e f i c i t  found in p a t i e n t s  with developmental Gerstmann 

syndrome. M at t i s  e t  a l . (1975) in d ica te d  t h a t  the v i su o s p a t i a l  group
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makes up only 10% o f  the  d y s lex ic  p o p u la t io n .  M at t i s  e t  a l . a l so  p ro­

posed t h a t  th e r e  i s  a t h i r d  type of  d y s le x ic  p r o f i l e ,  the  a r t i c u l a t o r y -  

graphemotor v a r i e t y .  This group has d i f f i c u l t y  in blending sounds and 

shows diminished buccolingual  s k i l l s  as well  as poor graphemotor co­

o r d in a t io n .  M att i s  (personal  communication) has a l s o  noted t h a t  some 

d y s le x ic  c h i ld re n  do not  seem to f a l l  i n t o  any of  th e  above c a t e g o r i e s .

The re fo re ,  whether a perceptual  or  aphas ic  model i s  supported,  to 

some e x t e n t ,  i s  dependent on the p ro p o r t io n  of d y s le x ic  c h i ld r e n ,  in a 

s tud ied  sample, who a r e  v i s u o s p a t i a l l y  o r  l i n g u i s t i c a l l y  impaired.

Since a l a r g e r  p o r t io n  of  the d ys lex ic  pop u la t io n  d i s p l a y  l i n g u i s t i c  

d e f i c i t s  r a t h e r  than v i su o s p a t i a l  d e f i c i t s ,  i t  i s  more l i k e l y  t h a t  

an aphas ia  model would be supported.

Dis turbances  of  Eye Movements in Disorders  of 

Higher Cor t ica l  Function

An approach to  unders tanding  the  n a tu r e  o f  developmental dys­

l e x i a ,  and the c o n t r ib u t io n s  of  v isua l  percep tua l  and l i n g u i s t i c  

p rocess ing  d e f e c t s ,  might be to  exp lore  d i f f e r e n c e s  in co gn i t ive  

s t r a t e g y  r a t h e r  than performance scores  which r e f l e c t  the  f in a l  pa th ­

way o f  complex p rocesses .  One method o f  s tudy which has i l lum ina ted  

p e rc e p tu a l ,  c o g n i t iv e ,a n d  l i n g u i s t i c  f u n c t io n in g  employs eye movement 

measures.  The empir ica l  l i t e r a t u r e  d iscussed  below i s  confined to 

t h a t  p e r t a in in g  to l i n g u i s t i c  d y s fu n c t io n ,  s p e c i f i c a l l y ,  a d u l t  aphas ia ,  

and developmental d y s le x ia .  The reason f o r  t h i s  focus ing  i s  because 

of the  indetermined degree of  p a r a l l e l i s m  between th ese  d i so rd e r s  to  

which C r i t c h le y  a l l u d e s .
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Scanning S t r a t e g i e s  of  Adult Aphasics

Unusual scanning s t r a t e g i e s  may be r e l a t e d  to a d e f e c t  in v isua l  

p e r c ep t io n  (T y le r ,  1968), a r e s t r i c t i o n  o f  a t t e n t i o n ,  the  d e v ia t io n  of  

normal r e l a t i o n s  between p e r ip h e ra l  and c e n t r a l  v i s io n  in the con tro l  

o f  f i x a t i o n  (L u r ia ,  1966), or  a general d i s tu r b a n c e  in hemispheric 

ba lance  (Lhermit te  & Cambier, 1960). Abnormal eye movement s t r a t e g i e s  

have a l so  been descr ibed  in p a t i e n t s  with language d i s o r d e r s .

Kirshner  and Sidman (1972) noted t h a t  "recovered" aphas ics

scanned d i f f e r e n t l y  from c o n t r o l s ,  on ta sk s  which the p a t i e n t  performed 

e r r o r l e s s l y .  They suggested t h a t  "scanning p a t t e r n s  were more s e n s i ­

t i v e  than e r r o r  scores  in d e te c t in g  language d i f f i c u l t y "  (p. 183). Eye 

movement record ings  have a l s o  revealed  in formation  concerning the  

p rocess ing  o f  "non-verbal"  information in a d u l t  aphas ics .

Mackworth, G ran d s ta f f ,  and Pribram (1973) observed t h a t  th re e  

aphasic  c h i ld re n  with  high nonverbal IQ's (aged 5 to 8 y ea r s )  showed 

prolonged s t a r i n g  a t  a novel s timulus .  They suggested t h a t  t h i s  f a i l ­

ure to h a b i tu a te  was r e l a t e d  to the  c h i l d r e n ' s  d i f f i c u l t y  in naming 

the  ’d i sp la y .

Some a d u l t  aphas ics  with  mostly r e c e p t iv e  language d i f f i c u l t y  are  

a l so  unable to scan a p i c t o r i a l  d i sp lay  meaningfully  (L u r ia ,  1966).

Tyler  (1969) noted an almost  t o t a l  absence of  normal scanning a c t i v i t y  

in four  a d u l t s  with r e c e p t iv e  aphas ia ;  no a t tem pt  was made by these  

p a t i e n t s  to  explore  the v isua l  p re se n ta t io n  of  even simple p i c t u r e s .  

Tyler  suggested t h a t  t h i s  severe  de fec t  in v isua l  e x p lo ra t io n  r e f l e c t e d  

an in t e r f e r e n c e  with the mental processes  which normally aid  in the 

c r i t i c a l  r ecep t ion  of  v isua l  s t imul i ,  and t h a t  t h i s  i n a b i l i t y  to
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s e l e c t i v e l y  a t t e n d  to  v i su a l  s t im u l i  i s  the r e s u l t  o f  a language 

d e f e c t .

Aphasics  w i th  a more predominant ex p ress iv e  language d i s o r d e r  

m a n i f e s t  s im ple  p a t t e r n s  o f  s e a rc h ,  c h a r a c t e r i s t i c a l l y  paying a t t e n ­

t i o n  to  a p p r o p r i a t e  in fo rm a t iv e  areas  of a p i c t u r e .  However, t h e i r  

e f f o r t  i s  p o o r ly  m a in ta in ed ,  r e s u l t i n g  in a ra p id  r e d u c t io n  in the  

number and speed of  t h e i r  eye movements (L ur ia ,  Karpov, & Yarbuss,

1966; T y le r ,  1969).

Aphasic p a t i e n t s  w ith  p r im a r i l y  naming d i f f i c u l t i e s  exp lo re  the 

i n fo r m a t iv e  a r e a s  o f  even complex d i sp lay s  in a f a s h io n  i n d i s t i n g u i s h ­

a b le  from normal c o n t r o l s  (T y le r ,  1969).

L e f t  brain-damaged p a t i e n t s ,  in g e n e ra l ,  r e q u i r e  a longer  search  

time than  c o n t r o l s  to  l o c a t e  o b je c t s  in a f i e l d  of search t a s k ,  e s p e c i a l l y  

those  in the  r i g h t  v isua l  f i e l d .  However, l e f t  brain-damaged p a t i e n t s  un­

l i k e  r i g h t  brain-damaged p a t i e n t s  do not show a l a t e r a l  asymmetry of  over­

a l l  e x p l o r a t i o n  t im e5i . e . ,  they  do not p r e f e r  to  sea rch  one s id e  of  

space (Chedru & LeBlanc, 1972; Chedru, LeBlanc, & L he rm i t te ,  1973).

There i s  i n c o n s i s t e n t  evidence t h a t  a l e x ic  a p h as ic s  show f a u l t y  

eye movements when r ead ing .  H a r t j e  (1972) found normal reading  p a t ­

t e r n s  in  some s e v e re ly  aphas ic  and a l e x i c  p a t i e n t s  and observed abnor­

mal scanning in o t h e r s .  Benson (1977) observed a d e l i b e r a t e  word-to-  

word, l i n e - t o - l i n e  scan in aphas ic s  with a n t e r i o r  l e s i o n s  while 

ap h as ic s  w ith  p o s t e r i o r  l e s io n s  r a p id ly  scanned the  t e x t .  P irozzolo  

and Rayner (1978) r ep o r ted  a case of  abnormal read ing  eye movements in 

an anomic ap h as ic  with severe  a l e x i a  and ag raph ia .  (Neurorad io log ica l
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r e p o r t  in d ica te d  a l e s ion  in the i n f e r i o r  p a r i e t a l  area  extending 

p o s t e r i o r ly  in to  the o c c ip i t a l  c o r t e x . )  This p a t i e n t  (as the one 

described by Benson) seemed to dwell on every l e t t e r  of the  t e x t .

Thus, eye movement recordings have been informative  about  the 

a t t e n t i o n ,  p re fe rence ,and  co gn i t ive  s t r a t e g i e s  o f  a d u l t  aphas ics  while 

viewing verbal as well  as non-verbal a r r a y s .  Comparatively few inves­

t i g a t i o n s  have recorded eye movements in developmental dys lex ic s  and 

most of  these  s tu d ie s  have concen tra ted  on eye movements during read­

ing.

Visual Explorat ion by Dyslexic Children

Java! (1878), a French o c u l i s t ,  no t iced  t h a t  during read ing ,  the 

eye t r a v e r s e s  a l i n e  in a sequence o f  d i s c r e t e  movements and pauses.

The number of  pauses ,  or f i x a t i o n s ,  and th e  number of reg re s s io n s  in 

the  scan were c o r r e l a t e d  with the age and reading level  of the  ch i ld  

(Dodge & Cl ine ,  1901). Buswell (1922) noted in poor readers  as 

many as 35 to 40 f ix a t io n s  in a l i n e  w ith  a d i sp ro p o r t io n a te  number of 

reg re s s io n s .  Orton (1925, 1937) desc r ibed  a tendency of  some dys lex ics  

to read from r i g h t  to l e f t  and f o r  some, i t  was a c t u a l l y  e a s i e r  to  read 

from a m irro r .  He suggested t h a t  " s t a t i c "  ( o r i e n t a t i o n a l  r ev e rsa l  of 

l e t t e r  form) and " k in e t i c "  ( sequen t ia l  r e v e r s a l  of  l e t t e r  o rder)  r e v e r ­

s a l s  were due to  an i n a b i l i t y  to  develop a c o n s i s t e n t  automatic l e f t  

to r i g h t  p a t t e r n  of scan. While record ing  eye movements, Zangwill and 

Blakemore (1972) not iced  t h a t  a 23 y e a r  o ld  dys lex ic  showed an " i r r e ­

p r e s s ib le  tendency" to move his  eyes from r i g h t  to  l e f t  when read ing .

The increased number of  r e g re s s io n s  and f i x a t i o n s  seen in the 

scanning of d y s lex ic s  wil l  obviously in f lu e n c e  reading time but not
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n e c e s s a r i l y  comprehension (Rubino & Minden, 1973). The in c re a se  in.  

the  number o f  f i x a t i o n s  may r e f l e c t  an o v e r a l l  i n c r e a s e  in th e  number 

o f  u s e le s s  eye movements, fo r  example, in v e r i f i c a t i o n s ,  adjustments  

and r e c t i f i c a t i o n s  ( a t  the  beginning of  the  l i n e )  ( Lesevre, 1967). An 

i n c r e a s e  in the  number of  f i x a t i o n s  implies  t h a t  d y s le x i c s  a s s i m i l a t e  

sm a l le r  word p a r t s  and l e s s  informat ion each time th e  eye pauses.

Recen t ly ,  P i ro z z o lo  and Rayner (P i rozzo lo  & Rayner, 1978; 

P i ro z z o lo ,  1978) sugges ted  t h a t  not a l l  d y s le x i c s  show the same eye 

movement p a t t e r n s  when r ead ing .  For example, the  a u d i t o r y - l i n g u i s t i c  

d y s le x ic  shows an in c re a se d  number of f i x a t i o n s ,  lo n g e r  f i x a t i o n  dura­

t i o n s ,  and mixed p e r io d s  o f  s h o r t  r eg re s s io n s  and forward saccades ,  

whi le  the  v i s u o s p a t i a l  d y s le x ic  usua l ly  shows r e t u r n  sweep in a c c u ra c ie s .

I t  i s  r e a so n a b le  to  in q u i re  whether the  abnormal scanning p a t t e r n s  

n o t iced  dur ing  r ea d in g  i s  primary (causa l )  or  secondary to  th e  reading 

d i s a b i l i t y .  In s u p p o r t  of  the former a l t e r n a t i v e ,  i t  must be noted 

t h a t  o th e r  oculomotor a b e r r a t i o n s  in d y s l e x i c s ,  such as asymmetrical 

nystagmus (Bogacz, Mendilaharsu ,  & deMendilaharsu,  1974), dysmetr ic  

o c u la r  p u r s u i t  (Frank & Levinson, 1973), slower oculomotor r e a c t io n  

time (Lesevere ,  1967),  and d e fec t iv e  o p t o k i n e t i c  nystagmus (Frank & 

Levinson, 1973) have been r ep o r ted .  However, methodological  l i m i t a ­

t i o n s  of  most of  t h e s e  s tu d i e s  r e s t r i c t  t h e i r  i n t e r p r e t a t i o n s .  For 

example, in an u n c o n t ro l l e d  s tudy of 17 cases  t e s t e d  fo r  c e r e b e l l a r  

d e f i c i t s  and of  30 cases  t e s t e d  with e lectronystagmography f o r  v e s t i ­

b u l a r  d e f i c i t s ,  Frank and Levinson (1973) rep o r ted  t h a t  97% of  dys­

l e x i c  c h i ld r e n  showed evidence of c e r e b e l l a r - v e s t i b u l a r  d y s fu n c t io n s .  

They hypothesized t h a t  t h i s  c e r e b e l l a r - v e s t i b u l a r  d y s fu n c t io n ,  to g e th e r  

w i th  i t s  r e s u l t i n g  "dysmetr ic"  visual p e r c e p t io n ,  was the  cause of  the
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poor o cu la r  f i x a t i o n  and the  scrambling o f  l e t t e r s  and words seen in 

97% of  d y s l e x i c s .  Bogacz e t  a l . (1974) suggested t h a t  the  mechanism 

involved in th e  r i g h t  to  l e f t  scan p re fe rence  seen in the  read ing  

p a t t e r n s  of  d y s le x ic  c h i l d r e n ,  r eq u i red  an impairment of  the  c o r t i c o -  

mesencephalic system. They a l so  p o s tu la t e d  t h a t  an asymmetrical nys­

tagmus was c o r r e l a t e d  with an involvement of the  p a r i e to - t e m p o r a l -  

o c c i p i t a l  a r e a .  According to  Bogacz e t  a l . ,  th e se  o c u l a r - p u r s u i t  

d i s tu rb an c es  could p o s s ib ly  l i m i t  the  v isua l  in pu t  necessary  to  read .  

However, Bogacz e t  a l .  did not  c l e a r l y  d e f in e  th e  leve l  o f  read ing  fo r  

the  d y s le x ic  group nor did they p r e se n t  the  comparat ive mean ages and 

i n t e l l i g e n c e  o f  the  d y s lex ic  and co n t ro l  samples.  No s t a t i s t i c a l  t e s t s  

were performed.

Dossetor and Papaioannou (.1975) found no d i f f e r e n c e  in o p to k in e t i c  

nystagmus between an undefined group o f  10 d y s le x ic  c h i ld re n  (age 6 to  

15) and a con t ro l  group, matched f o r  age and IQ. However, they  did 

f ind  t h a t  d y s le x ic  c h i ld r e n  had a longer  oculomotor r e a c t io n  time than 

c o n t ro l s  to  a xenon l i g h t  p resented  a t  an angula r  d i s t a n c e  o f  40 

degrees .  The d y s le x ic  c h i ld re n  had s h o r t e r  r e a c t io n  times when they  

moved t h e i r  eyes r ightward  than when they moved them le f tw a rd ;  the 

c o n t ro l s  had s h o r t e r  le f tw ard  r e a c t io n  t im es .  However, Cohen and Ross 

(1971) found t h a t  r e a d in g -d i s a b le d  and con t ro l  ch i ld re n  had almost 

i d e n t i c a l  l a t e n c i e s .  This r e s u l t  was confounded by the f a c t  t h a t  poor 

read e rs  made more a n t i c i p a t o r y  responses  than good readers  and were 

l e s s  ab le  to  m ain ta in  f i x a t i o n .  The unusual d i s t r a c t i b i l i t y  of  the  

read in g -d i s a b le d  c h i ld re n  in t h e i r  s tudy ,  sugges ts  t h a t  some of  the 

ch i ld ren  may a l so  have been h y p erac t ive .  N eve r the le ss ,  oculomotor 

r e a c t io n  time (OMRT) o r  l a ten cy  d i f f e r e n c e s  between dys lex ic  and normal
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rea d e r  groups have a l so  been r e p o r te d  by Lesevre (1967) and Pirozzolo  

(1978). Lesevre recorded OMRT to  a l i g h t  s t im ulus  in  24 dys lex ic  

c h i ld r e n ,  18 y i s u a l - s p a t i a l  d y s le x ic s  and 6 l i n g u i s t i c  d y s le x ic s .  She 

observed t h a t  the  OMRT of d ys lex ic  c h i ld r e n  were s i g n i f i c a n t l y  slower 

than those of  the normal r e a d e r s .  Unlike the  c o n t r o l s  who showed 

f a s t e r  r ightward r e a c t io n  t im es ,  the  d y s le x ic  c h i ld re n  d isp layed  no 

d i r e c t io n a l  asymmetry. However, P i rozzo lo  (1978) observed t h a t  a lthough 

a u d i t o r y - l i n g u i s t i c  dys lex ic s  had s h o r t e r  r ightward  l a t e n c i e s  as do 

normal r e a d e r s ,  the  v i s u a l - s p a t i a l  d y s le x ic s  had s h o r t e r  l a t e n c i e s  to 

the  l e f t .  The re fo re ,  the use of a mixed group o f  d y s lex ic s  as  in 

L esev re 's  s tudy ,  may have obfusca ted  the  d i r e c t i o n a l  p re fe rence .  Thus, 

la ten cy  d i f f e r e n c e s  and d i r e c t io n a l  l a t e n c y  d i f f e r e n c e s  a re  the  only 

oculomotor a b e r r a t i o n s  repor ted  in w e l l - c o n t r o l l e d  s tu d ie s  of  dys lex ic  

c h i ld re n .

The view t h a t  d e fe c t s  in ocu la r  m o t i l i t y  a r e  causal f a c t o r s  in 

d y s le x ia ,  has led to  the  idea t h a t  eye movement reeduca t ion  may improve 

reading (H i ld r e th ,  1947; Lesevre , 1968; Boutet  e t  a l . ,  1972; Zangwill & 

Blakemore, 1972). One of  the  arguments f o r  the co n t ra ry  view t h a t  eye 

movement a b e r r a t i o n s  a re  the  r e s u l t  r a t h e r  than the  cause o f  d y s le x ia ,  

i s  t h a t  p a t i e n t s  with  gross  eye movement d i s tu rb a n c e s  do not show the 

p a r t i c u l a r  c h a r a c t e r i s t i c s  o f  d y s le x i a ,  a l though t h e i r  reading may a l s o  

be a f f e c t e d  (Cogan, 1970; H a r t j e ,  1972). In f a c t ,  th e re  i s  a wide 

range of eye movement p a t t e r n s  w i th in  which normal reading performance 

i s  p o s s ib le  ( H a r t j e ,  1972).

A major d i f f i c u l t y  o f  the d y s lex ic  may not be in  the scanning of 

words and t e x t  but  in the l i n g u i s t i c  decoding (Katz & Wicklund, 1971;



Shankweiler & Liberman, 1972). T h e re fo re ,  mispercept ions  o f  words 

may not be merely an automatic  consequence o f  r e v e r s i b i l i t y  o f  symbols 

or r i g h t  to  l e f t  scan.  One way to  de term ine  i f  the re  e x i s t s  an over ­

a l l  scanning d e f i c i t  a s so c ia ted  with d y s le x ia  or a d i f f i c u l t y  in l i n ­

g u i s t i c  p rocess ing  r e f l e c t e d  in abnormal scanning of  t e x t ,  i s  to 

eva lua te  eye movements of  d y s le x ic  c h i l d r e n  during f r e e  scanning of 

"non-verbal” a r r a y s .  Few s tu d ie s  have in v e s t ig a t e d  dys lex ic  scanning 

s t r a t e g i e s  dur ing th e  performance o f  a "non-verbal"  ta sk .

Lesevre (1968) s tud ied  the  performance of  dys lex ic  c h i ld re n  on 

the t e s t ,  "Croix de S t .  Andre". This  t e s t  cons is ted  of  scanning 51 

id e n t i c a l  c ro sse s  i r r e g u l a r l y  spaced on seven l in e s  with the  i n t e r ­

space between the  l i n e s  the  same as  in  a reading passage. The i n ­

s t r u c t io n s  to th e  c h i ld  was to f i x a t e  each c ross  su ccess iv e ly  as 

ra p id ly  as p o s s i b l e ,  f i r s t  from l e f t  to  r i g h t  and then from r i g h t  to  

l e f t .  She noted t h a t  th e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  in the  

la tency  of  the  eye movements to th e  r i g h t  versus  those to  the  l e f t  

(oculomotor r e a c t io n  time) in the  d y s le x i c  c h i ld re n .  Normals d i sp la y  

a s trong p re fe ren ce  to  t h e  r i g h t  in both measures of scanning e f f i c i ­

ency and speed of  movements. Boute t ,  G h i lo n i ,  and Gabersek (1972) 

a lso  found no l a t e r a l  p re fe rence  of  gaze in dys lex ics  on t h i s  same 

t e s t  as well  as on a s im i l a r  t e s t  c o n s i s t i n g  of the scanning o f  sym­

bols on each of  s ix  l i n e s  spaced e q u i d i s t a n t  from each o th e r  and from 

one l in e  to  the  next .  G r i f f e n ,  Walton, and Ives (1974) evaluated  13 

ch i ld re n  (aged 9 to  11) who read a t  l e a s t  1.5 years  below grade level  and 

contro ls ,  on two "nonverbal"  a r r a y s ,  one composed of 25 e qua l ly  spaced 

dots  and the  second c o n s i s t in g  of  a s i m i l a r  arrangement of  animal 

drawings. The c h i ld r e n  were i n s t r u c t e d  to  look a t  each card as in a
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reading s i t u a t i o n .  The poor r e a d e rs  showed more r e g re s s io n s  ( l e f t ­

ward movements) on the  dot  card  than c o n t r o l s .  However, t h e r e  were no 

s i g n i f i c a n t  d i f f e r e n c e s  between groups in the number of  r e g re s s io n s  

f o r  the animal card or  the  number o f  f i x a t i o n s  fo r  e i t h e r  the  animal 

card or  th e  do t  c a rd .

The ques t ion  s t i l l  remains as to  whether d ys lex ic  c h i ld re n  d i sp la y  

a b e r ra n t  scanning dur ing read ing  because of  a d i f f i c u l t y  in p rocess ing  

such l i n g u i s t i c  m a t e r i a l ,  or  because o f  a d e fe c t  in o cu la r  m o t i l i t y , i  . e . , the 

d ys lex ic  c h i ld re n  may not  p ro p e r ly  d i r e c t  t h e i r  eyes to  f i x a t e  on the  

information needed f o r  p rocess ing .

Factors  A f fe c t in g  Eye Movement P a t t e rn s

Visual scanning behavior  i s  a f f e c t e d  by the na tu re  o f  a v isua l  

s t im u lus ,  by the  type o f  c o g n i t iv e  p rocess ing  r equ i red  to  perform a 

p a r t i c u l a r  t a s k ,  and by the  i n t e g r i t y  o f  the  oculomotor system to  exe­

cute  the  p e r c e p t u a l / c o g n i t i v e  requirements  fo r  accu ra te  information 

p rocess ing .

Visual s t im ulus  p a ram e te r s . A convenient  paradigm f o r  e v a lu a t in g  

the e f f e c t s  o f  such s timulus  v a r i a b l e s  as the  f a m i l i a r i t y ,  d e n s i ty  and 

the o r i e n t a t i o n  o f  a v isua l  d i s p l a y ,  i s  the f i e l d  o f  search  t a sk .

Array d e n s i ty :  The p a t t e r n  d e n s i ty  in the p e r ip h e ra l  a r r a y  can

in f luence  scanning s t r a t e g i e s  (Mackworth, 1965; Mackworth & Bruner,

1970). According to  Mackworth (1965),  when the  p e r iphera l  f i e l d s  are  

over loaded w i th  v isua l  in fo rm at ion ,  scanning seems to c l u s t e r  in the  

c en te r  o f  the  d i s p l a y ,  i . e ,  "v isua l  no ise  causes tunnel v i s i o n " .  This 

p e r iphera l  c o n t r a c t i o n  has a l so  been observed in p a t i e n t s  with d i f f u s e  

cerebra l  d y s func t ion  (Bender & Diamond, 1965; Diamond & E p s te in ,  1974).

Bender and Diamond (.1975) suggested t h a t  t h i s  cen te r ing  o f  eye move-
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ments may a l so  r e f l e c t  a d iminished process ing  c a p ac i ty  r e l a t i v e  to  the 

in fo rm at ion  con ten t  of  the  s t im u lu s .  Young ch i ld re n  a lso  show a "cen­

t e r in g "  of  t h e i r  v isual  f i e l d  t h a t  tends  to  expand with age (P iag e t  & 

I n h e ld e r ,  1969). Since v isua l  no ise  impairs p e r ip h e ra l  matching 

(Mackworth, 1965), a s u b t le  p a t t e r n  r e c o g n i t io n  d e f i c i t  may become mag­

n i f i e d  with  increased  p e r ip h e ra l  in fo rm at ion .  This may be revea led  in 

a "cen te r in g "  of  scanning.

Array con ten t :  Left  brain-damaged p a t i e n t s  show impaired p e r f o r ­

mance on matching f a m i l i a r  o b j e c t s  to  a p i c t u r e  (DeRenzi, S c o t t i , & 

S p in n le r ,  1969). Recognition o f  t a c h i s t o s c o p i c a l l y  presen ted  f a m i l i a r  

f i g u r e s  i s  d e fe c t iv e  in l e f t  temporal lobe p a t i e n t s  while  r i g h t  temporal 

lobe p a t i e n t s  have more d i f f i c u l t y  in perce iv ing  over lapp ing  shapes not 

e a s i l y  v e r b a l ly  i d e n t i f i a b l e  (Kimura, 1963). Therefo re ,  in an aphas io- :  

l o g ic a l  co n te x t ,  dys lex ic  c h i ld r e n  would probably have more d i f f i c u l t y  

matching f ig u r e s  t h a t  a re  l i n g u i s t i c a l l y  processed  than those  t h a t  can 

be s p a t i a l l y  coded.

Array o r i e n t a t i o n :  Young non-reading c h i ld re n  have d i f f i c u l t y  d i s ­

c r im in a t in g  r o ta te d  t ra n s fo rm a t io n s  o f  l e t t e r s  (Gibson, Gibson, Pick,  & 

Osser ,  1962). Dyslexic c h i ld r e n  c h a r a c t e r i s t i c a l l y  a l s o  r o t a t e  l e t t e r s ,  

e s p e c i a l l y  b, d, p, q, and words such as was and saw. Lovegrove, 

B i l l i n g ,  and Slaghuis  (1978) r e c e n t l y  observed t h a t  d y s lex ic  ch i ld re n  

have p a r t i c u l a r  d i f f i c u l t y  in the  v isua l  s to rag e  of t i l t e d  l i n e s .  There­

f o r e ,  d y s lex ic  ch i ld ren  may a l s o  have more d i f f i c u l t y  in searching fo r  a 

r o t a t e d  s t im ulus .

Cognit ive processing mode. L in g u i s t i c  process ing  may be e s s e n t i a l  

in the  performance of  "non-verbal"  as well as "verbal"  t a s k s .  Thus, as 

desc r ibed  in a d u l t  aphasics  a l i n g u i s t i c  impairment can i n t e r f e r e  with 

p rocess ing  of  v isual  "non-verbal"  in fo rm at ion .  Those co g n i t iv e  tasks  

on which aphas ics  perform p o o r ly ,  r e g a rd le s s  o f  t h e i r  m an i fe s t  verbal
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c o n te n t ,  may a l so  be performed poor ly  by d y s lex ic  c h i ld r e n .  For 

example, aphas ic  a d u l t s  perform s i g n i f i c a n t l y  worse than o th e r  b r a i n ­

damaged in d i v i d u a l s  on the embedded f i g u r e s  t e s t  (Teuber & Weinste in ,  

1956; Russo & Vignio lo ,  1967). I n t e r e s t i n g l y ,  s im i l a r  f in d in g s  have 

been r ep o r ted  in r e a d in g -d i s a b le d  c h i l d r e n  (Tjossem e t  a l . ,  1962; 

Goetzinger  e t  a l . ,  1960); eye movement p a t t e r n s  should r e f l e c t  t h e i r  

d i f f i c u l t y  in t a s k  performance.

Oculomotor component. Dyslexic  c h i l d r e n  may show d e f e c t iv e  scan­

ning s t r a t e g i e s  in the e x p lo ra t io n  o f  "non-verba l"  as well as "verba l"  

m a te r ia l s  p o s s ib ly  because the  motor h a b i t s  p r a c t i c e d  in reading may 

in f luence  the way they  organ ize  and process  a l l  v i sua l  in formation .

For example, in a p re l im in a ry  s tudy with  second-grade r e a d in g -d i s ab le d  

c h i ld r e n ,  El kind and Weiss (1967) found t h a t  when th e  ch i ld re n  were 

asked to scan an i s o s c e l e s  t r i a n g l e  composed of  common f ig u re s  forming 

i t s  o u t l i n e ,  they  scanned fo l lowing  a l e f t  to r i g h t  reading  p a t t e r n .  

This scanning s t r a t e g y  was more t y p i c a l  of younger c h i ld re n  t h a t  were 

not r e a d in g -d i s a b le d .  Second-grade read ing  c h i ld re n  tended to look 

a t  the f i g u r e s  fo l lowing  the  form o f  th e  t r i a n g l e .  Elkind and Weiss 

suggested t h a t  c h i ld r e n  with d i f f i c u l t y  in l e a rn in g  to  read cont inue to  

use the  spontaneous p r a c t i c e  of  eye movements needed fo r  reading t h a t  

average r ead e rs  have outgrown. They a l l e g e d  t h a t  the  need fo r  p r a c t i c e  

cont inues  in th e  r e a d in g -d i s a b le d  c h i l d r e n  because the  motor s k i l l s  

have never been comple tely  developed.

Another p o s tu la t e d  oculomotor theory  of  reading  d i s a b i l i t y  suggests  

t h a t  d y s lex ic  c h i ld re n  may have a tendency to  move t h e i r  eyes from 

r i g h t  to l e f t  r e g a rd l e s s  o f  the  c o n te n t  o f  the m a te r ia l  (verbal  or  "non­

verba l" )  and t h i s ,  to  some e x t e n t ,  may be a c a u sa t iv e  f a c t o r  of t h e i r  

reading d i s a b i l i t y .
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The purpose of  the  p r e s e n t  s tudy  i s  to determine the  na tu re  and 

ex ten t  of  v isuopercep tua l  d e f i c i t s  in a sample of  d y s le x ic  c h i ld re n  

and to  s y s t e m a t i c a l l y  s tudy th e  eye movement s t r a t e g i e s  used by th e se  

c h i ld re n  in p rocess ing  "n o n -v e rb a l"  v i su a l  in form at ion .  S p e c i f i c a l l y ,  

the e f f e c t s  on oculomotor p a t t e r n s  of  s timulus  pa ram e te rs ,  such as 

d e n s i t y ,  content^and o r i e n t a t i o n ,  w i l l  be examined. In a d d i t i o n ,  t h i s  

study w i l l  i n v e s t i g a t e  the  e f f e c t s  of  l i n g u i s t i c  p ro cess in g  demands on 

the scanning of  d y s le x ic  c h i l d r e n .  The c o n t r ib u t io n  of oculomotor 

i n t e g r i t y  and e f f i c i e n c y  on t a s k  performance wil l  a l s o  be ev a lu a ted .

Hypotheses

The s tudy  was designed to  i n v e s t i g a t e  the n a tu re  of  percep tua l  

d e f i c i t s  and a s s o c i a t e d  v i su a l  scanning s t r a t e g i e s  in d y s lex ic  c h i l ­

dren,  t e s t i n g  the  aphas ia  model o f  d y s le x i a .  The fo l lowing  hypotheses 

a re  advanced:

1. Dyslexic  c h i ld r e n  w i l l  e x h i b i t  performance d e f i c i t s  on v isua l  

perceptual  t a s k s .  However, i t  w i l l  be e s ta b l i s h e d  t h a t  the  impairment 

of v isua l  p e rcep tu a l  f u n c t io n s  i s  s e l e c t i v e  and not u n i v e r s a l .

2. O p e r a t io n a l ly ,  the f u n c t io n a l  subse t  of percep tua l  abnormalit ies  

w il l  be de f ined  by t e s t s  o f  c o g n i t i v e / l i n g u i s t i c  a b i l i t i e s .  Therefore ,  

dys lex ic  c h i ld r e n  w i l l  do p o o r ly  in id e n t i fy in g  embedded f ig u r e s  and

in lo c a t in g  f a m i l i a r  objeGts  in  a f i e l d  o f  search t a s k ,  as do aphas ic  adul ts .

3. D e fec t iv e  v i su a l  s p a t i a l  f u n c t io n s  in d y s le x ic  c h i ld r e n  w i l l  

be d e l in e a te d  f u r t h e r  by th o se  t a s k s  t h a t  p re sen t  to the system a la rg e  

q u an t i ty  of  v i s u a l  in fo rm at ion  r e l a t i v e  to  the channel c a p a c i ty  of  t h a t  

system. Since t h e  r e s u l t a n t  o v e r lo a d  w i l l  produce a c e n t r a t i o n  of  the
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f u n c t io n a l  v isua l  f i e l d ,  i t  i s  e x p l i c i t l y  hypothesized t h a t  an 

i n c r e a s e  in a r r a y  d e n s i ty  in a f i e l d  o f  search paradigm w i l l  produce 

a g r e a t e r  d e c l in e  in the  performance of  the d ys lex ic  c h i ld r e n  than of 

the  c o n t ro l  group.

4. Dyslexic c h i ld re n  a re  a l s o  expected to  have more d i f f i c u l t y  

than a co n t ro l  group in s to r i n g  an d /o r  r e t r i e v i n g  r o t a t e d  v isua l  forms.

5. D if fe rences  in eye movement p a t t e r n s  between d y s le x ic  c h i l ­

dren and con t ro l  w i l l  e x i s t  independent ly  of  s p e c i f i c  motoric  d e f i c i t s .
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METHODS AND MATERIALS

S ubjec ts

F i f t e e n  d y s lex ic  ch i ld ren  and f i f t e e n  normal reade rs  were included 

in t h i s  s tudy.  Children  with read ing  d i s a b i l i t i e s  who met the  fo l low ­

ing c r i t e r i a  were s e le c te d  fo r  th e  d y s le x ic  sample:

1. Between e ig h t  and t h i r t e e n  y e a r s  o f  age

2. Male

3. Right-handed w r i t e r

4. Normal hearing and c o r r e c t a b l e  v i su a l  a c u i ty

5. No known neurological  d i s o r d e r ;  no hard neuro log ica l  s igns

6. Score below 1.5 on the  s h o r t  form of  the Conners H yperac t iv i ty  

Rating Scale  as r a t e d  by pa ren t  or t e a c h e r  (Conners,  1969)

7. Chronic h i s to r y  of reading  problems

8. Normal i n t e l l i g e n c e  as measured by th e  Wechsler I n te l l i g e n c e  

Scale  f o r  Chi ldren-Revised (WISC-R) with  a t  l e a s t  85 F u l l - s c a l e  IQ 

(FS IQ) and 90 IQ on e i t h e r  the Verbal or Performance s u b te s t s  

(Wechsler,  1974)

9. No primary emotional problems

10. No educat ional  and environmental d ep r iv a t io n

11. Only English spoken a t  home

12. Reading a t  l e a s t  2.4 y ea rs  below mental age on the Gray Oral 

Reading T e s t  (Gray, 1967) and the Wide Range Achievement Tes t  (WRAT) 

( J a s t a k  and J a s t a k ,  1965).

Children in the  dys lex ic  sample were drawn from two p r iv a te  

schools  f o r  minimally b ra in -dys func t ioned  and l e a r n in g -d i s a b le d  c h i l ­

dren ,  t h e  Child Development Centers a t  The Elmhurst General H osp i ta l ,  

The Long Is land  Jewish H o s p i t a l - H i l l s id e  D iv is ion ,  and the Neuropsy­
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chology Department a t  Montef iore H osp i ta l .  Approximately 1000 records  

were reviewed in the s e l e c t i o n  process .

For purposes of  c o n t r o l ,  ch i ld re n  w i thou t  read ing  d i s a b i l i t y  were 

s e le c te d  from those  who met the  fo llowing c r i t e r i a :

1. Between e ig h t  and t h i r t e e n  y ea rs  old and w i th in  four  months 

of age with a d y s le x ic  c h i ld

2. Male

3. Right-handed w r i t e r

A. Normal hear ing and c o r r e c t a b l e  v i su a l  a c u i ty

5. No h i s to r y  o f  read ing  problems

6. Normal i n t e l l i g e n c e  as measured f o r  th e  d y s lex ic  ch i ld  and 

w i th in  seven FS IQ p o in t s  with one d y s lex ic  c h i ld  who a l so  matched f o r  

age

7. Fluent Engl ish spoken

8. Reading on or  above grade level  as measured by the Gray Oral 

and th e  WRAT reading t e s t s .

Children in th e  con tro l  group were s e l e c t e d  from th re e  p r iv a te  

( p a ro c h ia l )  schools .  Of s ix t y  c h i ld re n  e v a lu a te d ,  15 were s u i t a b l e  

given the sampling r e s t r i c t i o n s .

Sample C h a r a c t e r i s t i c s

The groups were matched f o r  socioeconomic s t a t u s  by s e le c t in g  

c h i ld re n  from m id d le -c la s s  f a m i l i e s .  Each c h i ld  was matched with a 

normal ch i ld  with regards  to F u l l - s c a l e  IQ and age. The dys lex ic  boys 

ranged in age from 9 yea rs  5 months to  13 y ea rs  5 months (M = 12 yea rs  

0 months, SD = 1 y ea r  3 months).  The ages of  the  normal readers  ranged 

from 9 years  4 months to  13 yea rs  6 months ( =  12 y ea rs  0 months,
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SD = 1 year  2 months).  FS IQ ranged from 91 to  123 (M = 105.1,  SD = 

10.0) f o r  the d ys lex ic  sample and 95 to  123 (M_ = 106.8 ,  SD_ = 7.8) fo r  

the  con t ro l  group.

The r e s u l t s  of  neuropsychometric e v a lu a t io n  ( v . i . )  was reviewed 

by Dr. Steven M a t t i s ,  who c l a s s i f i e d  the d y s le x ic  c h i l d r e n .  Eight of 

th e  d y s lex ic  c h i ld re n  were c l a s s i f i e d  as a r t i c u la to ry -g ra p h e m o to r  

d y s l e x i c s ,  f i v e  were language- impaired d y s le x ic s  and two were of  a mis­

ce l lan eo u s  group with predominant sequencing d i f f i c u l t i e s .  (None were 

i d e n t i f i e d  as v i su o s p a t i a l  d y s l e x i c s . )

Procedure

The Evalua t ion of  the  Dyslexic Children

The d y s le x ic  c h i ld re n  were evalua ted  in the fo l lowing  manner in 

o rde r  to  a s c e r t a i n  the  e x ten t  and na tu re  o f  t h e i r  read ing  d i s a b i l i t y  

and to  decide  t h e i r  a p p ro p r ia ten ess  fo r  t h i s  s tudy:

Neurological  examinat ion . The d ys lex ic  c h i ld r e n  were examined by 

a n e u r o l o g i s t ,  Dr. Sidney Diamond. The examination inc luded  the evalua­

t i o n  o f  g a i t ,  motor power, r e f l e x e s ,  gross  and f i n e  motor c o o rd in a t io n ,  

senso ry -pe rcep tua l  f u n c t io n in g ,  gross v isua l  f i e l d s ,  and oculomotor 

fu n c t io n s  inc lud ing  p u r s u i t ,  saccadic  eye movements, and o p to k in e t i c  

nystagmus.

Neuropsychometric e v a lu a t i o n . An ex tens ive  b a t t e r y  o f  neuropsycho­

lo g ic a l  t e s t s  were adm in is te red  in order  to  d e f in e  the  p ro por t ion  of  the 

sample t h a t  were v i s u o s p a t i a l ,  a r t ic u la to ry -g ra p h o m o to r  or  language- 

d i so rd e red  d y s le x ic s  (Matt is  e t  a l . ,  1975). The complete b a t t e r y  i n ­

cluded:



1. WISC-R inc lud ing  the  fo llowing s u b t e s t s :

a .  Verbal s u b t e s t s :  In formation ,  S i m i l a r i t i e s ,  Ar i thm et ic ,  

Vocabulary, Comprehension,and D ig i t  Span

b. Performance S u b te s t s :  P ic tu re  Completion, P ic tu re  Arrange­

ment, Block Design, Object  Assembly, and Coding

2. Wide Range Achievement Tes t  (WRAT): Reading, Ari thmetic  and 

Spe l l ing  s u b te s t s

3. Gray Oral Reading Test  (Form A)

4. Ravens Coloured P rog ress ive  M atr ices  (RCPM)

5. Modified H ar r i s  L a t e r a l i t y  Test  (M a t t i s ,  personal  communica­

t io n )

6. Language B a t te ry

a. Token Test f o r  Aphasia

b. Spreen-Benton Naming Test

c.  Auditory Reception and Sound Blending s u b te s t s  o f  the 

I l l i n o i s  T es t  o f  P s y c h o l in g u i s t i c  Apt i tude  (ITPA)

d. Sentence R e p e t i t io n  from th e  Boston Aphasia Bat te ry

e. Wepman T e s t  o f  Auditory D iscr im ina t ion

7. Purdue Pegboard T es t  of  Fine Motor Coordinat ion

8. Benton Tes t  of  Visual Retent ion (copying, r ec a l l ,  and graphe-  

motor s k i l l s ) .

Visuospat ia l  Test ing

The v i su o p e rcep t iv e  t a sk s  employed in th e  p r e se n t  s tudy a re  

c l a s s i c a l l y  known to  be s e n s i t i v e  to  ce reb ra l  dys func t ion  and to  normal 

developmental changes. These t e s t s ,  in c lud ing  a c i r c l e - s i z e  matching 

t e s t ,  the Ravens Coloured P rog ress ive  Matr ices  (Ravens, 1962), the 

Ghent Embedded Figures (Ghent, 1956), and the  Modified Valcuikas
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Embedded Figures  (V alcu ikas ,  personal  communication) were admin is tered  

to  both d y s le x ic  and con t ro l  groups. Most o f  th e se  t a s k s  were s e le c te d  

from a l a r g e r  b a t t e r y  of  v i s u o s p a t i a l  t e s t s  employed in  a p i l o t  study 

(see  Appendix A ).

C i r c l e - s i z e  m atching . The c i r c l e - s i z e  matching t e s t  i s  a d i f f i ­

c u l t  percep tua l  d i s c r i m i n a t i o n  t e s t  t h a t  r e q u i r e s  i n t a c t  a b i l i t i e s  of 

magnitude e s t im a t io n .  Nebes (1974) observed t h a t  s p l i t - b r a i n  p a t i e n t s  

show r i g h t  hemisphere s u p e r i o r i t y  on a t a sk  which r e q u i re d  them to  

choose from d i f f e r e n t  s i z e  c i r c l e s ,  the  one from which a p a r t i c u l a r  

arc  had come. Although t h i s  t a s k  i s  d i f f e r e n t  than th e  one used in the  

p r e se n t  s tudy ,  both r e q u i r e  a judgment of  the  s i z e  o f  an a r c .  Other 

r e s e a r c h e r s  have a l so  suggested t h a t  r i g h t  hemisphere p rocess ing  i s  

r eq u i red  to  perform a c i r c l e  matching t e s t  (G al in ,  1976). I t  was 

expected t h a t  d y s le x ic  c h i l d r e n  would probably have l i t t l e  d i f f i c u l t y  

on a t a sk  o f  pe rcep tua l  d i s c r im in a t io n  (Birch,  1962), e s p e c i a l l y  i f  

r i g h t  hemisphere p rocess ing  was req u i re d .

The p r e s e n t  t a s k  c o n s i s t e d  of  a s tandard  s i z e  c i r c l e  a t  t h e  top 

c e n te r  o f  a sh ee t  of  paper .  Arranged in two rows below t h i s  c i r c l e  

were a t o t a l  o f  e ig h t  c i r c l e s  o f  varying s iz e s  ( fo u r  per  row) (see 

Appendix A , F igure  C ).  Each c h i ld  was r equ i red  to  l o c a t e  the  c i r c l e  

t h a t  was the  same s i z e  as the  s tanda rd .  Three s tandard  c i r c l e  s i z e s ,  

each with  answers in  fo u r  d i f f e r e n t  p o s i t io n s  were p re sen ted  in  random 

o rder  (12 p r e s e n t a t i o n s ) .  The percentage of c o r r e c t  answers f o r  each 

c h i ld  was determined.

Ravens Coloured P rogress ive  Matr ices (RCPM). The Ravens Coloured 

P rogres s ive  Matr ices  (RCPM) i s  a s tandard ized  t e s t ,  widely  recognized
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used to  a s s e s s  s p a t i a l  d e f i c i t s  in brain-damaged po p u la t io n s  

( G a i n o t t i ,  1968; Costa,  Vaughan, Horwitz,  & R i t t e r ,  1969). P a t i e n t s  

with r i g h t  hemisphere l e s io n s  show s i g n i f i c a n t l y  poorer  performance on 

th e  RCPM than l e f t  brain-damaged p a t i e n t s  (Costa e t  a l . ,  1969).  Costa 

e t  a l . r ep o r t e d  a h igher  inc idence  of a l a t e r a l i z e d  response  p o s i t i o n  

p re fe ren ce  in r i g h t  brain-damaged than in p a t i e n t s  with l e f t  ce reb ra l  

l e s i o n s .  Within the  l e f t  brain-damaged group, r e c e p t i v e  aphas ics  had 

more e r r o r s  than non-dysphasic  or express ive  aphas ic  groups.  Basso, 

DeRenzi, F a g l io n i ,  S c o t t i ,  and Spinnler  (1973) a l so  confirmed t h a t  

w i th in  th e  l e f t  brain-damaged group, p a t i e n t s  w i th o u t  aphas ia  performed 

b e t t e r  than an aphas ic  group. However, Basso e t  a l . noted t h a t  the 

f a i l u r e  o f  aphas ics  could not  explained by the  p resence  of  a language 

d i s o r d e r ,  s in ce  the  c o r r e l a t i o n  between Ravens sco res  and measures o f  

o ra l  comprehension and naming was p r a c t i c a l l y  zero .

Costa (1976) suggested t h a t  d i f f e r e n t  designs  o f  the  RCPM may be 

d i f f e r e n t i a l l y  s e n s i t i v e  to  b ra in  dysfunct ion .  For example, those  

des igns  which r e q u i r e  G e s t a l t  process ing  (A s e t )  would be more l i k e l y  

to  show impaired performance in r i g h t  brain-damaged s u b je c t s  while 

those  which r e q u i r e  the use of  analogy would be more s e n s i t i v e  to  l e f t  

b ra in  dys func t ion  (B s e t ) .  However, r i g h t  brain-damaged p a t i e n t s  

performed s i g n i f i c a n t l y  poorer  than l e f t  c e re b ra l -1 e s io n e d  p a t i e n t s  on 

both s u b s e t s .

Goetz inger  e t  a l .  (.I960) found t h a t  poor r e ad e rs  performed s i g n i ­

f i c a n t l y  worse than good read e rs  on the RCPM.
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RCPM c o n s i s t s  o f  a s e r i e s  o f  d e s ig n s ,  each of  which, i s  miss ing 

a s e c t io n  in  the lower r ig h t -h an d  c o rn e r .  The s u b je c t  i s  r equ i red  to 

f ind  the  p iece  ( s ix  choices)  which b e s t  completes  the  des ign .  The 

number of  c o r r e c t  answers was t a b u la t e d  f o r  each c h i ld .

Embedded f ig u r e s  t e s t s . The embedded f ig u r e s  t e s t  (EFT) was 

o r i g i n a l l y  devised by G o t t sch a ld t  (1926, 1929), in  o rde r  to  s tudy  the  

r o l e  o f  p a s t  exper ience in pe rcep t ion  and was l a t e r  popula r ized  by 

Thurstone (1944) in i d e n t i fy in g  the  " f l e x i b i l i t y  o f  c lo su re "  f a c t o r .  

Ghent (1956) adopted T h u rs to n e 's  f i g u r e s  and s tud ied  percep tua l  

development. She noted t h a t  younger c h i ld r e n  have g r e a t e r  d i f f i c u l t y  

in s e p a ra t in g  f i g u r e  from ground e s p e c i a l l y  i f  t h e i r  contours  c o in ­

c id e  as in  embedded f ig u r e s .  This t e s t  has been shown to  be p a r t i c u ­

l a r l y  s e n s i t i v e  to  ce rebra l  damage in c h i ld re n  (Werner & S t r a u s s ,  1941) 

and in a d u l t s  (Gelb & G olds te in ,  1920). I t  has been suggested t h a t  a 

s p e c i f i c  form of  a c e n t r a l  v isua l  d i s tu rb a n c e  u n d e r l ie s  the i n a b i l i t y  

to  do EFT. This hypothesis  has been i n d i r e c t l y  confirmed by th e  

i n v e s t i g a t i o n s  of  Teuber,  B a t t e r sb y ,  and Bender (1951) which in d ic a te d  

t h a t  p a t i e n t s  with r e t r o - r o l a n d i c  l e s io n s  performed worse than p a t i e n t s  

with e i t h e r  a n t e r i o r  or  in te rm e d ia te  l e s io n s .  Gelb and Golds te in  (1920) 

hypothesized t h a t  a general lo ss  in  a b s t r a c t  i n t e l l i g e n c e ,  not s p e c i f i c  

to  any modali ty  or language f u n c t io n in g ,  was r e sp o n s ib le  f o r  impaired 

performance o f  EFT. This i n t e l l e c t u a l  d e f e c t  was r e l a t e d  to a " lo s s  of 

a b i l i t y  to  d i s c r im in a te  any u n i t  o f  percep t ion  from i t s  con tex t"  and 

could t h e r e f o r e ,  be a t t r i b u t e d  to  ce reb ra l  l e s io n s  in any lobe.  

B a t te rsby ,  Krieger ,  P o l lack ,  and Bender (1953) found t h a t  " i n t e l l e c t u a l "  

impairment as measured by the  EFT (as  well as o th e r  t e s t s )  could be 

produced by l e s io n s  in any p o r t io n  of the  ce reb ra l  hemispheres.  These
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r e s u l t s ,  to  some e x t e n t ,  confirmed the  Gelb-Goldste in  hypo thes is .  

Although Teuber and Weinstein (1956) a l so  found t h a t  brain-damaged 

p a t i e n t s ,  r e g a rd l e s s  of the  locus o f  t h e i r  l e s i o n s ,  showed d e f e c t i v e  

performance on embedded f i g u r e s ,  they noted t h a t  w i th in  t h i s  p o pu la t ion ,  

aphas ics  performed s i g n i f i c a n t l y  worse than o th e r  brain-damaged pa­

t i e n t s .  Right brain-damaged p a t i e n t s  a l so  perform poor ly  on EFT, a l ­

though t h e i r  performance i s  not  as impaired as the  l e f t  brain-damaged 

aphas ics  but  s i g n i f i c a n t l y  b e t t e r  than l e f t  brain-damaged non-aphasics  

(Russo & Vignolo, 1967). Russo and Vignolo concluded t h a t  poor v isua l  

f igu re -g round  d i s c r im in a t io n  (as measured by EFT) may be due t o  an im­

pairment o f  a t  l e a s t  two a b i l i t i e s ,  language o r  a s im i l a r  i n t e l l e c t u a l  

f ac to r ,  and a v i s u o s p a t i a l  a b i l i t y ,  subserved by the r i g h t  hemisphere. 

According to  Teuber and Weinstein (1956),  t h i s  language f a c t o r  may not 

be merely a d i s tu rb an c e  in l i n g u i s t i c  r e c e p t io n  or  ex p re ss io n ,  bu t  may 

be a m a n i fe s t a t io n  o f  a f a u l t y  s e l e c t i o n  o f  r e l e v a n t  in fo rm at ion .

Defect ive  performance on EFT has a l s o  been observed in  r ead in g -  

d i sa b led  c h i l d r e n ,  aged seven to  nine (Tjossem e t  a l . ,  1962). In an 

o ld e r  sample o f  10 to  12 year  o ld s ,  only the  more complex s e c t io n s  of  

the  G o t t sch a ld t  EFT d i f f e r e n t i a t e d  the  good from the poor read e rs  

(Goetzinger  e t  a l . ,  1960). This may be i n d i c a t i v e  of  s u b t l e  b ra in  

damage manifested in a d i f f i c u l t y  in s e p a ra t in g  f i g u r e  from ground or 

of s e l e c t in g  and a t tend ing  to  the important  elements o f  a v isua l  s timu­

lu s .  This d i s tu rb an ce  may be s p e c i f i c  to  a d i f f i c u l t y  in  process ing  

l i n g u i s t i c  in form at ion .  I t  i s  expected t h a t  the  d y s le x ic  c h i ld re n  w il l  

have more d i f f i c u l t y  than co n t ro ls  in performing the embedded f ig u r e s  

t e s t .  Two types  of  embedded f ig u r e s  ta sk s  were employed: The Ghent

Embedded Figures  and the Modified Valcuikas Embedded Figures Tes t .
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Ghent Embedded F igures :  The s u b je c t  was requ ired  to  f in d  a

simple f ig u r e  embedded in a more complex f ig u r e  located below i t  

(see Appendix A, Figure I ). Each c h i ld  was asked to o u t l i n e  the 

c o r re c t  answer. The percentage of  c o r r e c t  answers was asce r ta in ed  

(14 f i g u r e s ) .

Modified Valcuikas  Embedded Figures  Tes t :  A simple f ig u re  was

hidden in one of  four  complex f ig u re s  loca ted  below i t .  The complex 

f ig u re s  were arranged so t h a t  th e re  were two choices  on each of  two 

rows (see Appendix A, Figure J ) .  The format was modified from the 

o r ig in a l  Valcuikas Embedded Figures to  in su re  t h a t  an equal number of 

c o r r e c t  answers were in each hemif ie ld .  Eleven f ig u re s  were p resented  

in a f ixed  order  of approximately in c reas in g  complexity. The f i r s t  

f ig u r e  served as a sample f i g u r e  and was not included in the ana lyses .  

The ch i ld re n  were asked to f in d  the hidden f ig u r e  and then to  o u t l i n e  

the c o r r e c t  answer. The percentage of  c o r r e c t  answers was t a b u la te d  

fo r  each c h i ld .  The eye movements recorded during the performance of  

t h i s  t a sk  were a l so  analyzed ( v . i . )

E.ye Movement Test ing

Test ing was conducted in an a i r - c o n d i t io n e d  labora to ry  a t  Queens 

College of the City Univers i ty  of New York. During the procedure, 

c a r r i e d  out  in dim ambient l i g h t ,  the  s u b je c t  s a t  on an ad ju s ta b le  

s tool  with his  head r e s t i n g  on a chin and forehead support .  A b i t e  bar  

with in d iv id u a l ly  molded mouthpieces was used to  control  head motion. 

Horizontal and v e r t i c a l  eye movements were recorded by a Whittaker Eye- 

View Monitor and Pupi l lometer  System (model 1992 S) ,  an in f ra red  (IR) 

system, which i s  accu ra te  to approximately 30 minutes fo r  eye movements 

in a range from one to  t h i r t y  degrees in the  hor izon ta l  plane and one
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to  tw e n ty - f iv e  degrees in the v e r t i c a l  plane.

The o u tp u t  o f  the d e t e c t i o n  appara tus  was recorded  on a Sangamo 

FM seven t r a c k  ins trument  tape  r e co rd e r  {model 1900), and s im ul taneous ly  

cha r ted  on a Beckman polygraph r ec o rd e r  (model T) with  both DC and RC 

coupl ing  f o r  p o s i t i o n a l  and v e l o c i t y  ( d i r e c t i o n a l )  in fo rm a t io n ,  r e ­

s p e c t iv e ly .

Eye movements were induced by s l i d e s ,  rea r -v iew  p r o je c te d  onto a 

whi te  t r a n s l u c e n t  sc reen .  The f i e l d  p resented  subtended a v isua l  

ang le  of  18 degrees  h o r i z o n t a l l y ,  by 13 degrees v e r t i c a l l y  a t  the  sub­

j e c t ' s  eye. A t o t a l  of  81 s l i d e s  were presented in c lu d in g  39 on which 

the  p re se n t  s tudy i s  based. Five c a l i b r a t i o n  s l i d e s  were incorpora ted  

in th e  s e t .

A c a l i b r a t i o n  s l i d e  c o n s i s t e d  of the  numbers one to  n ine  in a 

r e c t a n g u la r  a r r a y  of  th r e e  rows and th re e  columns (see  Appendix B , 

F igure  M ).  All succeeding s l i d e  d i sp la y s  f e l l  w i th in  th e  l i m i t s  s e t  

by th e  numbers of the  c a l i b r a t i o n  s l i d e .  The c e n te r s  o f  the  remaining 

s l i d e s  superimposed on the  number "5". During the  c a l i b r a t i o n  pro­

cedure ,  the s u b je c t  was asked to  look a t  the number "5", which was 

t h e  c e n t r a l  c ip h e r ,  and then a t  the remaining ones in numerical o rd e r ,  

r e tu rn in g  f i n a l l y  to  the  "5". In t h i s  way, the  ampli tude o f  a l l  suc­

ceeding hor izon ta l  and v e r t i c a l  saccades was known and could be used 

f o r  c a l i b r a t i n g  the reco rd .  Figures  U and V (Appendix C) i l l u s t r a t e  an 

eye movement t r a c e  induced by the  c a l i b r a t i o n  p a t t e r n .  A f u l l  c a l i b r a ­

t i o n  procedure was c a r r i e d  ou t  a t  the beginning and end o f  the  t e s t  

sess ions ,  and before  and a f t e r  each of the th re e  r e s t  p e r io d s .  Each 

s t im ulus  s l i d e  was p resen ted  f o r  40 seconds and the  t o t a l  t e s t i n g  time
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was approximately two and one -ha l f  hours inc luding  c a l i b r a t i o n  time.

At the  end of  each s t imulus  s l i d e ,  the c a l i b r a t i o n  s l i d e  was p ro je c ted  

and the su b je c t  was asked to f i x a t e  on the "5". This allowed f o r  ad­

justments  to  be made f o r  head movement. P r io r  to each s l i d e  change, 

the exper imenter  gave the  r e l e v a n t  i n s t r u c t i o n s  ( a t  the beginning of 

a new s l i d e  s e t )  and sa id  "Ready". The o n se t  of a new s l i d e  was au to ­

m a t ic a l ly  coded on the tape  and r e c o rd ,  by a pu lse .  When the  su b je c t  

completed a ta sk  before  the 40 second time l i m i t ,  he was t o ld  to  c lo se  

his  eyes and take his  head out of  the equipment with h is  eyes c losed .

Tasks Employed f o r  Analys is  of  Eye Movements

Visuospat ia l  ta sks  p a r t i c u l a r l y  s e n s i t i v e  to  cerebra l  dys func t ion ,  

or  o f  s p e c i f i c  re levance  to reading d i s a b i l i t y  were used in conjunct ion 

with eye movement record ings .  Scanning of  reading m ater ia l  was a l so  

recorded f o r  purposes o f  comparison with  eye movements dur ing the view­

ing of "non-verbal"  information.

I t  i s  s tandard  experimental procedure to  adm in is te r  ta sks  in random 

order  so t h a t  the r e l a t i o n s h i p  between the  order  of  ta sk  p re sen ta t io n  

and performance can be a ssessed .  This randomization procedure 

was followed f o r  types of t a s k s ,  i . e . ,  f i e l d  of  search ,  EFT, e t c . ,  but 

not f o r  the  indiv idual  blocks or t r i a l s  w i th in  a t a sk .  This was not  

cons idered to be a ser ious  methodological f law ,  s ince  the analyses  

needed to  determine an order  e f f e c t  could not have been performed. Due 

to the l a r g e  number of v a r i a b l e s ,  the  sample si-ze did not provide s u f ­

f i c i e n t  s t a t i s t i c a l  power to  perform an a n a ly s i s  of var iance .  Given 

the  g r e a t  l ik e l ih o o d  of a Type I I  e r r o r  in  the  a n a ly s i s  for  o rder  e f ­

f e c t ,  i t  was f e l t  t h a t  i t  was p r e f e r a b le  to  keep order  cons tan t  so t h a t  

the  data  could then be examined d i r e c t l y  to  e s t im a te  whether the  r e s u l t s
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were compatib le  with  a t r e n d  over  t ime.  Thus, the  following ta sks  were 

presented  in random o r d e r ,  keeping a f ix e d  o rde r  of  blocks or  t r i a l s  

wi th in  these  t a sk s :

F ie ld  of  s e a r c h . In o rd e r  to  study v i su a l  searching  d i so rd e r s  a s ­

so c ia te d  with ce re b ra l  l e s i o n ,  P o p p e l re u te r  (1917) cons t ruc ted  a f i e l d  

of  search  t e s t ,  which was l a t e r  modified  by Teuber,  Battersby, and 

Bender (1949). Teuber e t  a l . (1949) found t h a t  among brain-damaged 

ch i ld re n  and a d u l t s ,  t h e r e  was a s i g n i f i c a n t  i n c re a se  in the  amount of 

t ime needed to  search  th e  f i e l d  and l o c a t e  the  f i g u r e .  In some c a s e s ,  

an asymmetrical sea rch  s t r a t e g y  was no ted .  In o rde r  to ob ta in  a more 

p r e c i s e  measure of  t h i s  asymmetrical gaze e s p e c i a l l y  seen in p a t i e n t s  

with u n i l a t e r a l  i n a t t e n t i o n ,  Chfedru, LeBlanc and Lhermit te (1973)

coupled the r ev i sed  P o p p e l re u te r  t e s t  w i th  eye movement r eco rd ­

ings .  They were p a r t i c u l a r l y  i n t e r e s t e d  in  in formation  about the 

d i r e c t i o n  of  the  i n i t i a l  scan and the general  s t r a t e g y  of  ex p lo ra t io n .

Normal a d u l t s  looked i n i t i a l l y  to  the  upper l e f t  quadrant but spent  equal 

ex p lo ra t io n  time in  both halves  of  space .  Brain-damaged p a t i e n t s  had 

more d i f f i c u l t y  f in d in g  th e  t a r g e t  in the  f i e l d  oppos i te  to  t h e i r  

l e s io n .

The f i e l d  of  search  t a s k ,  in  t h i s  s tudy ,  co n s is ted  of 0.5 degree 

p a t t e r n s  d i s t r i b u t e d  i r r e g u l a r l y  over  the  p ro je c te d  f i e l d  with an equal 

number of  p a t t e r n s  in each q u ad ran t .  In th e  c e n te r  of  the  a r r a y ,  one 

of the p a t t e r n s  ( the  s tandard )  was d u p l i c a t e d .  The su b je c t  was asked 

to f ind  in the surrounding f i e l d ,  the  p a t t e r n  which was i d e n t i c a l  ( the  

t a r g e t )  to the s ta n d a rd .  The s u b je c t  was asked to  f i x a t e  d e l i b e r a t e l y  

on his  choice and then to c lo se  h is  eyes . The number of f ig u r e s  in the
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a r ray  ( a r r a y  d e n s i t y ) ,  the  level  of  the  f a m i l i a r i t y  of the  t a r g e t s  in 

the  a r r a y  ( a r ray  content)^ and the  angle  o f  r o t a t i o n  of these  t a r g e t s  

( a r ray  o r i e n t a t i o n )  was v a r i e d .

Six blocks c o n s i s t i n g  of  a t o t a l  of  20 F ie ld  of  Search (FOS) s l i d e s  

were p resented  in the  fo llowing o rd e r  ( see  Appendix B ):

1. B u t t e r f l y  32: This block c o n s i s t e d  o f  32 drawings of  fami­

l i a r  o b je c t s  in the  a r r a y  with a b u t t e r f l y  as the  s tandard .  The l o ­

c a t io n  of  the  b u t t e r f l y  t a r g e t  in  each o f  f o u r  s l i d e s  was randomized 

so t h a t  the t a r g e t  appeared once in each quadrant  a t  about 11 degrees  

from the c e n te r  on an ob l ique  (see Figure  N ).

2. B u t t e r f l y  64: This block of  fo u r  s l i d e s  a lso  had a b u t t e r f l y  

as the s tandard  and was i d e n t i c a l  to  th e  B u t t e r f l y  32 except  t h a t  the  

number of  o b je c t s  in  the  a r r a y  was doubled (see  Figure 0 ).

3. Psi (y) 32 : Thir ty- two u n fa m i l i a r  symbols ( inc lud ing  Greek

and Russian l e t t e r s  and apothecary  symbols) c o n s t i t u t e d  the a r r a y .  The 

'F was the  c e n t ra l  s tanda rd  in  each of  the  fo u r  s l i d e s  and the  lo c a t io n  

of  the answer was randomized with r e s p e c t  to  quadrant  (see Figure P ).

4. B u t t e r f l y  32 T: This block was the  same as the B u t t e r f l y  32 

block ( v . s . )  but now the  o b je c t  in the  a r r a y  were t i l t e d  approximately 

45 degrees.  Thus, the  t a r g e t  b u t t e r f l y  was t i l t e d ,  whereas the  s t a n ­

dard b u t t e r f l y  was e r e c t .  The lo c a t io n  o f  the  b u t t e r f l y  t a r g e t  appeared 

on one s l i d e  in the  lower l e f t  quadran t  and in another  s l i d e ,  in the 

lower r i g h t  quadrant.  The order  of  p r e s e n ta t i o n  of the  two s l i d e s  was 

randomized (see Figure  Q ).
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5. B u t t e r f l y  64 T: As in the  B u t t e r f l y  32 T, the  o b je c t s  in the

a r r a y  were t i l t e d  45 degrees and the  b u t t e r f l y  was e r e c t .  There were

a t o t a l  o f  64 elements in the f i e l d  of  sea rch .  The t a r g e t  lo c a t io n  was 

the  same as  in B u t t e r f l y  32 T (see  Figure  R ) .

6. T T: As in the y 32 th e r e  were 32 u n fa m i l i a r  symbols in the 

a r r a y .  The symbols were t i l t e d  by approximate ly  45 deg rees .  The 

c e n t r a l  ¥ s tanda rd  was e r e c t .  The t a r g e t  was loca ted  once in each 

quadrant  (see Figure S ).

The fo l lowing  eye movement measures were der ived f o r  a n a ly s i s :

1. Latency which i s  def ined  as the  time from s l i d e  o n se t  to  the 

i n i t i a t i o n  o f  the  f i r s t  eye movement, ho r izo n ta l  o r  v e r t i c a l .

2. Search time measured as the  e lapsed  time from s l i d e  onse t  to 

the l o c a t i o n  o f  the  t a r g e t .

3. Explora t ion  time (search  time minus l a tency )  which r e f e r s  to 

the  time from th e  i n i t i a t i o n  o f  the  f i r s t  eye movement to  the  lo c a t io n  

of  the  t a r g e t .

4. R e f ix a t io n s ,  i . e . ,  the  number of t imes the  c e n t r a l  s tandard  

was reexamined a f t e r  the i n i t i a l  eye movement.

5. The d i r e c t i o n  of the  i n i t i a l  eye movement, i . e . ,  l e f t  or r i g h t .

Modified Valcuikas Embedded Figures  ( v . s . ,  f o r  background and 

method). The following eye movement measures were employed f o r  ana ly ­

s i s :
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1. Search time as the t o t a l  time taken to l o c a t e  the hidden 

simple f i g u r e .

2. Localized search  time as  the percen tage  of  the  t o t a l  search 

time spen t  in  each of  the f i v e  boxes inc lud ing  the  simple f i g u r e .

3. The t o t a l  number o f  f i x a t i o n  s h i f t s  ac ross  th e  f i v e  boxes.

4. Ref ixa t ions  — the number of  r e t u r n  s h i f t s  to  the  simple

f i g u r e .

5. The d i r e c t i o n  o f  th e  i n i t i a l  saccade.

6. The time taken to f in d  f ig u r e s  hidden in the  l e f t  boxes versus

those  hidden in the r i g h t  boxes.

El kind t r i a n g l e . The Elkind t r i a n g l e  ( v . s . ) ,  an a r r a y  of  twenty 

p i c t u r e s  ar ranged in the  form of  an i s o s c e l e s  t r i a n g l e ,  was scanned 

d i f f e r e n t l y  by a r e a d in g -d i s ab le d  group and a group o f  normal readers  

in a p re l im inary  s tudy (without  eye movement reco rd in g s )  (Elkind & 

Weiss,  1967) (see Appendix A, Figure F ) .  Elkind and Weiss noted t h a t  

r e a d in g -d i s a b le d  c h i ld re n  scan t h i s  t r i a n g l e  from l e f t  to  r i g h t  as 

though they  were p r a c t i c i n g  the  motor h a b i t s  of  read ing .

In the p i l o t  s tudy (see Appendix A ) ,  most o f  th e  read ing -  

d i sab le d  ch i ld re n  named the o b je c t s  in the  form of  a t r i a n g l e .  How­

e v e r ,  they f r e q u e n t ly  named the o b je c t s  in a clockwise fash ion  r a t h e r  

than  the predominant counterc lockwise  method used by good r e a d e r s .  This 

clockwise naming req u i red  t h a t  th e  ch i ld  name the  bottom row r i g h t  to  

l e f t .  Prev ious ly ,  t h i s  l e f t  l a t e r a l i z a t i o n  of  scan was only noticed 

in a s s o c i a t i o n  with reading m ate r ia l  (Orton,  1937; Dearborn, 1933;
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Zangwill & Blakemore, 1972). In a d d i t i o n ,  a few r e a d in g -d i s a b le d  

c h i ld re n  in th e  p i l o t  i n v e s t i g a t i o n  were unsystematic  and almost 

random in t h e i r  naming. Elkind and Weiss only no t iced  t h i s  type of 

scanning in young preschool c h i l d r e n .  Eye movement reco rd in g  a re  

expected to  v e r i f y  these  f in d in g s .

In th e  p r e s e n t  s tudy ,  each c h i ld  was asked to  look a t  a l l  the 

o b je c t s  and to  t r y  to remember them. He was to ld  t h a t  he might be 

ques t ioned  about  the  a r r a y .  The fol lowing eye movement measures were 

der ived  f o r  a n a ly s i s :

1. The number of c h i ld re n  in  each group who showed a "reading" 

l e f t  to  r i g h t  scan

2. The number of c h i ld re n  in each group who o u t l i n e d  th e  t r i ­

angula r  form with  t h e i r  scanning movement; a l s o ,  whether  the  scan 

p a t t e r n  was c lockwise or  counterc lockwise

3. The number of  ch i ld re n  in  each group who showed any random 

q u a l i t y  to  t h e i r  eye movement p a t t e r n s .

Reading.~ Two reading s l i d e s  composed of  four  l i n e s  of  t e x t  each,  

were s e l e c t e d  from the  Gray Oral Reading Test (Form B). The l i n e s  

were o f  in c re a s in g  complexity and ranged from preprimer  leve l  to e igh th  

grade r ead ing .  These s l i d e s  were always presented l a s t  in  the  s l i d e  

s e r i e s  to  avoid a n x ie ty  in th e  d y s le x ic  ch i ld re n .  The s l i d e  with  the 

r e l a t i v e l y  e a s i e r  reading m a te r ia l  was always p resen ted  f i r s t .  The 

fo l lowing  eye movement measures were obtained f o r  a n a l y s i s :

1. F i x a t i o n s : the number o f  forward dwells  ( l e f t  to  r i g h t )
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2. Regress ions : the  number o f  backwards f i x a t i o n s  ( r i g h t  to l e f t )

3. Reading t im e : t ime from scanning onse t  to  completion of the  

fou r  l in e s

4. Correc t ive  movements: t h e  number of small f i x a t i o n s  following 

the  end of  the  preceding l i n e  and made befo re  l e f t  to  r i g h t  scanning of 

the  next l i n e  of t e x t

5. I n i t i a t i o n  of  read ing  s c a n : th e  e lapsed  time from the pause 

a t  the  beginning o f  a l i n e  to  the  o n se t  of  a l e f t - r i g h t  scan

6. Jumped l i n e s : the  number of  t imes th e  eye (as measured by the  

v e r t i c a l  channels)  jumps to  a d i f f e r e n t  l i n e  ahead and then r e tu rn s

7. Regressed l i n e s : the  number of  t imes the  eye r e tu rn s  to  a 

former l i n e  of t e x t .

S t a t i s t i c a l  Analyses

Since the  data  c o n s i s t e d  of  two samples of  equal s i z e ,  and s ince  

each member of  one sample was pa i red  with  s p e c i f i c  member of  the  o th e r  

sample ( fo r  age, FS IQ, sex and handedness) ,  dependent t, t e s t s  were 

used f o r  data  ana lyses .  An under ly ing  normal d i s t r i b u t i o n  of popula­

t io n  d i f f e r e n c e s  i s  assumed in t h i s  t e s t .  The degrees  o f  freedom as 

determined by (n -  1) p a i r s  was equal to  14. The alpha level  used f o r  

s ig n i f i c a n c e  level  was p = .05,  tw o - ta i l e d  t e s t  ( o n e - t a i l e d  t e s t s  were 

used in tasks  t h a t  had been used p rev io u s ly  in the p i l o t ,  Appendix A ) .  

These t. t e s t s  were analyzed by computer (IBM 360) and the  S t a t i s t i c a l  

Package f o r  Social Science (SPSS) f o r  dependent t  t e s t s  was employed.

A d i f f e r e n c e  of  d i f f e r e n c e s  t_ t e s t  v/as used to examine the  e f f e c t s  of
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changes in the  d e n s i ty ,  co n ten t ,  and o r i e n t a t i o n  o f  the  FOS a r rays  

on the  performance o f  dys lex ic  and con tro l  c h i ld re n .  A t e s t  of  c o r r e ­

la t e d  p ropor t ions  was used to e v a lu a te  group d i f f e r e n c e s  on the  scanning

of the Elkind t r i a n g l e .

The exper imenter  was b l ind  to  the  group i d e n t i t y  o f  75% of  the  subjec ts

during the  scor ing  o f  the eye movement reco rds .
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RESULTS 

Sample C h a r a c t e r i s t i c s

The two groups did no t  d i f f e r  s i g n i f i c a n t l y  with regard  to  age and 

FS IQ, t h u s ,  not  r e f u t i n g  th e  p a i r  match o f  d y s lex ic  and con t ro l  c h i l ­

dren f o r  th e se  v a r i a b l e s .  Although the  groups were c l o s e ly  matched f o r  

FS IQ, they  d i f f e r e d  s i g n i f i c a n t l y  on both Performance and Verbal I Q 's ,  

t  (14) = -3 .1 8 ,  £  = .007,  and t  (14) = 5 .92 ,  £  = .001,  r e s p e c t i v e l y .

The d y s le x ic  c h i ld re n  obta ined  s i g n i f i c a n t l y  h igher  scores  than th e  

c o n t r o l s  on th e  Performance s c a l e ,  but  obta ined  s i g n i f i c a n t l y  lower 

scores  on th e  Verbal s c a l e .  Table  1 p re se n ts  the  group c o n t r a s t s  f o r  

age and IQ.

Table  1 

Sample C h a r a c t e r i s t i c s

Measures
Dyslexic 

n=15
Control 

n=l 5
t a

df=14
£b

M SD M SD

Age (months) 143.7 14.3 143.9 14.6 .30 .77

WISC Full Scale  IQ 105.1 10.0 106.8 7.8 1.62 .13

WISC Performance IQ 108.5 10.6 101.4 9 . ! -3 .18 .007

WISC Verbal IQ 101.4 9.3 110.2 9.8 5.92 <.001

GRAY Oral Reading 2.0 .4 9.3 2.9 10.16 <.001

WRAT Reading grade 3.3 1.2 9.1 1.8 13.71 <.001

WRAT Reading S . S . C 76.7 7.9 117.2 11.7 13.41 <.001

WRAT S pe l l ing  S .S . 74.5 6.2 107.9 15.2 8.96 <.001

WRAT Ari thm et ic  S.S. 82.9 7.9 95.2 8.4 3.70 .002

Holl ingshead index (SES) 2.6 1.3 3.1 .9 1.10 .29

apaired t_ tests

^two-tailed tests  
Standard score
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Subjects  were s e l e c t e d  from schools  drawing ch i ld re n  from s i m i l a r  

m idd le -c lass  backgrounds. The c h i l d r e n ' s  socioeconomic s t a t u s  (SES) 

was determined by the  two f a c t o r  Holl ingshead Index fo r  Social P o s i t i o n  

(Hoi 1ingshead, 1958). Most o f  the  c h i ld re n  were from m idd le -c las s  

fam i l ie s  (Classes  3 and 4) and the  groups were not s t a t i s t i c a l l y  d i f ­

f e r e n t  with regard  to  SES (see  Table 1).

As expected,  t h e  d y s le x ic  group obta ined  s i g n i f i c a n t l y  lower 

scores  on both th e  Gray Oral Reading Test  (a t e s t  of  paragraph read ing )  

and the WRAT read ing  s u b t e s t  (word r e c o g n i t i o n ) ,  jt (14) = 10.16, £ <  

.001, and jt (14) = 13.71 ,  £ <  .001, r e s p e c t i v e l y .  The dys lex ic  c h i l ­

dren read on an average ,  about 3 .3  y ea rs  below grade level  on the  WRAT 

and lagged approximate ly  4 .6  yea rs  on the  Gray Oral Test .  The co n t ro l  

group read approximate ly  2 .5  yea rs  above grade level  on both read ing  

t e s t s .  In a d d i t i o n ,  the  d y s le x ic  group ob ta ined  s i g n i f i c a n t l y  lower 

scores  on WRAT s p e l l i n g  and a r i th m e t i c  than the con tro l  c h i ld r e n ,  

jt (14) = 8.96,  £ <  .001 and t  (14) = 3 .70 ,  £ <  .002, r e s p e c t iv e ly  ( see  

Table 1).

V isuospa t ia l  Tasks

As shown in Table 2, of the  four  t e s t s  of  v i s u a l - s p a t i a l  fu n c t io n  

employed in t h i s  s tudy ,  the  d y s lex ic  c h i ld re n  had s i g n i f i c a n t l y  more 

e r ro r s  than the  con t ro l  group on the  Modified Valcuikas Embedded Figures  

only ,  t_ (14) = 1 .94 ,  £ =  .035. The o th e r  ta sks  did not  s i g n i f i ­

c a n t ly  d i s t i n g u i s h  between the  groups.
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Table 2

Performance on V isu a l-S p a t ia l  Tasks

Percen t  C or rec t  ,
V i s u a l -S p a t ia l  ■ JL £.

Dyslexic Control d f  = 14
Tasks M SD M SD

C i r c l e - S iz e  Matching 70.4 18.0 78.1 13.6 1.13 .14

Ravens Coloured 
Progress ive  M atr ices 83.7 2.9 85.0 3.8 .72 .24

Modified Valcuikas 58.7 16.8 70.0 12.0 1.94 .04

Ghent Embedded Figures 80.1 9 .0 82.7 15.8 .57 .29

ap a i red  t  t e s t s

btw o - ta i l e d  t e s t s

F ie ld  of  Search

The eye movement da ta  f o r  the f i e l d  o f  s earch  ta sk  are  presen ted  

f o r  t h r e e  types  o f  s t im u l i :

1. Array d e n s i ty  which c o n t r a s t s  th e  performance of  d y s lex ic  and 

normal c h i ld re n  on the b u t t e r f l y  a r ray  w i th  32 o b je c t s  versus  the 

b u t t e r f l y  a r ra y s  w ith  64 o b je c t s  ( B u t t e r f l y  32 and B u t t e r f l y  32 T vs. 

B u t t e r f l y  64 and B u t t e r f l y  64 T).

2. Array c o n te n t  which compares the  groups '  performance of  the 

f a m i l i a r  f i g u r e  a r r a y s  ( B u t t e r f l y  32 and B u t t e r f l y  32 T) and the  un­

f a m i l i a r  a r ray s  (¥ 32 and f  T).

3. Arrav o r i e n t a t i o n  which c o n t r a s t s  the  d i f f e r e n c e  in dys lex ic  

and contro l  group performance on a r ray s  t h a t  a r e  e r e c t  ( B u t t e r f l y  32, 

B u t t e r f l y  64, and Y 32) with t h e i r  performance on a r ra y s  t h a t  are  t i l t e d
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( B u t t e r f l y  32 T, B u t t e r f l y  64 T and V T).

A d i f f e r e n c e  o f  d i f f e r e n c e  t_ t e s t 5 i . e . ,  a second-order  dependent 

t  test jWas employed to  t e s t  the  s ig n i f i c a n c e  o f  changes in the  

d e n s i ty ,  c o n te n t ,  and o r i e n t a t i o n  f o r  the  two groups.  In a d d i t i o n ,  

a dependent t  t e s t  was used to  e v a lu a te  the  d i f f e r e n c e  between d ys lex ic  

and contro l  c h i ld re n  performance on each a r r a y - ty p e ,  e .g .  B u t t e r f l y  32.

Five eye movement measures were ob ta ined .  They were l a t e n c y ,  

search t ime,  e x p lo ra t io n  t ime,  number of  r e f i x a t i o n s ,  and the  percen t  

l e f t  i n i t i a l  gaze.

Array Density  ( B u t t e r f l y  32, B u t t e r f l y  32 T vs.  B u t t e r f l y  64, B u t t e r ­

f l y  64 T)*

Table 3 shows t h a t  d i f f e r e n c e s  in the dys lex ic  c h i l d r e n ' s  p e r ­

formance between the  a r ray s  with  32 t a r g e t s  and those  with  64 t a r g e t s  

were not s i g n i f i c a n t l y  d i f f e r e n t  from the  d i f f e r e n t i a l  performance of 

the c o n t ro l s  with r e s p e c t  to any of the  eye movement measures: l a ­

tency,  search  t ime,  ex p lo ra t io n  time, and number of r e f i x a t i o n s .

*A second order dependent t t e s t  was analyzed to t e s t  the s i g n i f i c a n c e
o f  d i f f e r e n c e s  between d i f f e r e n c e s .
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Table 3

The Dif ference  between the  D i f f e r e n t i a l  Scores f o r  the  

Dyslexic and Control Children on FOS Arrays of  32 and 64 Targets  

( B u t t e r f l y  32 and B u t t e r f l y  32 T 

vs . B u t t e r f l y  64 and B u t t e r f l y  64 T)d

Eye Movement 
Measures Dyslexics Controls

t a 
df = 14

£ b

M SD M SD.

Latency ( s e c . ) .04c .25 .11 .16 1.00 .33

Search Time ( s e c . ) - .5 0 1.95 - .45 2.80 .05 .96

Explora t ion  Time ( s e c . ) - .5 4 1.94 - .5 6 2.82 -  .02 .99

Number o f  r e f i x a t i o n s .44 .37 .30 .34 -1 .12 .28

a pa ired  t  t e s t s

btw o - ta i l e d  t e s t s

CA nega t ive  number in d ic a te s t h a t  the  value f o r  the a r ra y s  of 64

was g r e a t e r  than the  a r rays  o f  32, i . e . , a l l  "64"1 va lues were sub-

t r a c t e d  from the "32" va lues .  T he re fo re ,  a p o s i t i v e  number i n d i c a t e s

t h a t  the va lue  was g r e a t e r  f o r  the  a r r a y  of  32.

d Note t h a t  the values t a b u la te d  here and on Tables 6 and 8

r e f e r  to  d i f f e r e n c e  of  d i f f e r e n c e  s c o r e s ,  whereas the  o th e r  FOS ta b le s

apply to  f i r s t - o r d e r  d i f f e r e n c e s  between groups.
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Separa te  comparisons of  the  two groups with  r e s p e c t  to  p e r f o r ­

mance on the  32 t a r g e t  a r r a y s  and on the  64 t a r g e t  a r ra y s  (see  Tables 

4 and 5 r e s p e c t i v e l y ) ,  r evea led  the  fo l low ing :

B u t t e r f l y  32 ( t i l t e d  and e r e c t ) .  The mean scores  o f  d ys lex ic  and 

con tro l  groups did not d i f f e r  s i g n i f i c a n t l y  in l a t e n c y ,  search 

t ime,  e x p lo ra t io n  time or in  the  number of  r e f i x a t i o n s  to  the ce n t r a l  

t a r g e t .

Table 4

The Dif fe rences  between th e  Performance of  Dyslexic and 

Control Children on the  B u t t e r f l y  Target  

with  32 in  the  FOS Array ( T i l t e d  and Erect)

Eye Movement t a £ b
Measures Dyslexics  Controls  d f  = 14

M SD M SD

Latency ( s e c . ) .90 .28 .78 .17 -1 .64 .12

Search Time ( s e c . ) 4.21 1.33 4.27 2.21 .10 .92

Explorat ion Time ( s e c . ) 3.31 1.29 3.49 2.18 .32 .75

Number o f  r e f i x a t i o n s .63 .38 .49 .35 -1 .18 .26

apaired  £  t e s t

btw o - ta i l e d  t e s t s

B u t t e r f l y  64 ( t i l t e d  and e r e c t ) .  The d y s le x ic  group had s i g n i f i ­

c a n t ly  longer  l a t e n c i e s ,  i . e . ,  i n i t i a l  f i x a t i o n  time on the c e n t r a l  

s tanda rd ,  than did the  normals ,  t  (14) = - 2 .1 4 ,  £ =  .05. On B u t t e r f l y  

64, no s i g n i f i c a n t  group d i f f e r e n c e s  were found on the  remaining mea­

sures :  search time,  e x p lo r a t io n  t ime,  and number o f  r e f i x a t i o n s .
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Table 5

The D if fe rences  between the  Performance of  Dyslexic and 

Control Children on the  B u t t e r f l y  Target  

with  64 in the  FOS Array (T i l t e d  and Erect)

Eye Movement t 3 jd*3
Measures Dyslexics  Controls  d f  = 14

M SD M SD

Latency ( s e c . ) .87 .38 .67 .16 -2 .14 .05

Search Time ( s e c . ) 4.71 2.17 4.72 3.20 < .01 • .99

Explo ra t ion  Time ( s e c . ) 3.84 2.12 4.04 3.17 .21 .84

Number o f  r e f i x a t i o n s .19 .19 .19 .18 < .01 1.00

a p a i r ed  _t t e s t s

^ tw o - ta i l e d  t e s t s

Array Content  ( B u t t e r f l y  32, B u t t e r f l y  32 T vs . T 32, f  T)*

Analyses of d i f f e r e n c e s  ac ro ss  groups on d i f f e r e n t i a l  p e r f o r ­

mances between the  f a m i l i a r  and the u n fam i l ia r  a r r a y s  showed s i g n i ­

f i c a n t l y  g r e a t e r  search  time and ex p lo ra t io n  time d i f f e r e n c e s  f o r  the  

d y s le x ic  c h i ld r e n  as compared to  the con tro l  group, t  (14) = 2 .58 ,

£  = .02,  and t_ (14) = 2 .40 ,  £ =  .03,  r e s p e c t iv e ly .  The d y s le x ic  boys 

spen t  a longer  t ime sea rch ing  f o r  the ¥ in the  u n fa m i l i a r  a r r a y s  than 

the b u t t e r f l y  in the  f a m i l i a r  a r r a y s ,  while the  con t ro l  c h i ld r e n  spent  

a longer  t ime looking f o r  the  b u t t e r f l y  than the  T. No s i g n i f i c a n t

*A second order dependent _t t e s t  was analyzed to t e s t  the s i g n i f i c a n c e
o f  d i f f e r e n c e s  between d i f f e r e n c e s .
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d i f f e r e n c e s  between groups were found f o r  la tency  d i f f e r e n c e s  or f o r  

number o f  r e f i x a t i o n s .  These r e s u l t s  a r e  p resen ted  in Table 6.

Table 6

The Dif fe rence  between the  D i f f e r e n t i a l  Scores f o r  the

Dyslexic and Control Children  on the  F am il ia r  and Un-

f a m i l i a r  FOS Arrays (32 in Array , T i l t e d and Erect)

Eye Movement t a £ b
Measures Dyslexics Controls df  = 14

• M SD M SD

Latency ( s e c . ) - . 0 7 c .17 .05 .25 1.34 .20

Search Time ( s e c . ) - . 9 8  1.77 .70 2.52 2.58 .02

Explora t ion  Time ( se c . ) - . 9 0  1.75 . 65 2.54 2.40 .03

Number of  r e f i x a t i o n s - .6 7  2.92 - .33 2.66 .45 .66

a paired  _t t e s t s

k tw o- ta i led  t e s t s

CA negat ive  number i n d i c a t e s  t h a t  the  va lue  f o r  the  T was g r e a t e r  

than the  b u t t e r f l y ,  i . e . ,  a l l  ¥ values  were s u b t r ac te d  from b u t t e r f l y  

v a lu es .  Therefore ,  a p o s i t i v e  number i n d i c a t e s  t h a t  the  value was 

g r e a t e r  f o r  the b u t t e r f l y .

Across-group comparisons o f  performance on the f a m i l i a r  and on the  

u n fa m i l i a r  a r rays  showed the  fo l low ing :

Fam il ia r  a r r a y s ' ( B u t t e r f l y  32 and B u t t e r f l y  32 T).  As r epo r ted  in 

Table 4, the re  were no s i g n i f i c a n t  d i f f e r e n c e s  between the groups on 

any o f  the eye movement measures f o r  the f a m i l i a r  a r r a y s .
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Unfam il ia r  a r ray s  (y 32 and y T).  Table 7 i n d i c a t e s  t h a t  the dys­

l e x i c  group had s i g n i f i c a n t l y  longer  l a t e n c i e s  than th e  con t ro l  group 

on the  u n fa m i l i a r  a r r a y s ,  jt (14) = -2 .3 4 ,  £  = .03. The d y s le x ic  c h i l ­

dren a l s o  had longer  search  times (£  (14) = - 3 .2 1 ,  £  = .006) ,  and 

e x p lo r a t io n  times (jt (14) = - 2 .6 4 ,  £ =  .02) than the  c o n t r o l s .  A non­

s i g n i f i c a n t  t rend  was in d ic a te d  f o r  the  d i f f e r e n c e  in  number of  r e ­

f i x a t i o n s ,  t  (14) = -1.99' ,  £ =  .067.

Table 7

The D if fe rences  between the  Performance o f  Dyslexic  and 

Control Children on the y Target  

with  32 in the FOS Array (T i l t ed  and E rec t )

Eye Movement t 3 £ b
Measures Dyslexics  Controls  df = 14

M SD M SD

Latency ( s e c . ) .94 .28 .72 .19 -2 .34 .03

Search Time ( s e c . ) 4.78 1.66 3.43 .83 -3.21 .006

Explora t ion  Time ( s e c . ) 3.85 1.69 2.71 .83 -2 .64 .02

Number of  r e f i x a t i o n s 5.40 3.48 3.73 2.12 -1 .99 .07

a pa i red  t_ t e s t s  

btw o - ta i l e d  t e s t s

Array O r ie n ta t io n  ( B u t t e r f l y  32, B u t t e r f l y  64 ,and f  32 vs .  B u t t e r f l y  

32 T, B u t t e r f l y  64 T, and f  T)*

Across group d i f f e r e n c e s  on the  d i f f e r e n t i a l  performances  between

*A second order dependent t th a t  was analyzed to  t e s t  the s i g n i f i c a n c e
o f  d i f f e r e n c e s  between d i f f e r e n c e s .
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the  t i l t e d  and e r e c t  a r r a y s ,  showed s i g n i f i c a n t l y  longer  search time 

and e x p lo ra t io n  time f o r  the  d y s le x ic  c h i ld re n  as compared to  the 

contro l  group, t_ (14) = 2 .18 ,  £  - .05,  and t  (14) = 2 .20 ,  £  = .04, 

r e s p e c t iv e ly .  The d y s lex ic  c h i ld r e n  took s l i g h t l y  longer  to  exp lore  

and search  the  t i l t e d  a r r a y  than  the  e r e c t  a r r a y s ,  while  the  normal 

group spent  a longer  t ime search ing  th e  e r e c t  a r ray s  than the t i l t e d .  

An example o f  e x p lo ra t io n  p a t t e r n s  o f  th e  t i l t e d  a r ray s  i s  shown f o r  a 

d ys lex ic  and con t ro l  c h i ld  in  Appendix C, Figure W. There were no 

s i g n i f i c a n t  between-group d i f f e r e n c e s  in the  la tency  or number of  r e -  . 

f i x a t i o n s  on t i l t e d  and e r e c t  a r ra y s  ( see  Table 8) .

Table 8

The D if fe rence  between the  D i f f e r e n t i a l  Scores fo r  the  

Dyslexic and Control Children on the  Erec t  and T i l t e d  FOS Arrays 

( B u t t e r f l y  32,  B u t t e r f l y  64, ¥ 32

vs.  B u t t e r f l y 32 T, B u t t e r f l y 64 T, Y T)

Eye Movement t a £ b
Measures Dyslexics Controls df_ = 14

M SD M SD

Latency ( s e c . ) .08C .13 .10 .18 .41 .69

Search Time ( s e c . ) - .01 1.95 1.31 2.14 2.18 .05

Explorat ion Time ( s e c . ) - .09 1.87 1.71 2.15 2.20 .04

Number of  r e f i x a t i o n s .20 .40 .40 .38 1.54 .14

apa i red  jt t e s t s

^ tw o - ta i l e d  t e s t s

c
A nega t ive  number i n d i c a t e s t h a t the val ue fo r the t i l t e d a r ray s

was g r e a t e r  than t h a t  fo r  the  e r e c t ,  i . e . ,  a l l  t i l t  values  were sub-
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t r a c t e d  from the  e r e c t .  There fo re ,  a p o s i t i v e  number in d ic a te s  t h a t  

the  value  was l a r g e r  f o r  the e r e c t  a r ray .

When the  two groups were compared on the  e r e c t  and t i l t e d  a r rays  

s e p a r a t e l y ,  the  fo l lowing was revea led :

Erect  a r ra y s  ( B u t t e r f l y  32, B u t t e r f l y  6 4 ,and 'F 32).  Table 9 shows 

t h a t  l a t e n c i e s  of  the d y s le x ic  group were s i g n i f i c a n t l y  longer  than 

those  of  the con tro l  group, jt (14) = -2 .2 1 ,  £  = .04.  There were no 

d i f f e r e n c e s  between d y s lex ic  and control  c h i ld r e n  in search time,  

ex p lo ra t io n  time,  or  number of  r e f i x a t i o n s .

Table 9

The Dif ferences  between the  Performance of  Dyslexic  and 

Control Children  on the Erect  FOS Arrays 

( B u t t e r f l y  and T Targe ts )

Eye Movement 
Measures

Latency ( s e c . )  . .96 .28 .76 .20 -2.21 .04

Search Time ( s e c . ) 4.69 1.17 5.14 2.47 .75 .47

Explora t ion  Time ( s e c . ) 3.73 1.12 4.37 2.41 1.06 .31

Number o f  r e f i x a t i o n s .63 .38 .61 .26 - .23 .82

a pa ired  t  t e s t s  

^ tw o - ta i l e d  t e s t s

T i l t e d  a r rays  ( B u t t e r f l y  32 T, B u t t e r f l y  64 T and ¥ T). When the

a r ra y  was t i l t e d ,  d y s le x ic  c h i ld re n  showed longer  l a t e n c i e s  and search 

time than the c o n t r o l s ,  t_ (14) = -2 .62 ,  £  = .02,  and _t (14) = -2 .17 ,

t a £
Dyslexics  Contro ls  df  = 14

M SD M SD



53

£ =  .05,  r e s p e c t i v e ly .  They a l so  d isp layed  a g r e a t e r  number of r e ­

f i x a t i o n s  (£  (14) = -2 .7 7 ,  £  = .01 ) .  The d i f f e r e n c e  between control  

and dys lex ic  ch i ld re n  in ex p lo ra t io n s  time approached, but  did not 

reach s ig n f i c i a n c e ,  £  (14) = -1 .8 3 ,  £  = .09 (see Table 10).

Table 10

The Difference between the Performance of  Dyslexic and 

Control Children on the  T i l t e d  FOS Arrays 

( B u t t e r f ly  and T Targe ts )

Eye Movement t a Pb
Measures Dysl exics Controls d f  = 14

M SD M SD

Latency ( s e c . ) .88 .34 .66 .13 -2.62 .02

Search Time ( s e c . ) 4.70 2.11 3.32 1.47 -2.17 .05

Explorat ion Time ( s e c . ) 3.82 2.10 2.66 1.44 -1 .83 .09

Number o f  r e f i x a t i o n s .43 .35 .21 .27 -2 .77 .01

apaired  £  t e s t s

^ tw o - ta i l ed  t e s t s  

Overview

As presented in Table 11, the  only s i g n i f i c a n t  d i f f e r e n c e  between 

the  contro l  and dys lex ic  groups on o v e ra l l  performance on the  f i e l d  of 

search t a s k ,  was in the longer l a t e n c i e s  of  the  dys lex ic  c h i ld r e n ,

£  (14) = -2 .36 ,  £ =  .03. Search time and ex p lo ra t ion  time were not 

s i g n i f i c a n t l y  d i f f e r e n t .  In a d d i t i o n ,  th e re  was no s i g n i f i c a n t  d i f ­

ference  in the percentage of  i n i t i a l  l e f tw ard  saccades. The number of 

r e f i x a t i o n s  to  the t a r g e t  approached a s i g n i f i c a n t  d i f f e r e n c e  between
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groups, jt (14) = -1 .86 ,  £ =  .08.

Table 11

The Dif ferences  between the Performance of  Dyslexic and 

Control Children on All F ie ld  of  Search Arrays

Eye Movement 
Measures Dyslexics 

M SD
Controls  
M SD

t a • 
df  = 14

£ b

Latency ( s e c . ) .91 .30 .72 .14 -2 .36 .03

Search Time ( s e c . ) 4.59 1.32 4.07 1.46 -1 .39 .19

Explorat ion Time ( se c . ) 3.69 1.30 3.34 1.41 - .88 .39

Number of  r e f i x a t i o n s 10.33 5.63 7.80 3.34 -1 .86 .08

Percentage o f  Lef t  
i n i t i a l  gaze 56.9 16.2 51.0 18.0 - .77 .45

apa ired  t  t e s t s

^ tw o - ta i l e d  t e s t s

In g e n e ra l ,  both groups explored approximate ly  .8 seconds longer  

fo r  answers in the  l e f t  f i e l d  versus answers in the  r i g h t  f i e l d  (see 

Table 12),  but these  within  group d i f f e r e n c e s  were not s i g n i f i c a n t .  

There were no d i f f e r e n c e s  between the d ys lex ic  and control  ch i ld ren  

in t h e i r  ex p lo ra t io n  time fo r  answers on the  l e f t  or fo r  answers on 

the r i g h t .
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Table 12

Within and Between-Group D if fe rences  

in Exp lo ra t ion  Time When Answers Are Located 

in the  L e f t  vs .  Right F ie lds  on the  FOS .Arrays

Location of  
Answer in 

Visual F ie ld Dysle

M
x ics

SD
Cont

M
ro ls

SD

Between

t a

Groups

£.b

Right

Left

3 .28

4.09

.74

2.29

2.96

3.72

1.5

1.8

- .7 6

- .6 8

.46

.51

t aWithin — 
Groups K

R

1.52 

.15

1.44

.17

apa i red  t_ t e s t s  

^ tw o - ta i l e d  t e s t s

There was no s i g n i f i c a n t  d i f f e r e n c e  in  l a t e n c y  whether the  su b je c t  

e le c te d  to  move h i s  eyes to  the l e f t  or the  r i g h t  in the  d y s lex ic  and 

contro l  groups ( see  Table 13).
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Table 13

Within and Between Group Differences  

in Rightward and Leftward La tencies  on the FOS Arrays

Latency ( s e c . ) Between Groups
D irec t ion  of U

Eye Movement Dyslexics Controls i a
D

E
M SD M SD

Right .85 .30 .80 .20 -1.61 <.10

Left .91 .37 .76 .15 -1 .56 <.10

t aWithin — -.59 - .7 0
Groups .

JE L >.50 .50

apaired  t  t e s t s  

btw o - ta i l e d  t e s t s

The p a t t e r n  of  s i g n i f i c a n t  d i f f e r e n c e s  in ta sk  performance was 

examined fo r  each group. No monotonic p a t t e r n  of change was observed 

t h a t  would suggest  a r e l a t i o n s h i p  between group d i f f e r e n c e s  in per­

formance and order  o f  task  p r e s e n t a t i o n .  Therefore ,  i t  i s  f e l t  t h a t  

the performance d i f f e re n c es  r ep o r te d  r e p re s e n t  c o n t r a s t s  which a re  not 

due to  order  of stimulus co n d i t io n s .

Summary

Array d e n s i t y . There were no s i g n i f i c a n t  d i f f e r e n c e s  between 

groups with a more crowded a r ray  than a l e s s  dense one in any o f  the

eye movement measures.  However, the  d ys lex ic  ch i ld ren  had s i g n i f i ­

c a n t ly  longer  l a t e n c ie s  than the c o n t r o l s  on the B u t t e r f ly  64 but

not on the B u t t e r f ly  32 a r rays .
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Array c o n te n t . The d y s le x ic  ch i ld re n  had s i g n i f i c a n t l y  longer  

search  times and ex p lo ra t io n  times  than the  c o n t r o l s ,  when the a r ra y  

was u n fa m i l i a r  than when i t  was f a m i l i a r .  The f a m i l i a r  a r ra y  showed 

no across -group  d i f f e r e n c e s ,  while  the  u n fam il ia r  a r ray  in d ica te d  group 

d i f f e r e n c e s  in l a ten cy ,  search  t ime,  ex p lo ra t io n  time and a non­

s i g n i f i c a n t  t rend in the  number of r e f i x a t i o n s .

Array o r i e n t a t i o n . The d y s le x ic  c h i ld re n  had s i g n i f i c a n t l y  longer  

search times  and e x p lo ra t io n  times than the  contro l  group when the  

a r r a y  was t i l t e d  than when i t  was e r e c t .  The only s i g n i f i c a n t  d i f ­

fe ren ce  between the con t ro l  and d y s lex ic  boys fo r  the e r e c t  a r r a y s ,  

was fo r  l a t en cy ,  whereas, t h e r e  were ac ross  group d i f f e r e n c e s  on search 

t ime,  l a t e n c y ,  and number o f  r e f i x a t i o n s  on the  t i l t e d  a r r a y s .

Modified Valcuikas Embedded Figures

The d ys lex ic  ch i ld re n  made s i g n i f i c a n t l y  more e r ro r s  than the 

c o n t r o l s  on the Modified Valcuikas  Embedded F igures ,  but  few d i f ­

fe rence s  in the  eye movement measures were ob ta ined .  For example, as 

shown in Table 14 the  groups did not  d i f f e r  s i g n i f i c a n t l y  in t h e i r  

t o t a l  search  time (time spen t  looking fo r  the embedded f ig u r e )  nor did 

they d i f f e r  in the percen tages  o f  t o t a l  search  time spen t  in each 

answer box and in the  simple f i g u r e  box. As can be seen in Table 15, 

both groups spent a g r e a t e r  pe rcen tage  of t ime scanning the simple 

f ig u r e  box than any of the  answer boxes. Both dys lex ic  and normal 

c h i ld re n  spent  the most t ime exp lo r ing  the upper l e f t  answer box and 

the  l e a s t  t ime in the lower l e f t  box.
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Table 14

D ifference  between Dyslexic and Control Children 

in' Searcn t i n e  and Number of Eye Movement S h i f t s

on the MEFT

Eye Movement 
Measures Dyslexics  

M SD
Controls 
M SD

t a 
df  = 14

£ b

Search time - Total 22.1 4.2 20.7 4.0 -1 .02 .32
( s e c . )

Search time - Right 
( s e c . )

24.9 4.2 23.6 5.5 -  .72 .48

Search time - Lef t  
( s e c . )

19.3 6.2 17.7 4.8 -  .94 .36

Number of  S h i f t s 20.0 4.7 18.4 4.8 - .83 .42

Number of  S h i f t s  to  
Simple Figure 6 .5 1.9 6.3 1.8 - .47 .65

apa i red  jt t e s t s

k tw o - ta i l e d  t e s t s
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Table 15

' D i f fe rence  in  Percentage o f  Total Search Time spent 

in Answer Boxes and Simple Figure 

f o r  Dyslexic and Control Children  on the  MEFT

r „  . Percentage of  Total Search Time
Eye Movement a a b

Measures Dyslexics  Controls  t_ £
M SD M SD —  = 14

Box
Upper Right 18.0 4 .0 17.7 3 .5 -  .20 .84

Upper Le f t 25.0 4 .9 24.4 6.2 -  .33 .75

Lower Le f t 16.4 6.0 16.6 4.1 .11 .91

Lower Right 12.5 4 .5 13.5 3 .0 .71 .49

Simple Figure 28.1 6.4 27.9 4.9 -  .07 .94

ap a i red  t_ t e s t s  

^ tw o - ta i l e d  t e s t s

The re fo re ,  as seen in Table 16, both groups spen t  a s i g n i f i c a n t l y  

l a r g e r  pe rcen tage  of  t o t a l  search time scanning th e  l e f t  f i e l d  than the 

r i g h t  (Dyslex ics :  t  (14) = 3 .67 ,  £ =  .003; Contro ls :  t  (14) = 3.27,

£ =  .006) .  There were no s i g n i f i c a n t  between-group d i f f e r e n c e s  f o r  the 

time spen t  scanning the r i g h t - f i e l d  or  f o r  exp lor ing  the l e f t - f i e l d .
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Table 16

Within and Between Group Comparisons of  Percentages 

of Total Search Time Spent in Left  and .Right Fields  on the MEFT

Percentage of  Total Search Time Between Groups

Visual Dyslexics Controls t a £ b
Fi el d

M SD M SD df = 14

Right Field 30.5 5.9 31.2 5.0 .32 .75

Left Field 41.4 7.2 41.0 7.3 -  .20 .84

t aWithin — 3.67 3.27
Groups .

£ .003 .006

a paired  t  t e s t s  

btw o - ta i l e d  t e s t s

There were no s i g n i f i c a n t  d i f f e r e n c e s  between dyslexic  and contro l  

c h i ld ren  in the  time requ ired  to  f in d  th e  c o r r e c t  answer, when the  

f ig u re  was hidden in a l e f t - f i e l d  or a r i g h t - f i e l d  box (see Table 14).

As shown in  Table 14, the  groups did not d i f f e r  s i g n i f i c a n t l y  in 

the t o t a l  number of s h i f t s  from one box to  another  or in the  number of  

s h i f t s  made to  reexamine the simple f i g u r e .

The m ajo r i ty  o f  the i n i t i a l  saccades in both groups were in the 

hor izonta l  d i r e c t i o n  and most of th ese  were le f tw ard;  the re  were no 

s i g n i f i c a n t  d i f f e r e n c e s  between groups on these  l a t e r a l i t y  measures.

The dys lex ic  c h i ld re n  made s i g n i f i c a n t l y  more rightward i n i t i a l  sac ­

cades than the  c o n t r o l s ,  _t (14) = - 2 .2 8 ,  £  = .04. Although the con­
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t r o l s  i n i t i a l l y  scanned upward more f req u en t ly  than the  dys lex ic  

group, t h i s  d i f f e r e n c e  only approached s ig n i f i c a n c e ,  t  (14) = 1.98,  

= .07. The data  on d i r e c t io n  of  i n i t i a l  saccades is  p resented  in 

Table 17.

Table 17

Direc t ion  of  I n i t i a l  Saccade of  the

Dyslexic and Control Chi ldren on the HEFT

.Direction of k
Saccade Dyslexic Controls t a Pb

M SD M SD

*3-II

Right 1.47 2.03 .20 .41 -2 .28 .04

Lef t 6.93 1.75 6.87 2.67 -  .08 .93

Horizontal 8.40 1.35 7.07 2.66 -1 .98 .07

Up 1.60 1.35 2.93 2.66 1.98 .07

ap a ired  t  t e s t s

btw o - ta i l e d  t e s t s

Summary fo r  Modified Valcuikas Embedded Figures

The dys lex ic  and contro l  groups did not  s i g n i f i c a n t l y  d i f f e r  in 

search t ime,  number o f  s h i f t s ,  the percentage of  the  s h i f t s  to  the 

simple f i g u r e ,  and the percentage of  time spent in each o f  the  f iv e  

boxes. There were with in  group d i f f e re n c es  t h a t  were c o n s i s t e n t  for  

both d ys lex ic  and contro l  groups. For example, both groups spent  more 

time explor ing  the answer boxes on the l e f t  than the  r i g h t  ( e s p e c i a l l y  

the  upper l e f t  box). Both groups spent  about a t h i r d  of  t h e i r  t o t a l  

search time exploring the simple f ig u re  box.
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Both d ys lex ic  c h i ld r e n  and c o n t ro ls  i n i t i a l l y  scanned to the  l e f t .  

The former group showed s i g n i f i c a n t l y  more i n i t i a l  saccades to  the 

r i g h t  than the  l a t t e r ,  whereas the  con t ro ls  showed more upward i n i t i a l  

eye movements than the  d y s lex ic  ch i ld ren  ( n o n - s ig n i f i c a n t  t r e n d ) .

El kind T r iang le

Table 18 shows t h a t  the  d y s lex ic  ch i ld ren  did not  d i f f e r  s i g n i f i ­

can t ly  from normals in  t h e i r  regard of  the El kind T r i a n g le ,  by d i s ­

playing e i t h e r  a " reading"  l e f t  to  r i g h t  sean, or  a c lockwise or  co u n te r ­

clockwise t r i a n g u l a r  scan.  Their  search p a t t e rn s  were not  s i g n i f i ­

can t ly  more random than c o n t r o l s .  An example of  a t r i a n g u l a r  scanning 

p a t te rn  and a "reading" l e f t  to  r i g h t  scan i s  shown in Appendix C , 

Figure V .

Table 18 

Scanning o f  the  El kind Triangle  

by Dyslexic and Control Groups

Scanning
Pa t te rn

Number of  

Dyslexic s0
Number of

c
Controls

za zb

Reading scan 4 6 1.0 .16

Random search 8 5 1.34 .09

Triangle  p a t t e r n 13 11 .82 .21

clockwise 4 4 .00 .50

counterclockwise 9 8 .30 .38

a t e s t  f o r  d i f f e r e n c e s  of  c o r r e l a t e d  proport ions

^ o n e - ta i l e d

cn = 15
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Reading

The fo l lowing measures were analyzed: number o f  r e g re s s io n s  and

f i x a t i o n s ,  reading  t ime,  number of  c o r r e c t i v e  movements, the  dwell 

t ime a t  the  beginning o f  a l i n e ,  and the  number o f  reg ressed  or  jumped 

l i n e s .  Reading eye movement p a t t e r n s  f o r  a d y s lex ic  and a con tro l  

c h i ld  a re  g r a p h ic a l ly  p re sen ted  in Appendix C , Figure X .

Regressions  and F ixa t ions

The d y s le x ic  c h i ld re n  d isp layed  s i g n i f i c a n t l y  more f i x a t i o n s  and 

r e g re s s io n s  than the co n t ro l  group dur ing  r ead in g ,  t_ (12)* = -4 .2 3 ,

£ =  .001; jt (12) = - 3 .4 5 ,  £  = .005, r e s p e c t i v e l y .  This d i s p a r i t y  

between groups,  as p resen ted  in Table 20, was n o t i c e a b le  a t  the  p re ­

primer  reading  leve l  as well  as  a t  the  more d i f f i c u l t  reading l e v e l s .  

Both d y s lex ic  and con t ro l  groups made more f i x a t i o n s  as  the  l i n e  of  

t e x t  became longer  and more d i f f i c u l t ,  y e t  spanned p ro g re s s iv e ly  more 

l e t t e r s  dur ing  one f i x a t i o n .

Other Measures

The reading  time ( in  seconds) was s i g n i f i c a n t l y  slower f o r  the  

d y s lex ic  group than f o r  the  con t ro l  c h i ld re n  on both reading  l e v e l s  

( s u b t e s t  1: t  (14) = -4 .6 3 ,  £  < .001; s u b t e s t  2: t  (14) = -4 .9 0 ,

£  < .001) .  The incremental  d i f f e r e n c e  in the  read ing  time with more 

d i f f i c u l t  m a te r ia l  ( s u b t e s t  2) does not reach  s i g n i f i c a n c e ,  both groups 

showing a slower read ing  time f o r  the  more d i f f i c u l t  passages (;t (14) = 

-1 .4 2 ,  p < .10 ) .  Reading time d i f f e r e n c e s  a re  re p o r te d  in Table 20.

*Two d y s lex ic  c h i ld re n  did  not  complete the  read ing  m ate r ia l  w i th in  
the  a l l o t e d  time and t h e r e f o r e ,  could not be counted in t h i s  a n a l y s i s ,
i . e . ,  d f  = 12.
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Reading: Number c f  F ix a t io n s  and Regress ions

C h a r a c t e r i s t i c s  of  the  Reading
M a t e r i a l

Number o f  F ix a t io ns Number o f  Regressions

Grade
Level

Number
of

l e t t e r s

Number
o f

words
Dysle

M
x ic s

SO
Cont 
M ■

rol s
SD

t a df £ b Dysle>

M

. ic s
SD

Contr

M

’ol s
SD

df l "

SUBTESTI

Line 1 prepr imer 17 5 8 . 0 2.6 5.9 2.9 -2 .52 14 .02 1.5 1.3 .5 1.2 -2 .96 14 .01

Line 2 1 21 4 9.1 3.8 6.1 2.7 -3 .12 14 .008 1 . 8 1.6 1.1 1.5 -1 .85 14 .08

Line 3 . '3 21 6 10.5 3 .2 6.1 1.9 -3 .18 13 . 0 0 2 2.4 1 .6 . 8 .9 -2 .96 13 .01

Line 4 5 23 5 1 0 . 8 4 .8 7.9 3.3 -1 .82 13 .09 2.9 2.6 1.6 1.6 -1 .52 13 .15

SUBTESTII

Line 5 2 35 9 13.9 4.7 9.3 2.7 -3 .32 14 .005 2.7 2.4 1.2 .9 -2 .1 7 • 14 .05

Line 6 4 34 7 12.7 5 .8 8.7 3.0 -3 .07 14 .008 3.2 2.9 1.6 1.3 -2 .3 5 14 .03

Line 7 6 36 6 12.7 4.0 9.4 2.3 -2 .57 13 .02 2.9 2.1 2 . 0 1.5 -1 .27 13 .23

Line 8 8 36 6 13.1 4.3 8.9 2.5 -3 .15 12 .008 2.9 1.3 1.9 1 . 6 - 1 .7 0 12 .11

TOTAL 89.0 19.1 60.6 14,2 -4 .23 12 .001 18.9 8.6 9 .6 5.3 -3 .45 12 .005

a pa ire d  jt t e s t s  

13 t w o - t a i l e d  t e s t s
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The d y s le x ic  ch i ld re n  did no t  r e t u r n  to  a p rev ious ly  read l i n e  

s i g n i f i c a n t l y  more o f ten  than the  con t ro l  group. However, they jumped 

ahead s i g n i f i c a n t l y  more o f ten  than the  con t ro l  ch i ld re n  to  a succeed­

ing l i n e ,  jt (14) = -2 .2 6 ,  £  = .04 ( see  Table 20).

There were no s i g n i f i c a n t  d i f f e r e n c e s  between groups in the  num­

ber of c o r r e c t i v e  movements made a t  the  beginning of  a l i n e  to compen­

s a te  f o r  over -  or  underes t imat ion  of  the lo c a t io n  of the i n i t i a l  word.

The d y s le x ic  group delayed f o r  a s i g n i f i c a n t l y  longer period of  

t ime before  proceeding to  scan .the t e x t  than  the  contro l  group, t  ̂ (12) = 

-4 .0 7 ,  £  = .002 (see  Table 21).

Table 20

Other Reading Eye Movement Measures

Eye Movement 
Measures Dyslexics 

M SD
Contro ls  

M SD
t 9 _df

C or rec t ive
movements 7.47 3.00 7.47 2.20 .0 14 1.00

Regressed
l in e s .73 .88 .73 1.58 .0 14' 1.00

Jumped 1 ines .67 .82 .13 .35 -2 .26 14 .04

Dwell a t  the  
beginning 
o f  a l i n e .89 .24 .56 .16 -4.07 12 .002

Reading time:
s u b te s t  I ( s e c . ) 19.8 9.6 8.9 3.4 -4.63 14 A O O

Reading time:
s u b te s t  I I  ( s e c . ) 27.6 10.2 12.6 3.9 -4 .90 14 A • O o

a
pa i red  t  t e s t s

tw o - ta i l e d  t e s t s
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Summary

The dys lex ic  group had s i g n i f i c a n t l y  more f i x a t i o n s  and r e g re s ­

s io n s ,  and s i g n i f i c a n t l y  slower  reading speed than the  contro l  group. 

They jumped s i g n i f i c a n t l y  more l i n e s  and dwelled longer a t  the  beg in­

ning of the l i n e  than did the  con tro l  c h i l d r e n .  The dys lex ic  c h i l ­

dren did not  show s i g n i f i c a n t l y  more c o r r e c t i v e  movements on the 

r e tu rn  sweep.
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DISCUSSION

The exper imental work he re in  repo r ted  r e p re s e n t s  an a t tempt  to r e ­

solve some of  the c on t rove rsy  rega rd ing  the  v i s u o s p a t i a l  competence of  

d ys lex ic  c h i ld r e n .  Although the  da ta  c l e a r l y  i n d i c a t e  t h a t  dys lexic  

c h i ld re n  perform l e s s  e f f i c i e n t l y  than  normals on a v a r i e t y  o f  v isuo­

s p a t i a l  t a s k s ,  i t  by no means follows t h a t  they s u f f e r  a pervas ive  v isual  

perceptual  d e f i c i t .  There a re  a l t e r n a t i v e  e x p la n a t io n s .  For example, 

s in ce  v isua l  pe rcep t ion  i s  not  a u n i t a ry  phenomenon, i t  i s  conceivable  

t h a t  the  s p e c i f i c  na tu re  o f  a t a s k ,  or  the s p e c i f i c  response  measure 

employed, e i t h e r  o f  which can determine the  mode o f  p e r c e p t iv e -c o g n i t iv e  

process ing  u t i l i z e d  (P a t t e r s o n  & Bradshaw, 1975), i s  r e sp o n s ib le  fo r  the  

observed d e f i c i t s .

The d y s le x ic  group examined in  t h i s  study showed d e f i c i e n t  p e r fo r ­

mance on those  ta sks  t h a t  r e q u i r e  a more a n a l y t i c a l  o r  s e r i a l - t y p e  of  

c o g n i t iv e  p ro cess in g ,  t h u s ,  implying t h a t  l e f t - h em isp h e re  func t ion ing  

may be impaired in d y s le x i c s .  Indeed,  s t r i k i n g  p a r a l l e l s  can be drawn 

between the  performance o f  d y s le x ic s  recorded in th e  p r e se n t  study and 

c e r t a i n  func t iona l  c h a r a c t e r i s t i c s  o f  aphasic a d u l t s .  One explanat ion  

fo r  t h i s  s i m i l a r i t y ,  i s  t h a t  a l l  ch i ld re n  in the  exper imental  group have 

neuropsychological  p r o f i l e s  i n d i c a t i n g  e i t h e r  r e c e p t iv e  o r  express ive  

language d i f f i c u l t i e s .

Furthermore,  the  d y s le x ic  c h i ld re n  in t h i s  s tudy performed s i g n i ­

f i c a n t l y  worse than the  normals on tasks  with high in fo rm at ion  load as 

do younger c h i ld re n  o r  brain-damaged a d u l t s .
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The o b je c t iv e  o f  t h i s  d iscuss ion  i s  to  e lab o ra te  on the  above 

p o in t s ,  and to  eva lua te  how the  data obtained r e l a t e  to the fo llowing 

q u e s t io n s :

1. Is a pervas ive  v isu o sp a t ia l  d e f i c i t  a ssoc ia ted  with dys lex ia?

2. Do d ys lex ic  ch i ld re n  perform l e s s  well than normals in a f i e l d

of search ta sk  when the elements are f a m i l i a r  as compared with when they 

are  unfam il ia r?  (Array c o n t e n t )

3. Do d y s lex ic s  perform le s s  well than normals in a f i e l d  o f

search task  when th e r e  a re  r e l a t i v e l y  few elements in the  a r ray?  or  when

the  array  i s  crowded? (Array d e n s i t y )

4. Do the dys lex ic  ch i ld re n  have more d i f f i c u l t y  than the  control  

group in search ing  fo r  a r o ta te d  s timulus? (Array o r i e n t a t i o n )

5. To what e x t e n t ,  can the d ys lex ic  performance on the above ta sks  

be accounted f o r  by motoric e f f i c i e n c y  or  hab i t?

6. In l i g h t  o f  the above, how can the  eye movement p a t t e r n s  during 

reading of  d ys lex ic  c h i ld re n  be in te rp r e te d ?
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Perceptual D e f i c i t  Hypothesis

As hypothesized ,  the notion t h a t  a general  ub iqu i tous  v isuopercept ivs  

d e f i c i t  i s  a s so c ia t ed  with dys lex ia  is  not supported by the  r e s u l t s  of  

t h i s  i n v e s t i g a t i o n  (Hypothesis 1 ) .  A s e t  of  11 visual  perceptual  t e s t s  

was adm in is te red  to read ing -d isab led  and contro l  ch i ld re n  in the  p i l o t  

s tudy ( see  Appendix A). This was in a d d i t io n  to  the  four  t e s t s  p re sen t ly  

repo r ted  with a d i f f e r e n t  sample o f  ch i ld re n  (a to t a l  o f  12 d i f f e r e n t  t e s s s ) .  

Examination o f  the e r ro r  scores on these  perceptual  t e s t s  showed the per­

formance o f  th e  dys lex ic  ch i ld re n  to  be s i g n i f i c a n t l y  i n f e r i o r  to  normal 

r eaders  only on the embedded f ig u r e s  t a s k s ,  and c o n s i s t e n t l y  so only on t-.e 

more d i f f i c u l t  Modified Valcuikas Embedded Figures (MEFT) (Hypothesis 2).

The f a c t  t h a t  the  Performance IQ of  the  d y s lex ic  c h i ld re n  in t h i s  study 

was s i g n i f i c a n t l y  higher  than the  c o n t r o l s 1 could s ig n i f y  t h a t  dys lex ic  

c h i ld re n  have c e r t a i n  super io r  v i s u o s p a t i a l  a b i l i t i e s  ( c f .  Symmes & Rapopsrt,

1972). At l e a s t ,  the  higher Performance IQ emphasizes the  s ig n i f i c a n c e  of 

low EFT scores  of  the  dys lex ic  c h i ld r e n .

One exp lana t ion  i s  t h a t  the  MEFT i s  a uniquely d i f f e r e n t  visual  

perceptual  t e s t ,  poss ib ly  because i t  i s  a more complex percep tua l  t a s k ,  

or  t h a t  i t  i s  a d e tec t io n  t e s t  r a t h e r  than a d i sc r im in a t io n  t e s t  (which is 

o f ten  used to  eva lua te  dys lexic  v i su o s p a t i a l  a b i l i t i e s ) ,  or  t h a t  i t  

r eq u i re s  a n a l y t i c a l  r a th e r  than h o l i s t i c  process ing .

A d i r e c t  p a r a l l e l  can be drawn between the  v isuopercep t ive  p r o f i l e  

of  d ys lex ic  ch i ld ren  found in the  p re sen t  s tudy and t h a t  o f  a d u l t  aphasics .  

U n i la te ra l  brain-damaged adu l ts  have been evalua ted  on ta sk s  s im i l a r  to 

those used in the p i l o t  and the p re sen t  s tu d i e s .  For example, DeRenzi anc 

Sp inn le r  (1966) and DeRenzi, S c o t t i ,  and Sp inn le r  (1969) repor ted  t h a t  

the  S t r e e t  Completion t e s t  ( S t r e e t ,  1931) and the Ghent Overlapping Figures
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(Ghent, 1956) were performed s i g n i f i c a n t l y  worse by r i g h t  brain-damaged 

than l e f t  brain-damaged p a t i e n t s .  Kimura (1963) a lso  re p o r ted  impaired * 

performance in  r i g h t  brain-damaged p a t i e n t s  compared to l e f t  brain-damaged 

su b jec ts  on a r e co g n i t io n  t a sk  o f  over lapping  nonsense f i g u r e s  t a c h i s t o -  

s c o p ic a l ly  p re se n te d .  However, no d i f f e r e n c e s  were found between r i g h t  

and l e f t  brain-damaged s u b je c t s  on an over lapping f a m i l i a r  f ig u r e s  recog­

n i t i o n  t e s t  s i m i l a r  to  the Ghent t e s t .  I d e n t i f i c a t i o n  o f  Mooney Closure 

f a c e s ,  analogous to th e  S t r e e t ,  has been found to be impaired in r i g h t  

temporal lobectomy p a t i e n t s  ( L a n s d e l l , 1961, c i t e d  by Kimura, 1963).

DeRenzi, Fagl ioni  and S p in n le r  (1968) noted t h a t  r i g h t  brain-damaged 

p a t i e n t s  showed d i f f i c u l t y  on a f a c i a l  recogn i t ion  t e s t ,  where a face  in 

p r o f i l e  had to  be matched to  one o f  ten  faces in f ro n t  view. (Right 

b r a i n / l e f t  v i sua l  f i e l d  s u p e r i o r i t y  fo r  f a c i a l  r eco g n i t io n  was 

a l so  confirmed in normals ( R i z z o l a t t i ,  Umilta & Ber lucch i ,  1971) .)  The 

d isconnected  r i g h t  b ra in  was a l s o  r ep o r ted  to be s u p e r io r  to  the  l e f t  in 

f a c i a l  r e co g n i t io n  (Levy, Trevar then,& Sperry ,  1972).

The r i g h t  hemisphere group performed s i g n i f i c a n t l y  worse than the 

l e f t  hemisphere group on the  G o l l in  incomplete f igu res  t e s t ,  and th e re  

were no s i g n i f i c a n t  performance d i f f e r e n c e s  between the l e f t  brain-damaged 

group and c o n t r o l s  (Warrington & James, 1967).

Costa [Cos ta ,  1976; Costa ,  Vaughan, Horwitz & R i t t e r ,  1969) found 

t h a t  p a t i e n t s  with  r i g h t  c e reb ra l  l e s io n s  performed le ss  well  than l e f t  

brain-damaged p a t i e n t s  on the  Ravens Coloured Progress ive  M atr ices .

Basso, DeRenzi, F a g l io n i ,  S c o t t i , and Spinn le r  (1973), using a t imed 

vers ion  o f  t h i s  t e s t ,  found t h a t  a l though r ig h t  and l e f t  brain-damaged 

p a t i e n t s  made more e r r o r s  than c o n t r o l s ,  l e f t  brain-damaged performed
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s l i g h t l y  but not  s i g n i f i c a n t l y  b e t t e r  than  r i g h t  brain-damaged p a t i e n t s .  

However, w i th in  the  l e f t  brain-damaged group, dysphasic  p a t i e n t s  perform 

worse than the non-dysphas ic  in d iv id u a l s  (Costa e t  a l . ,  1969; Basso e t  a l . ,  

1973).

Of the ta sks  used in t h i s  s tudy ,  the  only one which has revea led  

impaired performance by l e f t  brain-damaged p a t i e n t s  i s  the  G o t t s c h a l t  

Embedded Figures  Test* (Teuber & Weinste in ,  1949; Russo & Vignolo, 1967). 

Within the l e f t  brain-damaged group, the  aphas ics  were found to  make 

s i g n i f i c a n t l y  more e r r o r s  than non-aphasics  (Russo & Vignolo, 1967). 

Therefore ,  both d ys lex ic  ch i ld re n  and a d u l t  aphas ics  have p a r t i c u l a r  d i f f i ­

c u l ty  with the  embedded f ig u re s  t e s t  t h a t  i s  i n c o n s i s t e n t  with t h e i r  

overa l l  v isual pe rcep t iv e  c a p a c i t i e s .

I t  may be helpfu l  in a r r i v i n g  a t  a general understanding o f  develop­

mental dys lex ia  to  examine some o f  the  hypotheses concerning the  d i s t u r ­

bances thought  to underly poor performance on the  embedded f ig u r e s  in 

the a d u l t  aphas ics .

In 1917, Poppe lreu te r  mainta ined t h a t  the  f a i l u r e  to i s o l a t e  a f ig u r e  

from i t s  background r e f l e c t s  a s p e c i f i c  v isuoperceptua l  d e f i c i t  u su a l ly  

a s so c ia t e d  with v isua l  f i e l d  d e fe c t s .  However, both Teuber,  B a t te r sb y ,  

and Bender (1951) and Russo and Vignolo (1967) found t h a t  impairment 

on the  hidden f ig u re s  t e s t s  was independent  o f  the presence o f  v isua l  

f i e l d  d i s tu rb an ces .

Goldste in  (1927) had suggested  t h a t  poor performance on the embedded

*The ta sk  used in the p re se n t  study i s  a d e r i v a t iv e  of  the G o t t s c h a l t ;
I t  r equ i res  the s u b je c t  to  choose in which of  fo u r  boxes the f ig u re  is  
hidden. The G o t t s c h a l t  does not provide a choice .
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f ig u re s  t e s t  (EFT) was a s s o c i a t e d  with an impairment o f  a b s t r a c t  a t t i t u d e  

or  general i n t e l l i g e n c e  o f te n  a s s o c i a t e d  with brain-damage. This im pair ­

ment manifested i t s e l f  in the  i n a b i l i t y  to  s h i f t  from one a sp e c t  o f  a 

s e t  to  ano ther  or  in d i s c r im in a t in g  any u n i t  o f  p e rc e p t io n ,  thought  or  

language from i t s  con tex t  (G o ld s te in ,  1948). However, when general 

i n t e l l i g e n c e  was c o n t r o l l e d  f o r ,  Teuber and Weinstein (1956) noted t h a t  

aphas ics  s t i l l  showed s i g n i f i c a n t  impairment on the  embedded f ig u re s  t e s t .  

They concluded t h a t  aphasia  must be a s s o c i a t e d  with  a d e f i c i t  t h a t  t r a n ­

scends language but i s  not e q u iv a l e n t  to  i n t e l l e c t u a l  d e t e r i o r a t i o n .  

The re fo re ,  they deduced t h a t :

an important  a spec t  of  aphas ia  i s  d e f e c t iv e  o rg a n iz a t io n  o r  
s e l e c t i o n  o f  m ater ia l  ( l i n g u i s t i c  as well as n o n - l i n g u i s t i c )  
a d i s tu rbance  manifes ted  only  p a r t l y  in the  obvious d i f f i c u l ­
t i e s  with  l i n g u i s t i c  r e c e p t io n  o r  exp ress ion ,  (p.  376).

DeRenzi and Faglioni (1965) suggested  t h a t  performance on "non­

verba l"  ta sks  such as the  EFT may be f a c i l i t a t e d  by the  mediat ion of  

c o v e r t  v e r b a l i z a t i o n .  The d i s tu rb a n c e  o f  " inner  language" may impair  

aphas ic  performance.

I t  i s  conceivable  in a t a s k  as complicated as the  EFT t h a t  d i s t u r ­

bance o f  any one of  severa l  composite s k i l l s  may c o n t r ib u t e  to  poor p e r ­

formance. For example, Russo and Vignolo (1967) observed t h a t  although 

aphas ics  performed worse than any o th e r  group, r i g h t  brain-damaged p a t i e n t s  

d id  worse than  non-aphasic  l e f t  brain-damaged. They contended t h a t  poor 

performance could not be exp la ined  only in  terms o f  language impairment 

hu t  a l so  must involve a v i s u o s p a t i a l  d i s o r i e n t a t i o n  f a c t o r .  Both of  these  

f a c t o r s  would then  c o n t r ib u t e  t o  the  d e f e c t iv e  performance of  aphas ics .

In reviewing the  embedded f ig u r e s  l i t e r a t u r e ,  Rudel (1978) suggested
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t h a t  the l e f t  hemisphere serves  some c r i t i c a l  non-language f u n c t io n  s im i­

l a r  to  the  "g" f a c t o r  of  i n t e l l i g e n c e ,  o r  some "execu t ive"  f u n c t io n  t h a t  

guides or  a s s i s t s  the  r i g h t  hemisphere. She a l so  proposed ( l i k e  Russo & 

Vignolo) t h a t  the  l e f t  hemisphere may prov ide  the subvocal language used 

as a v e h ic le  in  the performance o f  "non-language" t a s k s .

A f te r  performing numerous s tu d i e s  t e s t i n g  the v a l i d i t y  o f  the  percep­

tua l  d e f i c i t  hypothes is  o f  d y s le x i a ,  V e l lu t in o  (1977) concluded t h a t  

developmental d y s lex ia  could be i n t e r p r e t e d  more a c c u r a t e ly  a t  the  cogni­

t i v e  l e v e l .  Th e re fo re ,  percep tua l  d e f i c i t s ,  i f  they  occur ,  could be 

expla ined  as secondary m an i fe s ta t io n s  o f  d i f f i c u l t i e s  in  verbal media t ion .  

With two d i f f e r e n t  p o p u la t io n s ,  a d u l t  aphas ic s  and developmental dys­

l e x i c s ,  s i m i l a r  conc lus ions  were drawn about  the  under lying in f lu e n c e  o f  

language fu n c t io n in g  on the  performance o f  "non-verbal"  t a s k s .

T h e re fo re ,  i t  seems t h a t  th e  s e p a ra t i o n  o f  hemispheric fu n c t io n in g  

in to  a c a t e g o r i c a l  v i s u o s p a t i a l / l i n g u i s t i c  dichotomy may not  s u f f i c e  to  

exp la in  poor performance o f  language- impaired  s u b je c t s  on v i s u a l - s p a t i a l  

t a s k s .  Rather ,  i t  may be e a s i e r  to  employ the  h o l i s t i c / a n a l y t i c a l  model 

s im i l a r  to  t h a t  o f te n  c i t e d  by Levy and o th e r s  (Levy-Agresti  & Sper ry ,  196 

Levy, 1969: Bever,  1976).

In communication t h e o r e t i c  terms,  the  EFT c o n s i s t s  o f  a f i g u r e  o r  a 

s igna l  hidden in  a noisy  background. The a n a l y s i s  t h a t  i s  r e q u i r e d  to  

r e t r i e v e  t h i s  s igna l  from the noise may be impaired in some c l i n i c a l  

p opu la t ions .  For example, Diamond, E p s te in ,  and Bender (1969) noted 

t h a t  aphas ics  o f ten  d i sp la y  an i n a b i l i t y  to  a b s t r a c t  the  meaning o f  a 

word when i t  appears  in  a d i f f e r e n t  background, e . g . ,  verbal  puns. They 

suggested t h a t  t h i s  d i f f i c u l t y  in a n a ly s i s  may be analogous,  in  the  sphere

U
)
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of  visual  p e rc e p t io n ,  to  the  f a i l u r e  of  these  same p a t i e n t s  to  perform 

adequately on the  EFT, where th e re  a re  a l so  f igure-ground am b ig u i t i e s .

I t  might be exp la ined  t h a t  in both verbal puns and the EFT, the  s ig n a l -  

to -n o ise  r a t i o  i s  high and t h e r e f o r e ,  the  information load i s  tax ing  to  

the l im i ted  a n a l y t i c  c a p a c i t i e s  of  the  impaired l e f t  hemisphere.

In summary, the  perceptual d e f i c i t  hypothesis  i s  not supported  by 

the p resen t  s tudy.  Dyslexic ch i ld ren  and a d u l t  aphasics  perform s i m i l a r ­

ly on v isuoperceptual  t a sk s .  Although they do not show impairment on most 

t e s t s  of  v isua l  perceptua l  fu n c t io n in g ,  both groups have d i f f i c u l t y  on the  

EFT. The im p l ica t io n s  o f  these  f in d in g s  a re :  (a) t h a t  th e re  may be l e f t

hemisphere involvement in d y s le x ia ,  al though the evidence i s  c i rcum stan­

t i a l ,  (b) l e f t  hemisphere damage can cause impairment o f  performance on 

non-verbal t a s k s .  The i n a b i l i t y  of  both the ad u l t  aphasics  and the  

dys lexic  ch i ld re n  to  s u c c e s s fu l ly  perform a "non-verbal" ta sk  suggests  

t h a t  e i t h e r  the  EFT is  mediated by co v e r t  v e r b a l i z a t io n  or  t h a t  the  l e f t  

hemisphere may no t  be only l i n g u i s t i c  in func t ion .  I t  may be more accu­

r a t e  to descr ibe  l e f t  hemisphere func t ions  in terms of  mediating a n a l y t ­

ica l  f u n c t io n s ,  inc lud ing  language. This a n a ly t i c a l  d e s c r ip t i o n  of  l e f t  

hemisphere fu n c t io n in g  may explain  impaired performance in f igure -g round  

separa t ion  or  in o th e r  ta sks  where the s i g n a l - t o - n o i s e - r a t i o  i s  high.

Test  sampling percep tua l  d isc r im in a t io n  and syn thes is  may not be mediated 

by the  l e f t  hemisphere unless  accu ra te  f e a t u r e  an a ly s is  or  verbal coding 

i s  r equ i red ;  on ta sks  which do not r e q u i re  such a n a ly s i s ,  d y s lex ic  and 

aphasic in d iv id u a ls  w i l l  probably perform adequately.
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The Array Content E f fec t

The hypothesis  t h a t  dys lex ic  ch i ld ren  would have more d i f f i c u l t y  

than c o n t ro l s  in searching fo r  a f a m i l i a r  " v e rb a l iz a b le "  f ig u r e  than an 

unfam il ia r  meaningless one (Hypothesis 2) ,  was no t  supported by t h i s  study. 

This hypothesis  was based on the notion t h a t  under ly ing dys lex ia  i s  a 

d is tu rbance  of  l e f t  hemisphere funct ion ing  and t h a t  l e f t  brain-damaged 

have more d i f f i c u l t y  than r i g h t  brain-damaged on matching f a m i l i a r  f igures  

(DeRenzi, e t  a l . ,  1969) (There i s  some evidence t h a t  r i g h t  brain-damaged 

have more d i f f i c u l t y  than l e f t  with unfam il ia r  f ig u re s  (Kimura, 1963).) 

However, the  s im p l i s t i c  dichotomy spec ify ing  the  d i s t i n c t i o n  o f  l e f t  

b ra in  s u p e r i o r i t y  fo r  f a m i l i a r  f ig u re s  and r i g h t  b ra in  s u p e r i o r i t y  fo r  percep­

t io n  of unfam il ia r  f i g u r e s ,  may not  be v a l id .  . For example, s p l i t - b r a i n  

p a t i e n t s  showed a l e f t - f i e l d  s u p e r i o r i t y  fo r  both percep t ion  o f  unfam il ia r  

and f a m i l i a r  forms. This l e f t - f i e l d  advantage was dependent on whether 

the response was manual ( l e f t - f i e l d  p reference)  or  vocal ( r i g h t - f i e l d  

p re fe rence)  (Levy e t  a l . ,  1972).

The dys lex ic  c h i ld re n  showed more d i f f i c u l t y  than the  c o n t ro l s  in 

f in d in g  the matching 'V in  an unfam il ia r  symbol a r r a y ,  then th e  b u t t e r f l y  

in the f a m i l i a r  arrays..  Since the  discrepancy is  p a r t i c u l a r l y  n o t iceab le  

in the search t im e-exp lo ra t ion  time measure, i t  may be in form at ive  to  examine 

what t h i s  measure r e f l e c t s  and how i t  can be a l t e r e d .

Neisser  (1963) suggested t h a t  eye movements provide  a measure o f  decis ion 

time without  the  contaminat ion o f  manual or vocal r e a c t io n - t im e .  This 

measure of  time required  to  execute  and complete a cog n i t iv e  opera t ion
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is  the  search time.  The complexi ty  o f  a s t imulus  or  an a r r a y  i s  p o s i t i v e ­

ly c o r r e l a t e d  with search time (Locher and Nodine, 1973, 1974). Subjects  

take longer  to  search f o r  u n f a m i l i a r  symbols than f a m i l i a r  ones (Neisser  

& Lazar,  1964). Measures o f  sea rch  time are  p a r t i c u l a r l y  s e n s i t i v e  to 

neu ro log ica l  dysfunct ion  in c h i l d r e n  and a d u l t s  (Teuber,  B a t te r sb y ,  & 

Bender,  1949; Chedru & LeBlanc, 1972; Chedru, LeBlanc, & Lhermit te ,

1973). Thus, search time may be a l t e r e d  by changes in c o g n i t iv e  fu n c t io n ­

ing.

The d y s lex ic  c h i ld re n  in  t h i s  s tudy did not show an o v e ra l l  slowing 

o f  t h e i r  search time on a l l  t h e  f i e l d  o f  search t a s k s ;  r a t h e r ,  they showed 

a p ro longa t ion  o f  search t ime only on s p e c i f i c  a r r a y s .  I t  i s  important  

to  qu es t io n  what i s  unique about  those  p a r t i c u l a r  a r r a y s ,  s p e c i f i c a l l y  

the  u n fam i l i a r  a r r a y s ,  t h a t  makes performance more d i f f i c u l t  f o r  the 

d y s lex ic  c h i ld re n  than the c o n t r o l s .

Four p o s s ib le  e x p la n a t io n s ,  which may be l o g i c a l l y  d i s t i n c t  but may 

n o t  be mutually  exc lu s iv e  in  n a t u r e ,  w i l l  be cons idered:

1. The ¥ a r ra y  i s  more complex than the b u t t e r f l y  a r r a y s .

2. By d e f i n i t i o n ,  the  elements  in  the  ¥ a r ray  a re  l e s s  f a m i l i a r .

3. The symbols in the  ¥ a r r a y  are  not e a s i l y  v e r b a l i z a b l e  or  

l i n g u i s t i c a l l y  coded.

4. For one or  a l l  o f  the  above rea sons ,  s e r i a l  f e a t u r e  an a ly s i s  

r a t h e r  than p a r a l l e l  h o l i s t i c  p ro cess in g  i s  requ ired  f o r  performance.

Complexity

Stimulus complexity has been a f a v o r i t e  to p ic  fo r  p e rc e p tu a l -  

1 earning and information t h e o r i s t s .  In informational  terms,  com­

p l e x i t y  of a shape or  p a t t e r n  i s  cons idered  to  be in v e r se ly  r e l a t e d
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to  the q u a n t i f i a b l e  " u n ce r ta in ty "  of  the  s t im ulus  ( A l lu s i ,  1960). 

Information t h e o r i s t s  o f te n  def ine  the complexi ty  o f  a v isua l  s t imulus  

o p e r a t i o n a l ly  by the  number o f  edges or  p o in ts  in  a randomly generated  

shape (Vanderplas & Garvin ,  1959; Attneave,  1954), or  by the  number of  

c e l l s  in a f ix e d  s t im u lus  divided in to  a checkerboard (metr ic  f ig u r e )  

(Hershenson, Kessen & Munzinger, 1967). "Figura l  goodness," as def ined 

by the  r e g u l a r i t y ,  symmetry, and c o n t in u i ty  o f  the  s t im u lu s ,  was cons id ­

ered to be the  d e f i n i t i o n  o f  s im p l i c i t y  f o r  the  G e s t a l t i s t s  (Law of  

Praegnanz) (Koffka,  1935); complexity would involve  the  o p p o s i te  charac­

t e r i s t i c s .

I t  does no t  seem by most of  the above c r i t e r i a  t h a t  the  f  and i t s  

a r r a y  would be cons ide red  "complex". However, t h i s  a r ray  does provide 

g r e a t e r  " s t im ulus  u n c e r t a in ty "  than the b u t t e r f l y  a r rays  and i t  i s  the 

r e l a t i v e  complexity  o f  th e  a r rays  which should be cons idered .

S tud ies  have examined the  t a c h i s to s c o p ic  r eco g n i t io n  o f  complex 

shapes in normal a d u l t s  with i n c o n s i s t e n t  r e s u l t s . '  Fontenot (1973) 

r ep o r ted  t h a t  the  r e c o g n i t io n  o f  complex f ig u r e s  (Vanderplas ,  12 p o in t s )  

was s u p e r io r  in  the  l e f t  v isual  f i e l d ,  whereas t h e r e  were no v isua l  

f i e l d  d i f f e r e n c e s  in  rec o g n i t io n  o f  low complexity f ig u re s  (6 p o i n t s ) .

A l a t e r  s tudy by Krynicki (1975) in d ic a te d  t h a t  a lthough 6,  8 and 12 

p o in t  Vanderplas f ig u r e s  evoke no s i g n i f i c a n t  d i f f e r e n c e  in  v isua l  f i e l d  

r e c o g n i t io n ,  16 p o in t  shapes were recognized more ac c u ra te ly  in the  r i g h t  

v isua l  f i e l d .  Krynicki had equated the  f ig u r e s  f o r  the  ease o f  v e rb a l ly  

l a b e l l i n g  them.

Bis iach and Fagl ioni  (1974), eva lu a t in g  brain-damaged p a t i e n t s ,  

r ep o r ted  r e s u l t s  c o n s i s t e n t  with K ry n ic k i ' s .  Le f t  brain-damaged s u b jec ts
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were more impaired than r i g h t  brain-damaged in the  r ec o g n i t io n  o f  ran ­

dom shapes (4,  6, 16, and 24 p o in t s )  from a s im ul taneous ly  p resented  

m u l t ip le -c h o ic e  d i s p l a y .  The d i f f e r e n c e  between groups was even more 

pronounced fo r  the  more complex shapes (16 and 24 p o i n t s ) .  Hence, 

r ec o g n i t io n  or  matching of  complex shapes may r e q u i r e  l e f t  hemisphere 

i n t e g r i t y .  D i f f i c u l t y  in t h i s  a b i l i t y  may be r e f l e c t e d  in prolonged 

search t imes. The T a r r a y  may be s u f f i c i e n t l y  complex to  w arran t  l e f t  

hemisphere media t ion ,  and as  a c o r o l l a r y ,  t h a t  dys func t ion  in l e f t  

hemisphere process ing  may r e s u l t  in inadequate  performance.

F a m i l i a r i t y

F a m i l i a r i t y  i s  a term used to  d e sc r ib e  the  amount of  exper ience 

the  p e rce iv e r  has had with the  s t im u lu s .  The degree of  f a m i l i a r i t y  

i s  r e l a t i v e  to  the  observer  and no t  the  s t imulus  (Haber & Hershenson,

1973). For example, l e t t e r s  a r e  more f a m i l i a r  to reading  ch i ld re n  

than to t h e i r  non-reading pee rs .

The speed of v isua l  p rocess ing  v a r i e s  d i r e c t l y  with f a m i l i a r i t y  

(Wickens, 1974). This  r e l a t i o n s h i p  may be determined,  a t  l e a s t  in p a r t ,  

by the a v a i l a b i l i t y  of  verbal  l a b e l s  o r  t h a t  r e a d i l y  codable s t im u l i  may 

be processed in p a r a l l e l  (Gould & D i l l ,  1969), whereas u n fa m i l i a r  

s t im ul i  may be processed  s e r i a l l y .  In o rder  to  b e t t e r  a s se s s  the  s i g ­

n i f i c a n c e  of the  f a m i l i a r i t y  of  a s t im u lu s ,  i t  would be o f  value to 

examine the c o n t r ib u t io n s  o f  verbal  c o d a b i l i t y  and s e r i a l / p a r a l l e l  

a n a ly s i s .

Verbal Coding

Glanzer and Clark (_T964) suggested t h a t  the  accuracy with which a 

s u b je c t  can recognize  shapes,  can be p red ic ted  from the  leng th  of  v e r ­

b a l i z a t i o n  which the  s u b je c t  uses  to  label  those  shapes. The.ir v e rb a l -
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loop hypothesis  s t a t e s  t h a t  the  d i f f e r e n c e  in  the  r e c o g n i z a b i l i t y  

between s t im u l i  may be determined by th e  co v e r t  v e r b a l i z a t i o n  in  the  

encoding p rocess .  I f  a long v e r b a l i z a t i o n  i s  necessary  than a prolonged 

period of t ime may be requ i red  ( la te n c y  may r e f l e c t  t h i s  encoding t im e) .  

Clark (1965) examined the  c o r r e l a t i o n  between form a s s o c i a t i o n ,  verbal 

c o d a b i l i ty  (as measured in  a pos texaminat ion  q u es t io n n a i re )  and f ig u r e  

complexity (Vanderplas f i g u r e s ,  4 ,  6,  16, and 24 p o in t s ) .  Verbal coding 

was p o s i t i v e l y  r e l a t e d  to  the  r e c o g n i t io n  accuracy fo r  complex f ig u re s  

only. He suggested  t h a t  complex forms were remembered by making a s so ­

c ia t io n s  to them with verbal  coding,  bu t  t h a t  a simple f ig u r e  was s to red  

as an uncoded image o f  the  e n t i r e  shape.  However, th e re  i s  some evidence 

t h a t  v e r b a l i z a t i o n  in c reases  s h o r t - t e rm  r e c a l l  and reco g n i t io n  o f  even 

simple f a m i l i a r  f ig u r e s  (Kurtz & Hoviand, 1953).

Common v e rb a l i z a b l e  forms and complex forms a re  sa id  to  be recognized 

more a c cu ra te ly  in  the  r i g h t  v isua l  f i e l d  of  normal ch i ld re n  and a d u l t s  

(Turner & M i l l e r ,  1975). On a p a i r e d - a s s o c i a t e  lea rn in g  t e s t ,  aphas ics  

were found to  have d i f f i c u l t y  in r e c o g n i t io n  o f  both meaningful and 

meaningless f ig u r e s  (B o i le r  & DeRenzi, 1967). B o i le r  and DeRenzi (1967) 

concluded t h a t  wherever p o s s i b l e ,  p a t i e n t s  t r y  to  transform meaningless 

f ig u re s  in to  meaningful ones. Aphasics may f a i l  to  learn  meaningless  

f ig u re s  because a p p ro p r ia te  names may not  be a v a i l a b l e  to them and t h e r e ­

fo re ,  they a re  unable to  perform the  r e q u i s i t e  t r a n s fo rm a t io n s .  I f  they 

are  success fu l  in  ca r ry ing  ou t  a t r a n s fo rm a t io n ,  the  information may not  

be in a form t h a t  can e a s i l y  be r e t r i e v e d .  Bis iach  and Fagl ioni  (1974) 

suggested t h a t  a s s ign ing  meaningless shapes  "verbal"  l a b e l s  a t  the p r e ­

verbal level may " s t r e s s  the more in fo rm at ive  f e a tu re s  o f  the shape which 

would r e s u l t  in a l e s s e r  memory load" (p. 107). I t  seems t h a t  complex 

f ig u res  can not  be s to red  e f f e c t i v e l y  with  v isua l  imagery a lo n e ,  but  must 

be coupled with  some cover t  "verba l"  coding.
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C l in to n -E v e res t  (1976) hypothesized t h a t  the v i su o p e rcep t iv e  d i f f i ­

c u l ty  t h a t  some d y s le x ic s  show, a r i s e s :

not from an i n a b i l i t y  to e x t r a c t  and s to r e  v isua l  f e a t u r e s ,  
but from a l i n g u i s t i c  d e fe c t  t h a t  p rec ludes  s u i t a b l e  verbal  
codes being s e l e c t e d  to  supplement in form at ion  t h a t  i s  held 
v i s u a l ly -  (p. 491) .

I t  i s  contended t h a t  a l i n g u i s t i c  d e f e c t  may a l t e r  the  a b i l i t y  to  

e x t r a c t  and s t o r e  in fo rm at ion ;  t h a t  language provides  a tool  to  perform 

s k i l l s  t h a t  a re  not o v e r t l y  verbal  in na tu re  (L u r ia ,  1973). According 

to  Luria (summarizing Pavlov):

speech,  the  b as ic  means o f  communication, becomes a l so  a 
means o f  deeper  a n a ly s i s  and sy n th e s i s  o f  r e a l i t y  and,  more 
fundamentally  im p o r tan t ,  ' a  h igher  r e g u l a t o r  of  b eh av io r1 (p. 25).

I t  seems f e a s i b l e  t h a t  the v r equ i red  both v isua l  and verbal coding 

f o r  sh o r t - t e rm  s to r a g e .  Due to  th e  l im i t e d  l i n g u i s t i c  a b i l i t i e s  o f  t h i s  

d y s lex ic  p o p u la t io n ,  the  verbal coding p o s tu la t e d  to  be a necessary  sup­

plement to  the  v isua l  coding,  may have been (a)  t o t a l l y  un su ccess fu l ,

(b) success fu l  but  not s p e c i f i c  enough to  be adequate  o r  e f f i c i e n t ,  or

(c) success fu l  but  r e q u i r in g  a longer  per iod  o f  t ime t o  accomplish. Any 

d i f f i c u l t y  in th e  encoding o f  th e  s t imulus  may c o n t r ib u t e  to  a prolonged 

la tency .

The p r in c ip a l  reason f o r  e x t r a c t in g  l a te n c y  from the  search  time 

(e x p lo ra t io n  time) was to  determine whether a f t e r  the  i n i t i a l  prolonged 

la ten cy  p e r io d ,  did i t  s t i l l  take  longer  f o r  the  s u b je c t  to  f in d  the 

matching t a r g e t .  The obse rva t ion  th a t  d y s le x ic  c h i ld re n  explored longer  

f o r  the  'V than the  b u t t e r f l y ,  suggests  t h a t  perhaps the  d ys lex ic  c h i l ­

dren had d i f f i c u l t y  in matching th e  s tanda rd .  This d i f f i c u l t y  may have
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occurred because the  i n i t i a l  coding of  the  s tandard  was not  p rec ise  or 

exc lus ive  enough to  be completely adequate ,  and th e r e f o r e ,  may have 

r e s u l t e d  in a longer  ex p lo ra t ion  time composed of  more re fe rences  back 

to  the  ce n t ra l  T than they needed f o r  the b u t t e r f l y  (and more than 

norm a ls ) .

For example, suppose a normal ch i ld  a f t e r  viewing the ¥ thought 

he was requ ired  to  loca te  a "p i tch fo rk " .  This would c e r t a i n l y  be a 

much more s p e c i f i c  and su cc in c t  code ( i f  a verbal  code i s  necessary)  

than the code o f  a ch i ld  with l im i ted  vocabulary  and verbal  s k i l l s ,  who 

might search f o r  a " l i n e  with two arms coming o u t . "  The l a t t e r  code 

may match to  symbols o the r  than the T, e . g . ,  a c r o s s .  I t  might be 

informative  to as se s s  what s t im ul i  d y s le x ic  c h i ld r e n  s tud ied  before 

r e f i x a t i n g  to  the s tandard .  This may have provided some in s ig h t  in to  

what v isua l  or  verbal  code they used and what common d i s t i n c t i v e  f e a ­

tu re s  they searched fo r .

Feature  Analys is

Visual f e a tu r e  models descr ibe  percep t ion  as an a n a ly t i c a l  pro­

cess .  Famil iar  ob jec ts  w i l l  have d i s t i n c t i v e  f e a t u r e s  t h a t  a re  e a s i l y  

d isc r im ina ted  (Gibson, 1969) and th u s ,  with ou ts tand ing  physical f e a ­

t u r e s ,  the o b je c t  w i l l  be loca ted  r a p id ly  (Broadbent,  1971). However, 

more complicated or  un fam il ia r  t a r g e t s  may n e c e s s i t a t e  sequen t ia l  or 

s e r i a l  process ing fo r  reco g n i t io n ,  e . g . ,  l e t t e r  r eco g n i t io n  fo r  the  in ­

experienced r ead e r .  With perceptual  l e a r n in g ,  the  a b i l i t y  to  d isce rn  

d i s t i n c t i v e  f e a tu r e s  improves (Gibson e t  a l . ,  1962),  Features  a re  s e r i ­

a l l y  analyzed and compiled u n t i l  adequate in formation  i s  a v a i l a b le  fo r  

proper  i d e n t i f i c a t i o n  (Hebb, 1949). In a f i e l d  of  search ta sk ,  the
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s u b je c t  must sample a t a r g e t  u n t i l  a f e a t u r e  i s  found t h a t  does no t  

match the  s tan d a rd  and then ,  the  search  i s  continued to  ano the r  t a r g e t ,  

u n t i l  he f i n d s  one where a l l  f e a t u r e s  a re  i d e n t i c a l .  Obviously ,  the  

g r e a t e r  the  s i m i l a r i t y  of the  elements in the  a r r a y ,  and the  l e s s  

exper ience th e  s u b je c t  has with the a r r a y  symbols,  the  g r e a t e r  the 

exhaus t iveness  o f  the  f e a t u r e  process ing  (N e isse r ,  1967), and hence, 

the longer  the  search  t ime.  Gould and Schaf fe r  (1967) re p o r te d  t h a t  

when s u b je c t s  were r e q u i re d  to determine the  number of  p a t t e r n s  t h a t  

were s i m i l a r  to  a c e n t r a l  s ta n d a rd ,  t h e i r  oculographic  p a t t e r n s  i n d i ­

cated t h a t  the  s u b je c t  compared the f e a t u r e s  of  the p a t t e r n s  a n a l y t i c ­

a l l y  r a t h e r  than  under tak ing  a more h o l i s t i c  process ing  s t r a t e g y .

P r o f i c i e n t  r e a d e rs  scan a reading d i sp la y  in a s i m i l a r  manner.

They s e l e c t i v e l y  a t t e n d  to  the  in fo rm at ive  f e a tu re s  and ignore  those  

which a re  i r r e l e v a n t  o r  redundant (Nodine & Lang, 1971). Kagan (1965) 

noted t h a t  v i s u a l l y  r e f l e c t i v e  and a n a l y t i c a l  c h i l d r e n ,  as  measured by 

t h e i r  performance on c e r t a i n  v isua l  p e rc ep t iv e  ta sks  (Matching Fam i l ia r  

F ig u re s ) ,  made fewer read ing  e r r o r s .

Mackworth, G ra n d s ta f f ,  and Pribram (1973) observed t h a t  speech- 

impaired c h i ld r e n  (most e i t h e r  deaf  or  s l i g h t l y  r e ta rd ed )  do no t  a t t e n d  

to novel in fo rm a t iv e  s t i m u l i .  This sugges ts  t h a t  a language- impairment 

may be c o r r e l a t e d  with the  a b i l i t y  to a t t e n d  s e l e c t i v e l y  to in fo rm at ive  

f e a t u r e s .  I t  i s  p o s s ib l e  t h a t  some d y s lex ic  ch i ld re n  may incomplete ly  

sample a d i s p l a y  f o r  the  necessary  in fo rm at ive  f e a t u r e s ,  because they 

cannot i s o l a t e  th e se  f e a t u r e s .  This l i m i t s  t h e i r  a b i l i t y  to  recognize  

t h a t  f ig u r e s  a r e  i d e n t i c a l ,  and r e q u i re s  r e p e t i t i v e  examinat ions to  

decide t h e i r  equ iva lence .  A normal c h i l d ,  knowing the  in fo rm at ive  

a t t r i b u t e s ,  may s e l e c t i v e l y  search f o r  them.
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In sum, i t  i s  p o s s ib le  t h a t  each of  the  models d iscussed  in t h i s  

s e c t i o n ,  merely r e l a t e  to  d i f f e r e n t  a sp e c t s  o f  the  same c o g n i t iv e  dysfunc­

t i o n :  v i z ,  t h e  V i s  a complex, u n f a m i l i a r  symbol as were a l l  elements

in t h a t  a r r a y .  The d ys lex ic  c h i ld re n  may have d i f f i c u l t y  encoding the  

s tanda rd  s t im ulus  in a way t h a t  could be u s e f u l .  When search ing  fo r  the  

match o f  an u n fa m i l i a r  f ig u r e  they  may be o p e r a t in g  with inade­

qua te  codes bases  on f e a tu r e s  which a re  n e i t h e r  c l e a r  nor  s p e c i f i c .  This 

may r e s u l t  in t h e i r  r e e v a lu a t io n  o f  t h e i r  i n i t i a l  concept ion o f  the 

s tan d a rd  more o f te n  than the  c o n t r o l s ,  which a l s o  c o n t r ib u t e s  to  t h e i r  

lo n g e r  p o s t - l a t e n c y  search  time ( e x p lo ra t i o n  t im e ) .
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The Array Density  E f f e c t

I t  was p o s tu la t e d  t h a t  p e r ip h e ra l  in formation  overload would r e s u l t  

in a "cen te r ing"  phenomenon (Hypothesis  3 ) .  Analysis  of  the a r ra y  d e n s i ty  

data  by a " d i f f e r e n c e  o f  d i f f e r e n c e s "  £  t e s t  f a i l e d  to show s i g n i f i c a n t  grcjp 

d i f f e r e n c e s  over the  range o f  d e n s i t i e s  used in t h i s  study.

I t  i s  a l s o  c l e a r  t h a t  the  in formation  load i s  not only dependent on 

the  number o f  elements in the  a r r a y  but  a l so  on the type of  element.  On 

t e s t i n g  f o r  group d i f f e r e n c e s ,  the  only a r r a y - ty p e  t h a t  does not produce 

a s i g n i f i c a n t l y  longer  l a t e n c y  f o r  d ys lex ic  ch i ld re n  than f o r  co n t ro l s  

i s  the  B u t t e r f l y  32. Because t h i s  a r ray  i s  composed of  f a m i l i a r  o b je c t s  

with r e l a t i v e l y  few elements  i t  would be expected t h a t  i t  would genera te  

the  l e a s t  in formational  load  o f  any o f  the  f i e l d  o f  search t a sk s .  F u r th e r ­

more, s ince  only two d i f f e r e n t  a r r a y  d e n s i t i e s  were employed, i t  i s  l i k e l y  

t h a t  n e i t h e r  the  upper nor  the  lower l i m i t s  o f  d en s i ty  e f f e c t s  were exam­

ined .  Therefo re ,  i t  i s  im portan t  to  note in t h i s  l im i ted  sampling o f  

a r r a y  d e n s i t i e s ,  whether  the  more dense a r r a y  r e s u l t s  in a g r e a t e r  d i f f e r ­

ence between groups. Th is ,  in f a c t ,  was the  case .  The dys lex ic  c h i ld re n  

had lonqer  l a t e n c i e s  than  the  normal c o n t r o l s  on the crowded f i e l d  of  

search  of  64 elements but not in the  r e l a t i v e l y  l e s s  dense a r ray  o f  3? 

elements .

In o rde r  to i n t e r p r e t  the  l a ten cy  d i f f e r e n c e s  between groups on the 

crowded a r ray  as well as the  o th e r  a r r a y s ,  i t  i s  e s s e n t i a l  to  cons ide r  

the  components o f  the  l a te n cy  measure and the  f a c t o r s  t h a t  cause i t  to  vary.
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The l a t e n t  per iod  o f  a f i x a t i o n  s h i f t  can be subdivided in to  fou r  

major component s tag e s  ( M i l l e r ,  1969; Wickens, 1974) which a r e ,  in sequence:

1. p rep e rce p tu a l  o r  sensory s to r a g e ,  in which a l l  s timulus  information 

i s  b r i e f l y  saved

2. percep tua l  p r o c e s s in g ,  in which the  sensory information  i s  encoded

3. o p e ra t io n  o f  a d ec i s io n  mechanism f o r  s e l e c t i o n  o f  the next  a rea  

o f  f i x a t i o n

4. response  execu t ion  involv ing  the p a t te rn e d  a c t i v a t i o n  o f  the  appro­

p r i a t e  o c u la r  muscles ,  and t h e i r  response

Although the  ph y s io lo g ica l  response time o f  the  oculomotor system may 

be r e l a t i v e l y  cons tan t ' ,  th e  f i r s t  t h r e e  components can be in f luenced  s i g n i ­

f i c a n t l y  by s ev e ra l  f a c t o r s  r e l a t i n g  to  s t imulus  and s u b je c t  v a r i a b l e s .

Most prev ious  s tu d i e s  which have r epo r ted  la tency  measures,  employed 

an exper imental paradigm r e q u i r in g  the  s u b je c t  to i n i t i a l l y  f i x a t e  a cen t ra l  

l i g h t ,  and then  to  f i x a t e  on ano ther  l i g h t  when i t  i s  n o t ic ed .  Using t h i s  

d es ig n ,  the  re p o r ted  l a t e n c i e s  a re  in the  o rd e r  o f  200 msec, f o r  a d u l t  sub­

j e c t s .  However, a l t e r i n g  the  physica l c h a r a c t e r i s t i c s  o f  the s t imulus  can 

in f lu en ce  the  a b s o lu te  l a te n c y  time. For example, a l a r g e r  s t imulus  t a r g e t  

induces a more r a p id  r e a c t i o n  (Miles,  1936); th e re  i s  an inc rease  in la tency  

to  a d i s t a l l y  p laced  t a r g e t  (Miles,  1936; M i l l e r ,  1969); and la tency  time 

i s  e q u iv a le n t  f o r  s t im u l i  in the r i g h t  o r  l e f t  f i e l d s  ( M i l l e r ,  1969; Bar tz ,  

1962; Lesevre,  1968) al though t h i s  ascerti .on i,s ques t ioned  (Dosseter  & 

Papaicannou, 1975: Gabersek. 1963).

Subjec t  v a r i a b l e s  can a l so  in f luence  la te n c y .  A warning per iod  in 

the range of  30Q to 600 msec, has been r epo r ted  to  reduce la tency  in ad u l t s



and c h i ld re n  (Cohen & Ross, 1977; Saslow, 1967). Also, i t  i s  o f ten  

no t iced  t h a t  with p r a c t i c e ,  a s u b j e c t ' s  la ten cy  becomes l e s s  v a r i a b l e  and 

s h o r t e r  (Miles ,  1936; Hackman, 1940; Bar tz ,  1962). Chi ld ren  u su a l ly  have 

longer ,  more v a r i a b l e  l a t e n c i e s  than  a d u l t s  (Gabersek, 1963; M i l l e r ,  1969) 

This has been thought  by some to  r e f l e c t  the  immaturity o f  the  oculomotor 

system (P ia g e t  & Vinh Bang, 1961) and by o the rs  as evidence f o r  d i f f e r e n c e  

from a d u l t s  in  c en t r a l  p rocess ing  capac i ty  (Wickens, 1974). As reviewed 

in the i n t r o d u c t i o n ,  th e re  i s  some evidence t h a t  d y s le x ic  c h i ld r e n  have 

longer l a t e n c i e s  than  normal read ing  c h i ld re n .

M il l e r  (1969) noted t h a t  the  l a t e n c i e s  o f  c h i ld re n  (8 y e a r  o ld s )  

unl ike  a d u l t s ,  s i g n i f i c a n t l y  inc reased  with t a r g e t  e c c e n t r i c i t y  (6° and 

13°) .  He suggested  t h a t  an i n c r ea se  in the  " re a c t io n - t im e "  to  a d i s t a l  

s timulus  was i n d i c a t i v e  o f  a more r e s t r i c t e d  f i e l d  o f  view in c h i ld re n  

and t h e r e f o r e ,  l e s s  e f f i c i e n t  r e c o g n i t io n  o f  pe r ip h e ra l  m a t e r i a l .

Mackworth and Bruner (1970) a l so  r ep o r ted  t h a t  c h i ld re n  (6 y e a r  o lds )  

tended to  co n ce n t ra te  t h e i r  eye movements, when i n s t r u c t e d  to  i n sp e c t  

b lu r r ed  o r  complex a r r a y s .  They concluded t h a t  c h i ld re n  were not  ab le  

to use e f f i c i e n t l y  the  c e n t e r  and per iphera l  in formation  s im u l taneous ly .  

Mackworth and Bruner (1970) deduced t h a t  young ch i ld re n  s u f f e r  from an 

information  over load t h a t  r e s u l t e d  in tunnel v i s io n .  P ia g e t  (1950) had 

a l so  found ( in  exper iments o f  percep tua l  conserva t ion)  t h a t  the  young 

c h i ld  c en te r s  on the  p e r c e p tu a l ly  dominant p a r t  o f  the v i su a l  f i e l d  

and f a i l s  to  take  account  o f  the  o th e r  p a r t s .  This c e n t e r in g  was con­

f irmed by eye'movement record ings  (O'Bryan & Boersma, 1971). Tyler  (1969) 

r epo r ted  a narrowing o f  the  range o f  regard by p a t i e n t s  w ith  severe  

r e ce p t iv e  ap h as ia .  The ce n te r in g  phenomenon was a l so  r e p o r t e d  in p a t i e n t s  

with  d i f f u s e  ce reb ra l  dys func t ion  and those  with u n i l a t e r a l  hemispher ic
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d is o r d e r s  (Bender & Diamond, 1965; Diamond & E p s te in ,  1974).

The prolonged l a t e n c i e s  o f  the  d ys lex ic  c h i ld re n  in the  p re sen t  study 

may be i n d i c a t i v e  o f  a r e s t r i c t e d  f i e l d  o f  v i su a l  regard  and poss ib ly  an 

i n e f f i c i e n t  r eco g n i t io n  o f  p e r ip h e ra l  m a t e r i a l .  I t  i s  p o s s ib le  t h a t  

longer  dwell in the c e n t e r  may be the  r e s u l t  o f  a sensory r e s t r i c t e d  

v isua l  f i e l d .  However, s in ce  no v isua l  f i e l d  d e f i c i t  was observed on 

gross  v isua l  f i e l d  c o n f r o n t a t i o n ?  i t  would seem more l i k e l y  t h a t  a pro­

lon g a t io n  of  the la tency  i s  the  r e s u l t  o f  a fu n c t io n a l  information  over­

load .

As mentioned above, l a ten cy  inc ludes  the  time f o r  encoding the 

in fo rm at ion  in the f ix a t e d  a re a .  The s ta n d a rd ,  p r e se n t  in the c e n t e r ,  

had to  be perceived f i r s t  and encoded in  some form t h a t  could be u t i l i z e d  

in the  se a rc h .  Since the  d y s lex ic  c h i ld re n  had comparable l a t e n c i e s  to  

th e  normal readers  on the B u t t e r f l y  32, the encoding t ime f o r  the  b u t t e r ­

f l y  in t h e  a r ray  o f  64 probably d id  not  c o n t r ib u t e  to  the prolonged 

l a t e n c i e s  in  t h i s  a r ray  (but  may have c o n t r ib u te d  to  o th e r  la tency  d i f ­

f e r e n c e s ) .

The l a t e n c i e s  fo r  both groups in  t h i s  s tudy were longer  than repor ted  

f o r  c h i ld r e n  in the  l i t e r a t u r e .  For example, on a simple t a sk  involving 

f i x a t i o n  to  a l i g h t  of known p o s i t i o n  a t  e i t h e r  6 o r  13 degrees ( in  the  

p r e se n t  s tu d y ,  the  t a r g e t  was always loca ted  11 degrees  from the  c e n te r  

on an o b l iq u e ) ,  M il le r  (1969) rep o r te d  t h a t  e i g h t  y e a r  olds had a mean 

la ten cy  o f  411 msec, with longer  l a t e n c i e s  to  the  f u r t h e r  t a r g e t .  Dosseter  

and Papaioannou (1975) a l so  found t h a t  6 to  15 y e a r  old c h i ld re n  had

*Perimetry fo r  c o lo r ,  form or  CFF may be more s e n s i t i v e  to  a s u b t le  
v isua l  f i e l d  d e f i c i t  (Teuber,  B a t te r sb y ,  & Bender,  1960).



l a t e n c i e s  of approximate ly  400 msec, to  a l i g h t  a t  a v isua l  angle  of  40 

degrees.  However, Lesevre (1968) (6 to  15 y e a r  o ld s )  and Cohen and Ross 

(1977) (M age = 8 .7  y e a r s )  r ep o r ted  l a t e n c i e s  o f  270 msec, to  a t a r g e t  

l i g h t  a t  v a r i a b le  i n t e r v a l s  and unknown s p a t i a l  l o c a t i o n s .  As can be 

seen from the above s t u d i e s ,  eye movement l a t e n c y  i s  a very v a r i a b le  

measure e s p e c i a l l y  in c h i ld r e n  ( M i l l e r ,  1969). However, i t  i s  u n l ik e ly  

t h a t  a d i f f e r e n c e  of  400 msec, ( in  the  p re se n t  s tu d y ,  M_ = 870 msec, f o r  

normals) can be exp la ined  by v a r i a b i l i t y  a lone .  I t  i s  more l i k e l y  t h a t  

a l i g h t  would not r e q u i r e  the  same coding and process ing  time as a symbol 

o r  an o b je c t .  The performance o f  the  ta sk s  reviewed a re  a l so  not con­

t i n g e n t  on the  proper  p rocess ing  o f  the  l i g h t  as i s  requ i red  in the  p re ­

s e n t  f i e l d  o f  search  t a s k s .  Furthermore,  i t  i s  p o s s ib l e  t h a t  la ten cy  

time was e f f e c t e d  by th e  g r e a t e r  amount o f  p e r ip h e ra l  information  in  t h i s  

study than in  the  o th e r s  c i t e d  above. For example, Gould and Di l l  (1969), 

using a f i e l d  o f  search  t a s k  which r equ i red  the  s u b je c t  to  determine how 

many o f  e ig h t  p a t t e r n s  matched the  c e n t r a l  s t a n d a rd ,  found l a t e n c i e s  as 

high as 560 msec, f o r  normal a d u l t s .  Bartz (1962) noted t h a t  r e a c t io n  

time was s i g n i f i c a n t l y  longer  when a t a r g e t  could p o ss ib ly  appear  in 11 

p o s i t io n s  than when th e r e  were fo u r  p o s i t i o n s .  Thus, the  number of 

p a t t e rn s  in the  a r r a y ,  the  number o f  choices  where the  t a r g e t  could be 

lo c a te d ,  as well as the  r eq u i red  encoding o f  the  c e n t r a l  t a r g e t ,  a l l  

co n t r ib u ted  to  the  longer  l a t e n c i e s  observed in t h i s  s tudy .

In conc lus ion ,  the  s i g n i f i c a n t l y  longer  l a t e n c i e s  found in the 

dys lex ic  group compared to  c o n t ro l s  on the B u t t e r f l y  64 a r r a y  as well as 

most o f  the o t h e r  a r ray s  can be desc r ibed  as a type o f  cen te r in g  phenom­

enon a s so c ia t ed  with in formation  over load .  I t  seems t h a t  the  per iphery  

may be f u n c t io n a l ly  r e s t r i c t e d  and t h a t  t h i s  r e s t r i c t i o n  may m anifes t
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i t s e l f  in  a l e s s  e f f i c i e n t  r e c o g n i t io n  o f  m a te r ia l  s i t u a t e d  in the  

pe r iphera l  f i e l d s  on some o f  the  f i e l d  o f  search t a sk s .
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The Array O r ien ta t io n  E f fec t s

In accordance with Hypothesis 4,  dys lex ic  ch i ld ren  took longer  than 

c o n t ro l s  to  l o c a t e  a r o t a t e d  f i g u r e  t h a t  to  lo ca te  an e r e c t  one in a f i e l d

of  search t a s k  (see Figure  W). When the d y s lex ic  c h i ld re n  were compared with 

c o n t ro l s  on t h e i r  performance on the  t i l t e d  a r r a y s ,  t h e r e  were s i g n i f i c a n t  

d i f f e r e n c e s  in  l a t e n c y ,  s earch  time and in number o f  r e f i x a t i o n ,  whereas 

the  dys lex ic  c h i ld re n  only  showed s i g n i f i c a n t l y  longer  l a t e n c i e s  when 

compared with normal r e a d e r s ,  on th e  e r e c t  a r r a y s .

The p ro longa t ion  o f  l a te n c y  d isp layed  by the  d y s lex ic  c h i ld re n  can 

be expla ined  by an over load  o f  s p a t i a l  in formation or by the  a d d i t io n a l  

t ime needed to  encode and s t o r e  c e n t r a l  information ( v . s . ) .  Again, the  

longer  search times can be accounted f o r  by the inc reased  time needed by 

the  dys lex ic  c h i ld re n  to  make th e  proper  f e a t u r e  comparisons f o r  matching.  

Althouqh the  d y s lex ic  c h i ld r e n  r e f e r r e d  back to  the  ce n t r a l  s tan d a rd  more 

than normal c h i ld re n  in  th e  ¥ a r r a y s ,  the  d i f f e r e n c e  between groups i s  

s i g n i f i c a n t  only in t h e  t i l t e d  a r r a y s .  An ev a lu a t io n  o f  the  meaning o f  

the  r e f i x a t i o n  measure may help to  c l a r i f y  the d i f f i c u l t y  which the 

d ys lex ic  ch i ld re n  d i sp la y  on the  t i l t e d  a r r a y s .

Ref ixa t ion  on a c e n t r a l  s tanda rd  occurs e i t h e r  i f  i n i t i a l l y  the 

s u b je c t  did not  a t t e n d  s u f f i c i e n t l y  well to the  ce n t r a l  s tanda rd  to  p ro ­

p e r ly  encode i t s  d i s t i n c t i v e  f e a t u r e s  or  i f  subsequent ly  he f o rg o t  the 

i d e n t i t y  o f  the  s tanda rd  (Gould, 1973). Ref ixa t ions  can a l so  occur when 

the  su b je c t  needs to  o b ta in  more information (Gould & Peeples ,  1970), 

poss ib ly  to  help e l im in a te  those  t a r g e t s  which a re  d i f f e r e n t  from the  

s tandard  (Drake, 1970). Gould (1973) found t h a t  th e r e  was a corresponding 

in c rease  in the number o f  r e f i x a t i o n s  with an increment in the  a r ray
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in form at ion .  Gould a l s o  noted t h a t  the re  was an in c re a se  in r e f i x a t i o n s  

i f  the s u b je c t  had d i f f i c u l t y  f ind ing  the matching t a r g e t .  Gould and 

Peeples (1970) r ep o r ted  t h a t  r e f i x a t i o n s  were more f requen t  when the  

s tandard  was a meaningless  f i g u r e  than when i t  was an o b je c t .  This f i n d ­

ing was confirmed in the  p re sen t  study fo r  both d y s le x ic  and contro l  

c h i ld re n .  For both groups,  th e r e  was a g r e a t e r  number o f  r e f i x a t i o n s  f o r  

the meaningless f i g u r e s  ( y ) than f o r  the o b je c t s  ( X : c o n t r o l s ,

M = 3.7 r e f i x a t i o n s  and d y s le x i c s ,  M= 5 .4 ;  b u t t e r f l y : c o n t r o l s ,  M = .5

r e f i x a t i o n s  and d y s l e x i c s ,  M = . 6 ) .  Nodine and S t e u r l e  (1973) suggested  

t h a t  the  i n c re a se  in th e  number o f  v e r i f i c a t i o n s  was due to  a:

lack  o f  a plan f o r  e x t r a c t i n g  f e a tu r e  in fo rm a t io n ,  e . g . ,  
t e s t i n g  f o r  the  p resence /absence  o f  comparable f e a t u r e s . . .  
o r  i n a b i l i t y  to  u t i l i z e  and remember f e a t u r e  information 
once o b t a i n e d . . .  ( p . 164).

As in d ic a te d  by th e  i n c r ea se  in the number o f  r e f i x a t i o n s ,  the  dys­

l e x i c  c h i ld re n  had more d i f f i c u l t y  in the  e v a lu a t io n  o f  "st imulus  equ iva­

lence" when one f ig u r e  was e r e c t  ( the  s tandard )  and the  o th e r  was r o ta t e d  

( the  t a r g e t ) .  Yet,  i t  i s  c h a r a c t e r i s t i c  o f  the  mature and i n t a c t  sensoriurr. 

t h a t  small p e r tu rb a t io n s  in time o r  space should not d i s tu r b  the  reco g n i ­

t i o n  o f  "u n iv e r s a l s "  un less  o therwise  programmed ( P i t t s  & McCulloch, 1947).

However, i t  i s  wel l-documented t h a t  young c h i l d r e n ,  dys lex ic  c h i l d ­

ren and n e u ro lo g ic a l ly  impaired ad u l t s  do have d i f f i c u l t y  in eva lu a t in g  

th e  equ iva lence  of  s t i m u l i .  For example, young c h i ld re n  have p a r t i c u l a r  

d i f f i c u l t y  in  d i s c r im in a t in g  among the r o ta t e d  t ra ns fo rm a t ions  o f  l e t t e r s  

(Gibson, 1969),  i . e . ,  they o f te n  confuse in reading and w r i t in g  b,  d,  p,  

and q ,  which are  a l l  e q u iv a le n t  G es ta l ten  (Birch,  1962). Gibson, Gibson, 

Pick,and Osser (1962) expla ined  t h a t  t rans fo rm at ions  which a re  not c r i t i c a l
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fo r  o b j e c t  i d e n t i f i c a t i o n ,  such as r o t a t i o n  and r e v e r s a l s ,  a re  learned  

l a t e r  as d i s t i n c t i v e  f e a t u r e s .  When the  c h i ld  f i r s t  l e a rn s  to  read and 

w r i t e ,  the remnants o f  having learned the equ iva lence  o f  r o t a t e d  forms, 

r e g a rd le s s  o f  r o t a t i o n ,  i n t e r f e r e s .  With p r a c t i c e  he w i l l  l e a rn  t o  r e s ­

pond to  r e l a t i o n a l  cues and d i s t i n c t i v e  f e a t u r e s  and w i l l  s u c c e s s fu l ly  

d i f f e r e n t i a t e  between r o ta te d  l e t t e r s  and words. Krise (1949) observed 

t h a t  even c o l le g e  s tu d en ts  make r e v e r s a l s  with u n f a m i l i a r  symbols and 

noted t h a t  only w i th in  th e  semantic con tex t  o f  a word o r  sen tence  w i l l  the 

s tu d e n t  qu ick ly  l e a rn  what a p a r t i c u l a r  grapheme r e p r e s e n t s .

Nodine and Simmons (1974), using eye movement r e c o rd in g s ,  observed 

t h a t  young c h i ld re n  appeared to  be moving t h e i r  eyes so as to  p h y s ic a l ly  

superimpose one symbol over  the  o th e r  to  compare f e a t u r e s .  For example, 

l e t t e r s  con ta in ing  ob l ique  l in e s  as d i s t i n c t i v e  f e a t u r e s  a re  d i f f i c u l t  

f o r  k indergar ten  ch i ld re n  to lea rn  (Rudel & Teuber,  1963; Nodine &

Simmons, 1974). Nodine and Simmons (1974) noted t h a t  e r r o r s  o f  t h i s  type 

were due to  incomplete sampling of  a l e t t e r  d i s p l a y ,  r e s u l t i n g  from the  

c h i l d ' s  i n a b i l i t y  to  d e t e c t  and reso lve  d i s t i n c t i v e  f e a t u r e  in fo rm at ion ,  

and a t  the same t ime,  ignoring t h a t  in form at ion  which i s  redundant or 

i r r e l e v a n t .  However, as the ch i ld  gains f a m i l i a r i t y  with a graphic  symbol, 

he l ea rn s  to  encode i t  with a s e t  o f  d i f f e r e n t i a t i n g  f e a tu re s  s to r e d  in 

memory by name, l a b e l ,  o r  o th e r  form o f  f e a t u r e  code. Having done t h i s  

p ro p e r ly ,  " the  e x t r a c t i o n  and process ing  o p e ra t io n s  take  d i r e c t i o n ,  and 

information p rocess ing  becomes more e f f i c i e n t "  (p. 28).

Ghent and Berns te in  (1961), s tudying 40 preschool c h i ld re n  on a 

match-to-sample t a s k ,  noted t h a t  the  c h i ld re n  were ab le  to  match forms 

t h a t  were i d e n t i c a l  in shape and d i f f e r e n t  in o r i e n t a t i o n .  Although t h i s
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r e s u l t  was unexpected,  Ghent exp la ined  t h a t  the  c h i ld r e n  had been t r a in e d  

to develop a s e t  to expect  the  a r ra y  to  be e i t h e r  e r e c t  o r  r o t a t e d .

Royer (1971) proposed t h a t  the indexing o f  o r i e n t a t i o n a l  in formation  is  

e s p e c i a l l y  d i f f i c u l t  even fo r  a d u l t s  i f  a p a t t e r n  appears  in several  

d i f f e r e n t  o r i e n t a t i o n s .  Rotat ing a f i g u r e ,  whether  i t  i s  f a m i l i a r  (Egeth 

& Blecher ,  1966) or  n o n - re p re se n ta t io n a l  (Chou, 1929; A rn o u l t ,  1954), 

a f f e c t s  i t s  d i s c r i m i n a b i l i t y  adverse ly .

The re fo re ,  two c o n t r ib u t in g  f a c t o r s  may have a f f e c t e d  the  performance 

o f  th e  d y s le x ic  c h i ld re n .  F i r s t ,  the  d y s lex ic  c h i ld r e n  p r i o r  to  the  p re ­

s e n t a t i o n s  o f  the  t i l t e d  a r r a y s ,  learned  to  recogn ize  a b u t t e r f l y  o r  a 

y in a p a r t i c u l a r  c o n te x t ,  an e r e c t  a r r a y ,  and t h u s ,  had lea rned  a spe­

c i f i c  d e f i n i t i o n  o f  equiva lence .  Subsequently ,  when th e  a r r a y  i s  a l t e r e d  

by symbol r o t a t i o n ,  the performance o f  the  d y s le x ic  c h i ld r e n  d e t e r i o r a t e s .  

Second, perhaps the  form in which the  d y s lex ic  c h i ld r e n  had o r i g i n a l l y  

encoded th e  s tan d a rd ,  or  the  manner in  which they  e x t r a c t e d  and processed 

the  in formation  was not g e n e r a l i z a b le  to the  t i l t e d  a r r a y .  The dys lex ic  

c h i ld r e n  may have d i f f i c u l t y  in using an a n a l y t i c a l  p rocess ing  mode and 

i n s t e a d ,  may h o l i s t i c a l l y  t r y  to superimpose one form over  th e  o the r  to 

compare f e a t u r e s  (as noted in young c h i ld r e n ,  v . s . ) .  However, o r i e n t a ­

t i o n a l  in form at ion  i s  probably more d i f f i c u l t  to  index and l e s s  a c c u ra te ­

ly  s to r e d  and /o r  r e t r i e v e d  without  the  help o f  f e a t u r e  an a lyze rs  or  l e x i ­

cal markers .

I t  i s  conceivable  t h a t  the  d i f f i c u l t y  some d y s le x ic  c h i ld r e n  show in 

d i f f e r e n t i a t i n g  among t ransformed l e t t e r s  i s  r e l a t e d  to  the  d i f f i c u l t y  

d i sp lay ed  in  t h i s  s tudy ,  in matching a r o t a t e d  to  an e r e c t  form. They 

may have d i f f i c u l t y  in l ea rn in g  the  unique f e a t u r e s  o f  l e t t e r s  and because
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they do not have the  semantic co n tex t  to a t t a c h  meaning to  th e  confusing 

graphemes, l e a r n in g  becomes even more d i f f i c u l t .

N e v e r th e le s s ,  the p o s s i b i l i t y  t h a t  d y s lex ic  c h i ld r e n  have p a r t i c u l a r  

d i f f i c u l t y  p ro cess in g  o r i e n t a t i o n a l  in form at ion  can not  be excluded.  

Lovegrove, B i l l i n g ,  and Slaghuis  (1978) r e c e n t ly  examined the  process ing  

of  v isual  o r i e n t a t i o n a l  information in r e a d in g -d i s ab le d  c h i l d r e n  and 

normal r e a d e r s .  Four d i f f e r e n t  experiments  were p re sen ted  to  analyze 

v isua l  in fo rm at ion  s to ra g e  d u ra t io n  and contour  o r i e n t a t i o n  p ro cess in g .  

Pa i rs  o f  l i n e s  o f  th e  same o r i e n t a t i o n  and o f  d i f f e r e n t  o r i e n t a t i o n s  were 

t a c h i s t o s c o p i c a l l y  p resen ted  a t  varying in t e r s t im u lu s  i n t e r v a l s .  A group 

d i f f e r e n c e  in  v isua l  in formation  s to r a g e  d u ra t ion  was i n d i c a t e d  by the 

longer  i n t e r s t i m u l u s  i n t e r v a l  r equ i red  by the  read ing - im pa i red  c h i ld re n  

to  d e t e c t  th e  appearance o f  two s e p a ra te  l i n e s  f o r  ob l ique  t a r g e t  s t i m u l i .  

Forward con tour  o r i e n t a t i o n  masking was used to  compare the  t h r e sh o ld  fo r  

d e te c t io n  o f  a v e r t i c a l  t a r g e t  l i n e  fo l lowing  exposure to  a t i l t e d  l i n e .  

The s i g n i f i c a n t l y  h ig h e r  masking r a t i o s  shown by the read ing  d i sab le d  

group then c o n t r o l s  confirmed the  v isua l  information s to r a g e  d i f f e r e n c e .  

Using a t i l t  a f t e r e f f e c t ,  a d i f f e r e n c e  in contour  p rocess ing  was suggested 

a lso  a t  the  v i su a l  c o r t i c a l  l e v e l .  They concluded t h a t  d i s a b le d  readers  

process con tour  in fo rm at ion  more slowly than c o n t ro l s  and have a more l i ­

mited ca p a c i ty  than normal r e a d e r s .  This s tudy i s  c o n s i s t e n t  with  e a r l i e r  

work done by S tan ley  and Hall (1973), who a l so  found t h a t  d y s le x i c  c h i l d ­

ren were s i g n i f i c a n t l y  slower  in p rocess ing  v isua l  in form at ion  ( sep a ra t io n  

th re sho lds  were employed) e s p e c i a l l y  with v i s u a l l y  confusab le  l e t t e r s .

The s tudy by Lovegrove e t  a l , (1978) implies  t h a t  d y s le x ic  c h i ld re n  

may have a s p e c i f i c  d i f f i c u l t y  in process ing  o r i e n t a t i o n a l  in fo rm at ion .
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At l e a s t  in lower mammals, i t  i s  well-known and accep ted  t h a t  th e re  are 

c e r t a i n  columns o f  c e l l s  in the  v isua l  co r tex  t h a t  respond to  l in e s  of 

a p a r t i c u l a r  o r i e n t a t i o n  (Hubei & Wiesel ,  1965). I t  i s  p o s s ib le  t h a t  

d ys lex ic  c h i ld re n  have d i f f i c u l t y  not  only  in the  coding and s to r in g  of 

v isua l  in fo rm at ion ,  but  a l so  in p rocess ing  o r i e n t a t i o n a l  in form at ion ,  

im p l ic a t in g  a s p e c i f i c  neural s u b s t r a t e .  At the  p r e se n t  t ime,  these 

c o n s id e ra t io n s  a re  e s s e n t i a l l y  c o n je c tu r e d ,  but they  do m er i t  f u r t h e r  

i n v e s t i g a t i o n .

The da ta  o f fe re d  in the  p re sen t  s tudy suggests  t h a t  d y s lex ic  c h i l d ­

ren may have d i f f i c u l t y  in  p rocess ing  v isua l  in form at ion  p a r t i c u l a r l y  of 

the  type  which req u i re s  f e a tu r e  a n a ly s i s  r a t h e r  than  gen e ra t in g  a h o l i s ­

t i c  "photograph" .  However, the  p o s s i b i l i t y  o f  a s p e c i f i c  d i f f i c u l t y  in 

p rocess ing  o r i e n t a t i o n a l  information  can not be excluded.

In c onc lus ion ,  i t  may be th e  case  as I .P .  Pavlov (1927) once observed 

( in  the  c o n tex t  o f  s t imulus  g e n e r a l i z a t i o n )  t h a t  the development and 

s t a b i l i t y  o f  s t imulus  equivalence may be markedly d i s tu r b e d  in neuro log i-  

c a l ly - im p a i r e d  organisms. Adult a p h as ic s ,  according to  S c h u e l l , J enk ins ,  

and Car ro l l  (1962), show d i f f i c u l t y  in  recogniz ing  s t im u lus  equivalence.  

Lacking a l e x i c a l  marker and f i n e  a n a l y t i c  a b i l i t y ,  the  aphas ics  s im i la r ly  

to  the  d y s le x ic  c h i ld re n  may f a i l  to  i d e n t i f y  and u t i l i z e  ap p ro p r ia te  

d i s t i n c t i v e ,  f e a t u r e s  o f  a s t im u lus .
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Oculomotor Con t r ibu t ions  to  Dyslexic 

Performance

The q u es t io n  has been posed as to the r o l e  t h a t  oculomotor ab­

n o rm a l i t i e s  assume in read ing  d i s o r d e r s .  I t  was hypothesized t h a t  dys­

le x ic  c h i ld re n  do not  have a primary motoric  d e f i c i t  (Hypothesis  5),  

and in consequence, the  a b e r r a n t  eye movement p a t t e r n s  seen,  fo r  ex­

ample in r e ad in g ,  a r e  no t  causal f a c t o r s  in d y s le x ia .  In o rde r  to  help 

c l a r i f y  t h i s  i s s u e ,  eye movements dur ing the  performance o f  non-reading 

tasks  were examined. However, read ing  c h i ld re n  may a c q u i re  c e r t a i n  

motor h a b i t s  t h a t  a r e  p r a c t i c e d  even during non-reading t a s k s .  There­

fo re ,  the  d y s le x ic  c h i ld re n  may show eye movement p a t t e r n s  d i f f e r e n t  

from c o n t ro l s  because motor h a b i t s  have never been e s t a b l i s h e d .

Because of  the  complexity o f  t h i s  problem, we can only hope to  ou t ­

l i n e  an approach to  the  i s s u e  of  the  primacy o f  oculomotor a b e r r a t i o n s  

in reading d i s o r d e r s .  In t h i s  endeavor the fo l lowing two ques t ions  

wil l  be addressed :  F i r s t ,  do the d y s lex ic  c h i ld re n  show an " i r r e s i s t -

able  urge" (Zangwill & Blakemore, 1972) to  move t h e i r  eyes to  the l e f t  

when not r ead ing ,  as determined by (a) the  p ropor t ion  o f  r i g h t  to  l e f t  

movements, (b) the  d i f f e r e n c e s  in  r ightward versus  l e f tw a rd  l a t e n c i e s ,  

and (c) t h e i r  r e l a t i v e  a b i l i t y  to  f in d  t a r g e t s  on e i t h e r  s id e  of  space? 

Second, a r e  they e f f i c i e n t  in t h e i r  approach to  a v isua l  perceptual  

problem as i n f e r r e d  from t h e i r  eye movements, o r  do th e  d ys lex ic  chi 1 “ 

dren d i sp lay  the  same i n e f f i c i e n c y  as when they read?

L a t e r a l i t y  o f  Gaze

Neither  the  d y s le x ic  nor the  con tro l  c h i ld r e n  had a tendency f o r
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fo r  t h e i r  i n i t i a l  ho r izon ta l  saccade t o  be toward the  l e f t  (51% c o n t ro l s  

vs.  56% d y s l e x i c s ) .  Many s tu d i e s  have confirmed t h a t  normal a d u l t s  w i l l  

begin ex p lo ra t io n  in the upper l e f t  f i e l d  (Brandt ,  1945; Crovi tz  & Daves, 

1962; ChSdru & LeBlanc, 1972; and Chedru, LeBlanc, & Lhe rm i t te ,  1973). 

Although i t  i s  p oss ib le  t h a t  t h i s  l e f t - s i d e d  tendency i s  l inked  to  motor 

h a b i t s ,  o th e r s  have proposed t h a t  i t  i s  independent  o f  read ing ,  and in ­

s tead  may correspond to some a s p e c t  o f  ce reb ra l  dominance, e . g . ,  the 

p ropens i ty  o f  r igh t-handed  human a d u l t s  to  organize  a s e r i e s  of  items 

from l e f t  to r i g h t  (Chedru e t  a l . ,  1973; Bra ine ,  1968),  or  t h a t  only 

r i g h t  o c u la r  dominant s u b je c t s  f i r s t  looked to  the upper l e f t .  Though, 

the  d ys lex ic  ch i ld ren  and 13 ou t  o f  the  15 normals in t h i s  study were 

r i g h t  o cu la r  dominant, they did no t  have a g r e a t e r  tendency to  move t h e i r  

eyes to  the  l e f t ,  r e g a rd le s s  o f  th e  presence o f  d y s lex ia .  Furthermore,  

dys lex ic  c h i ld re n  do not  have a g r e a t e r  p ropens i ty  to  move t h e i r  eyes 

le f tw ard  than normals as Orton (1925, 1937) and Zangwill and Blakemore 

(1972) had proposed.

The dys lex ic  c h i ld r e n ,  in g e n e r a l ,  showed longer  l a t e n c i e s  than 

the c o n t ro ls  in the f i e l d  o f  s earch  t a s k s .  N ever the less ,  th e re  was no 

d i r e c t io n a l  e f f e c t  w ith in  e i t h e r  group,  i . e . ,  the  l a t e n c y  f o r  i n i t i a l  

le f tw ard  movements was equal to  th e  l a t e n c y  toward the  r i g h t .  Other 

s tu d ie s  of  l a ten cy  with regard  to  the  d i r e c t i o n  o f  gaze provide incon­

s i s t e n t  r e s u l t s .  These d i f f e r e n c e s  in r e s u l t s  a re  probably dependent,  

to some e x t e n t ,  on the  requirements  o f  the  t a s k .  Lesevre (1968),  exam­

in ing  oculomotor reac t io n  time to  a l i g h t  a t  i r r e g u l a r  i n t e r v a l s  in a 

p red ic ted  l o c a t io n ,  found t h a t  d y s le x ic s  showed no d i f f e r e n c e  in d i r e c ­

t io n a l  l a t e n c y ,  whereas normal c h i ld re n  were f a s t e r  in the  r ightward
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d i r e c t io n .  Dosseter  and Papaioannou (1975),  co n t ra ry  to Lesevre,  found 

t h a t  f o r  movement to a dot a t  a d i s t a n c e  o f  40°,  d ys lex ic  c h i ld re n  had 

f a s t e r  r ightward movements while normals were f a s t e r  in t h e i r  le f tw ard  

movements. I t  seems t h a t  i f  motor h a b i t s  played a r o le  in t h i s  ocu lo ­

motor asymmetry t h a t ,  a t  l e a s t  fo r  the  normal r e a d e r ,  r ightward l a t e n ­

c ie s  would be s h o r t e r .  Rayner (1978) and P irozzo lo  (1978) confirmed 

t h a t  s k i l l e d  readers  did d i sp lay  f a s t e r  r igh tward  l a t e n c i e s  f o r  para-  

fovea l ly  p resen ted  words. P i rozzolo  (T978) a l s o  found t h a t  the a u d i to ry -  

l i n g u i s t i c  d y s le x ic s  followed the same p a t t e r n  as normal c h i l d r e n ,  but  

t h a t  the  v i s u o s p a t i a l  d ys lex ics  show s h o r t e r  le f tw ard  l a t e n c i e s .

In a l l  o f  the  above s t u d i e s , the  s u b je c t  did not choose which d i r e c ­

t io n  to move his  eyes ;  t h i s  was dependent on in which f i e l d  the  s timulus  

appeared. In the  p re sen t  s tudy ,  the s u b je c t  could e l e c t  to begin e x p lo r ­

a t io n  in e i t h e r  f i e l d ,  s ince  th e re  were no sugges t ions  made to  i n s e r t  a 

response b i a s ,  and s ince  both f i e l d s  were s t im u la ted  s im ul taneous ly .  I t  

should be emphasized t h a t  the d ys lex ics  showed the same p a t t e r n  as the 

normals.  Because most of  the  d ys lex ic  c h i ld r e n  had l i n g u i s t i c  r a t h e r  

than v i su o s p a t i a l  d i f f i c u l t i e s ,  t h i s  comparable performance would have 

been p red ic ted  by P i ro z z o lo ' s  f in d in g s .

Although both groups tended to  f ind  a t a r g e t  f a s t e r  in the  r i g h t  

f i e l d  than the  l e f t ,  the  d i f f e r e n c e  between-groups and wi th in-groups  was 

not s i g n i f i c a n t .  Chedru e t  a l . (1973) a l so  found in normal a d u l t s  no 

d i f f e r e n c e  in search  time between l e f t  and r i g h t  f i e l d  cho ices ,  but did 

f ind  t h a t  both l e f t  and r i g h t  brain-damaged p a t i e n t s  spent  a longer  time 

searching  f o r  o b je c t s  in the  f i e l d  c o n t r a l a t e r a l  to  the  s ide  o f  t h e i r
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l e s io n .

One a d d i t io n a l  p iece  o f  evidence t h a t  dys lex ic  c h i ld re n  do not  show

a g r e a t e r  tendency to  move t h e i r  eyes le f tw ard  than c o n t r o l s  i s  t h a t

al though both normal and d y s lex ic  c h i l d r e n  tended to  make more i n i t i a l  

l e f tw ard  movements on the  Modified Valcuikas  Embedded F ig u re s ,  the  dys­

l e x i c  c h i ld r e n  made s i g n i f i c a n t l y  more r ightward movements than normals.  

The exp lana t ion  fo r  t h i s  r e s u l t  i s  no t  immediately apparen t .

In summary, th e r e  i s  no evidence to  suggest t h a t  d y s le x ic  ch i ld re n

have a g r e a t e r  tendency than c o n t r o l s  to  move t h e i r  eyes le f tw ard  while

performing a non-reading t a sk  such as the f i e l d  o f  search .

Motoric E f f i c i en cy

Modified Valcuikas  Embedded Figures  (MEFT). The d y s le x ic  c h i ld re n  

employed search  s t r a t e g i e s  s i m i l a r  t o  c o n t ro l s  while  performing the MEFT, 

y e t  made s i g n i f i c a n t l y  more e r r o r s .  For example, both groups searched 

f o r  a s i m i l a r  leng th  o f  t ime,  spending a g r e a t e r  p roport ion  o f  t h e i r  time 

exp lo r ing  the  l e f t - f i e l d  c h o ic e s ,  and th e reb y ,  tak ing  a longer  time to 

f ind  c o r r e c t  answers on the  r i g h t .  They a l so  made about the same number 

o f  s h i f t s  between answer boxes, and about  a t h i r d  of  t h e i r  eye movement 

s h i f t s  were d i r e c t e d  to the simple f i g u r e .  The dys lex ics  were c e r t a i n l y  

not  d i f f e r e n t  from the  con tro l  c h i l d r e n  in  gross search p a t t e r n s .  In 

l i g h t  of  th e  s i g n i f i c a n t l y  g r e a t e r  number o f  e r ro r s  made by th e  dys lex ic s  

on t h i s  t a s k ,  i t  might have been expected t h a t  they  would have spent  a 

longer  time searching^with  more r e fe r e n c e s  to the  simple f i g u r e .  Although 

the  dys lex ic  c h i ld re n  seemed to  be sea rch ing  as e f f i c i e n t l y  as the con-'
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t r o l s ,  they probably performed l e s s  e f f i c i e n t l y  in r e l a t i o n  to  t h e i r

s k i l l  on t h i s  t a s k .  One p o s s ib le  exp lana t ion  i s  t h a t  the  d y s lex ic

ch i ld ren  were more "impulsive"  than " r e f l e c t i v e "  in t h e i r  performance.

Kagan.(1964) suggested :

a c h i l d  may f e a r  t h a t  the  s i l e n c e  w i l l  be i n t e r p r e t e d  as an i n d i ­
c a t io n  o f  h i s  i n a b i l i t y  to  provide a c o r r e c t  answer immediately,  
and in o rd e r  to  reduce his  t en s io n  he may o f f e r  an answer impul­
s iv e ly  (p. 34) .

Drake (1970) examined the eye movement concomitants o f  im p u l s iv i t y .  

She noted t h a t  impuls ive  c h i ld re n  spend a g r e a t e r  percentage o f  t h e i r  

f ix a t io n s  on the  s tanda rd  and the answer f ig u re s  while performing the  

Matching F a m i l ia r  Figures  Test (MFF). Impulsive ch i ld ren  a l so  co n c e n t r a ­

ted t h e i r  scan w i th in  a sm al le r  p o r t io n  o f  the  stimulus f i g u r e s ,  making 

about o n e - h a l f  as many comparisons between homologous p a r t s .  However, 

they responded f a s t e r  and made more e r r o r s .

Boersma, Muir,  Walton, and Barham (1969) used a s im i la r  dichotomy 

to e s t a b l i s h  a measure o f  a n a l y t i c a l  competence: f i e l d  dependence versus

f i e l d  independence.  While performing an embedded f igures  t a s k ,  f i e l d  

dependent s u b je c t s  made fewer s h i f t s  to  a t a r g e t  and spent l e s s  t ime 

explor ing .

The d y s le x ic  c h i l d r e n ,  in t h i s  s tu d y ,  did not show eye movement 

p a t te rn s  s i m i l a r  t o  the impulsive c h i ld  or  the  f ie ld -dependen t  a d u l t .

I t  seems more l i k e l y  t h a t  a f t e r  sea rch ing  f o r  a s u i t a b le  answer and hav­

ing a p a r t i c u l a r  d i f f i c u l t y ,  the  d y s le x ic  ch i ld re n  chose the b es t  answer 

w ith in  t h e i r  l im i te d  a b i l i t y .  The d y s lex ic  ch i ld ren  of ten  r ep o r te d  t h a t  

they knew t h e i r  answer to  be i n c o r r e c t .  Although they would search 

longer f o r  a c o r r e c t  answer when encouraged by the  exper imenter ,  they



101

could s t i l l  not o f f e r  a c o r r e c t  answer.

As descr ibed  in young ch i ld ren  ( V u r p i l l o t ,  1968),  the scanning 

method of  the  d y s lex ic s  in t h i s  study was a c c u r a t e  but t h e i r  answers 

were not r e l a t e d  to the  information they  c o l l e c t e d .  I t  seems t h a t  t h e i r  

performance was not l im i t e d  by eye movement s t r a t e g i e s ;  in sp i te '  o f  

sampling the  a p p ro p r ia t e  in fo rm at ion ,  they  were no t  ab le  to  c o g n i t iv e ly  

process  i t .

More ex ten s iv e  a n a ly s i s  o f  the  oculomotor  performance was l im i te d  

by the r e s o l u t i o n  accuracy o f  the eye movement da ta  acqu i red  by the 

method employed. The re fo re ,  al though i t  appears  t h a t  the  gross  eye 

movement s t r a t e g i e s  o f  the  d ys lex ic  c h i ld r e n  were the  same as the  con­

t r o l s ,  i t  is  unknown to what s p e c i f i c  f e a t u r e s  they  a t t en d e d .  I t  i s  

p o s s ib le  t h a t  th e  d y s le x ic  c h i ld re n  dwelled on the  i r r e l e v a n t  d e t a i l s  

and ignored those  f e a t u r e s  t h a t  were more in fo rm a t iv e .  More a ccu ra te  

techniques  would be needed to  confirm t h i s  c o n j e c t u r e .  However, wi th in  

the  l i m i t a t i o n s  o f  the  p r e se n t  s tudy ,  th e r e  i s  no i n d i c a t i o n  t h a t  the  

eye movements per  s e ,  i . e . ,  motoric f u n c t io n in g ,  c o n t r ib u t e d  to  the 

performance d e f i c i t s  shown by the  d y s le x ic  c h i l d r e n .

El kind t r i a n g l e . Elkind and Weiss (1967) observed t h a t  second- 

grade r e a d in g - r e t a rd e d  ch i ld re n  p r a c t i c e d  th e  l e f t  to  r i g h t  motor h a b i t s  

o f  reading when scanning a t r i a n g l e  a r r a y .  The d y s le x i c  c h i ld r e n  in  the  

p re se n t  s tudy ,  did no t  show t h i s  c h a r a c t e r i s t i c  read ing  scan more f r e -  

than c o n t r o l s .  (In f a c t ,  two more c o n t r o l s  scanned in t h i s  manner than 

d y s le x i c s ) .  There was some n o n s ig n i f i c a n t  evidence t h a t  the  dys lex ic  

c h i ld re n  were s l i g h t l y  more d isorgan ized  in  t h e i r  scanning s t r a t e g i e s .
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In p a r t ,  t h i s  may be due to t h e i r  d i f f i c u l t y  in a ss ign ing  names to the 

ob jec ts  t h a t  they were asked to remember ( c f .  Denckla and Rude!, 1976).

The age d i f f e r e n c e s  o f  the c h i ld re n  used in t h i s  s tudy and those 

t e s t e d  in El k in d ' s  may account f o r  the  d i s p a r i t y  in r e s u l t s .  El kind 

suggested t h a t  o lde r  reading c h i ld re n  and a d u l t s  gain f a c i l i t y  in system­

a t i c  scanning and th e r e fo r e ,  could choose from a v a r i e t y  o f  exp lo ra t ion  

p a t t e r n s .  I t  i s  poss ib le  t h a t  the  o ld e r  dys lex ic  ch i ld re n  did not need 

to p r a c t i c e  the motor hab i ts  o f  r e a d in g .  Since most o f  these  ch i ld ren  

were reading a t  a t h i r d  grade l e v e l ,  the  motor h ab i t s  have probably been 

e s ta b l i s h e d .

In conc lus ion ,  the d ys lex ic  c h i ld r e n  f a i l e d  to  reveal  a tendency to 

move t h e i r  eyes predominantly to  the  l e f t .  Neither  did they  reveal le ss  

systematic  scanning s t r a t e g i e s  than  the co n t ro ls  which would suggest  a 

primary ro le  o f  eye movements in developmental dys lex ia .  I t  seems more 

p lau s ib le  t h a t  oculomotor b ias  and f a u l t y  search p a t t e r n s ,  when they are 

d isplayed by d y s le x ic s ,  a re  symptomatic o f  a h igher -o rder  d e fe c t  in i n ­

formation process ing .
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Reading

Reading eye movement p a t t e rn s  o f te n  repor ted  to be c h a r a c t e r i s t i c  

of  poor readers  (Rubino & Minden, 1973) were apparen t  in the oculogra-  

phic records o f  the dys lex ic  group in t h i s  s tudy.  Compared to the 

control  c h i ld r e n ,  the eye movements o f  the  dys lex ic  ch i ld re n  showed the 

expected inc rease  in the number o f  f i x a t i o n s  and r e g re s s io n s ,  a narrower 

perceptual  span, and a slower reading speed. However, t h e i r  sweep was 

not l e s s  accu ra te  than normals as in d ic a te d  by th e  comparable number of  

c o r r e c t iv e  eye movements a t  the beginning o f  the l i n e .  The dys lex ics  

jumped ahead o f  the l i n e  more f r e q u e n t ly  than  the  con tro l  ch i ld ren  and 

paused longer  a t  the onse t  o f  a l i n e .  The reading eye movements o f  the 

dys lexic  ch i ld ren  may provide i n s ig h t s  i n to  o th e r  a spec ts  of  t h e i r  i n ­

formation process ing  c a p a b i l i t i e s .

A re se rv a t io n  about the  g e n e r a l i z a t i o n  of  these  r e s u l t s  to  a l l  

dys lexic  ch i ld re n  i s  t h a t  the d i f f e r e n t  d ys lex ic  subgroups may d isp lay  

c h a r a c t e r i s t i c  reading eye movement p a t t e r n s  (P i ro zzo lo ,  1978). Ac­

cording to  P irozzo lo ,  v i su o sp a t ia l  d y s lex ic s  show return-sweep in ac cu r ­

ac ies  and f requent  demonstrations  o f  r i g h t  to  l e f t  scanning. The aud­

i t o r y - l i n g u i s t i c  dys lex ics , .  the  predominant subtype in the p re sen t  s tudy,  

show increased  f ix a t io n s  and r e g re s s io n s ,  in s ta n c e s  o f  sh o r t  reg res s ions  

mixed with forward saccades ,and longer  f i x a t i o n  d u ra t io n s .  The dys lex ic  

ch i ld ren  in the p resen t  study a lso  showed increased  f i x a t i o n s  and r e ­

g re s s io n s ,  but did not show r e tu rn  sweep in a c c u ra c ie s .  To the ex ten t  

t h a t  most o f  the  dys lexics  in t h i s  study were l i n g u i s t i c a l l y  impaired 

r a th e r  than than v i s u o s p a t i a l l y  impaired,  P i ro z z o lo ' s  observat ions  have
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been confirmed by the p resen t  s tudy.

The locus ,  frequency, and dura t ion  o f  a reading f ix a t io n  may be con­

t r o l l e d  by v isua l  (Hochberg, 1970) o r  semantic information ( J u s t  & Car­

p en te r ,  1978). However, i t  i s  o f ten  ques t ioned whether eye movements 

are f l e x i b l e  and adap t ive  to reading m ater ia l  or  are m o to r ica l ly  p re ­

programmed and th u s ,  determined to move in the same manner independent 

of  changes in information (Kolers ,  1978). I t  is  important to  know i f  

the ad d i t io n a l  r e g re s s io n s  and f i x a t i o n s  displayed by inadequate  read e rs ,  

are due to a f a u l t y  motor program, o r  whether they serve some purpose.

The answers to  these  ques tions  may help to evalua te  the v a l i d i t y  o f  eye 

movement reeducat ion  programs f o r  dys lex ic  ch i ld ren .

I t  i s  well-known t h a t  inexper ienced  readers  (Taylor,  1957), poor 

readers,  and even good readers  reading  an un fam il ia r  fore ign  language 

t e s t  (Buswell,  1922),  a l l  show more reg re s s io n s  than the usual 10-15% of  

t o t a l  f i x a t i o n s .  I t  would seem t h a t  an increased  number of reg ress ions  

and f ix a t io n s  a re  needed to a id  comprehension (Pirozzolo & Rayner,  1978). 

I t  may be t h a t  the l e s s  competent read e r  must adapt to the information 

process ing demands by inco rpo ra t ing  sm al le r  packets of  information per 

f ix a t io n a l  pause and thereby,  r e q u i r in g  more f ix a t io n s  to d ig e s t  unfam­

i l i a r  m a te r ia l .  Likewise, r eg re s s io n s  occur when having taken in too 

la rge  a chunk o f  information ,  the  poor reader  re tu rns  his  eyes to  a b s t r a c t  

add i t iona l  information from the  previous  f ix a t io n  pause (S te rn ,  1978).

A cognate phenomenon, well-known to  a p h a s io lo g i s t s ,  i s  t h a t  some 

aphasic ch i ld ren  requ i re  decomposition o f  even a s ing le  s y l l a b l e  in to  i t s  

component phonemes to f a c i l i t a t e  the  lea rn in g  of  speech, e . g . ,  "bat" is
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presen ted  as "b/  a= /  t " .  This process  i s  found to  a s s i s t  in the acqu is -  

t io n  o f  both the  r ec e p t iv e  and ex p re s s iv e  s k i l l s ,  again po in t ing  to  the  

value o f  having the language- impaired c h i ld  deal with smal le r  speech

u n i t s  (G o lds te in ,  1957).

In cons ider ing  the  r e s u l t s  o f  the  f i e l d  of  search  t a s k ,  i t  seems 

lo g ica l  t h a t  dys lex ics  should d i sp la y  more f i x a t i o n s  and r e g re s s io n s .

The most parsimonious exp lana t ion  f o r  t h i s  i s  t h a t  the  dys lex ic  ch i ld ren  

may not be ab le  to process  l a r g e  amounts o f  in formation  and th u s ,  regu­

l a t e  incoming information to  t h e i r  c a p a c i ty .  The span of  information 

processed  by the d ys lex ic  group in one f i x a t i o n  i s  about 2/3 t h a t  o f  

the normal c h i ld re n  ( .43  versus .67 w o r d s / f i x a t io n ) .  A r e s u l t  o f  a 

l im i t e d  word span, and m u l t ip le  f i x a t i o n s  and r e g r e s s i o n s ,  i s  t h a t  r ead ­

ing speed slows down.

The amount o f  in formation  t h a t  can be processed i s  dependent on 

pe r iphera l  v isua l  f i e l d  f a c t o r s  as well as c o g n i t iv e  a s p e c t s .  Hochberg 

(1970) proposed a two-component theory  to  in c o rp o ra te  both per iphera l  

and c o g n i t iv e  f a c to r s  in read ing .  The f i r s t  f a c t o r ,  a per iphera l  search 

guidance opera tes  on low-acu i ty  information  picked up in the per iphery 

which i s  used to d i r e c t  the o p t i c  search system to  where i t  must move 

foveal v i s io n  in order  to r e ce iv e  p o te n t i a l  in fo rm at ion .  The second 

f a c t o r ,  cog n i t iv e  search guidance,  u t i l i z e s  knowledge about where the 

observer  has been so f a r ,  which guides him to  where he should go next .  

Cognit ive search guidance i s  more e f f i c i e n t  in  the  experienced reader .

The good reader  has s t rong  guessing ten d en c ie s ;  given a few cues he wil l  

guess a word or a phrase to  complete a sen tence .  He has c e r t a i n  expec-
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t a t i o n s  o f  the  visual  f e a t u r e s  and h.is perceptual  span w il l  increase  

with f a m i l i a r i t y  with the  m a t e r i a l .

The d isab led  reader  may have d i f f i c u l t y  a t  any o f  the  above s tage s .  

For example, the  d ys lex ic  c h i ld r e n  may have l im i te d  p e r ip h e ra l  proces­

sing c a p a b i l i t i e s  as r e f l e c t e d  in  t h e i r  sm al le r  perceptua l  span. This 

c o n s t r i c t i o n  was hypothesized p re v io u s ly  in r e l a t i o n  to the  prolonged 

l a t e n c i e s  of  d ys lex ic  c h i ld r e n  on the  f i e l d  of  search  t a s k s .  F isher  

(1976) suggested t h a t  the  inexper ienced  r e a d e r ,  because o f  h is  i n a b i l i t y  

to  use p e r iphera l  cues ,  f u n c t i o n a l l y  d i sp lay s  "tunnel v i s io n  reading" .  

P oss ib ly ,  the  d ys lex ic  c h i ld re n  have l im i ted  use of  t h e i r  per iphery  be­

cause o f  an overload o f  p e r ip h e ra l  in fo rm at ion ;  t h e i r  u n f a m i l i a r i t y  with 

reading m a t e r i a l ,  which t r a n s l a t e s  i n to  an in c rea se  in informational  

co n te n t ,  may r e s t r i c t  t h e i r  r egard  to the  pa racen t ra l  reg ion  of  the  s tim­

ulus f i e l d .  Since the  d y s lex ic  c h i ld r e n  a l so  showed d i f f i c u l t y  on the 

f i e l d  o f  search ta sks  where the  information  load was h ig h e r ,  i t  seems 

p l a u s i b l e  t h a t  the d y s le x ic  c h i l d  o p e ra te s  with a l i m i t a t i o n  o f  channel 

cap ac i ty  r e l a t i v e  to the normal c h i l d r e n ,  and acco rd in g ly ,  t h e i r  s p a t i a l  

span i s  r e s t r i c t e d .  The d y s le x ic  c h i l d r e n ,  r e ly in g  heav i ly  on fovea! 

in p u t ,  r e q u i re  more f i x a t i o n s  with perhaps l e s s  information  in  r e tu rn .

The co g n i t iv e  search guidance o f  dys lex ic  c h i ld re n  may a l so  be im­

pa i red .  According to Rayner and McConkie (Rayner,  1977), f i x a t i o n  dura­

t io n s  a re  a f f e c te d  by the  c o g n i t i v e  processes  occur r ing  dur ing the f i x a ­

t i o n .  Obviously, i f  the d y s lex ic  c h i ld  could not decode a word or  s e l e c t ­

iv e ly  sample the  p e r t i n e n t  in form at ion  requ ired  to do so ,  more f requen t  

o r  longer  f ix a t io n s  would be expected.  An analogous d i f f i c u l t y  was pos t-
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u la ted  f o r  the d y s lex ic  c h i l d r e n ' s  performance on the  f i e l d  o f  search 

ta sk .  ^

The d ys lex ic  c h i ld r e n  dwelled longer  than normals a t  the  beginning 

of  a l i n e  o f  t e x t  befo re  proceeding to scan.  Hochberg (1970) proposed 

t h a t  the  f i r s t  l e t t e r  o f  a word probably c a r r i e s  the  most information 

and t h e r e f o r e ,  the  r e a d e r  would tend to  look longer  a t  o r  near a l e t t e r  

t h a t  immediately followed a blank space.  The i n i t i a l  word o f  a l i n e  

probably a l so  c a r r i e s  more information than a l a t e r  word, in p a r t ,  be­

cause i t  begins with a l a r g e r  l e t t e r .  The re fo re ,  the dys lex ic  c h i ld  

may dwell a t  t h i s  p o in t  because of  the  a d d i t io n a l  leng th  o f  t ime needed 

to  process  more in fo rm a t io n .  Another p o s s i b i l i t y ,  as G i lb e r t  (1959) 

sugges ted ,  is  t h a t  slow readers  r e q u i re  more time to  s t a b i l i z e  t h e i r  

f i x a t i o n s  to  a p o in t  o f  maximum e f f i c i e n c y .  Although t h i s  s t a b i l i z a t i o n  

i s  not apparen t  in  the  number o f  c o r r e c t iv e  movements a t  the s t a r t  o f  the  

l i n e ,  i t  may be r e f l e c t e d  in  the  amount o f  t ime the d ys lex ic  c h i ld  needs 

to s t a b i l i z e  a f t e r  the  r e t u r n  sweep and before  proceeding to scan the 

reading m a t e r i a l .  I t  i s  a l so  poss ib le  t h a t  the  longer  i n i t i a l  f i x a t i o n  

may be sugges t ive  o f  o v e ra l l  longer  f i x a t i o n  d u r a t io n s ;  however, t h i s  was 

not d i r e c t l y  measured.

The word span measured fo r  normal and d y s lex ic  c h i ld re n  in t h i s  

study were co n s id e rab ly  s m a l le r  than t h a t  t y p i c a l l y  r epo r ted  in the l i t ­

e r a t u r e .  For example, th e  word span fo r  6th or  7th graders  i s  repo r ted  

to be about .8 words pe r  f i x a t i o n  (Taylor ,  1965); in t h i s  s tudy ,  the  

word span was .67 words per  f i x a t i o n  fo r  normal c h i ld r e n .  The s h o r t e r  

span found in t h i s  s tudy  can be explained by the  d i s p a r i t y  in the angle
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subtended by the  p ro je c te d  t e x t  in t h i s  s tudy ,  w ith  th o se  o f te n  repor ted  

using read ing  machines. Also, the  word span in t h i s  s tu d y ,  was based 

on a mean o f  many g rade- leve l  t e x t s .  The word span did no t  vary in a 

p r e d i c t a b l e  fash ion  with the d i f f i c u l t y  o f  the m a t e r i a l .  There is  some 

q u a l i t a t i v e  evidence t h a t  as complexity in c r e a se d ,  word span decreased.  

However, s in c e  only one l i n e  o f  t e x t  was sampled a t  each grade l e v e l ,  i t  

i s  d i f f i c u l t  to a sse s s  the r e l a t i o n s h i p  of  t e x t  complexi ty  to eye move­

ment measures c o n c lu s iv e ly .  Never the less ,  both groups d id  take  a pro­

p o r t i o n a t e l y  longer  t ime to read the more complicated m a te r ia l  as would 

be expected in a s t imulus  con tro l  model o f  eye movements, but not  in a 

motoric  preprogramming model.

In summary, the  read ing  p a t t e rn s  d isp layed  by th e  d y s lex ic  ch i ld re n  

in t h i s  s tu d y ,  appear to  r e f l e c t  a dysfunct ion in  th e  p ro cess in g  of  read ­

ing m ate r ia l  r a t h e r  than  an abnormal preprogram o f  motor ic  fu n c t io n .  

Fur thermore,  d e f i c i t s  in  reading performance seen in  the  d y s lex ic  group 

were p a r a l l e l e d  by d is tu rb a n c e s  in  performances o f  "non-verbal"  t a sk s .

In both verbal and non-verbal  t a sk  performance, t h e r e  i s  an ev id en t  

breakdown in the c a p a c i ty  of  the  dys lex ic  c h i ld re n  to  f u l l y  u t i l i z e  

r e q u i s i t e  l e f t  hemisphere s k i l l s  in the a n a l y t i c a l  p rocess ing  of  information. 

The inadequate  use o f  p e r ip h e ra l  information in c o g n i t i v e  p rocess ing  is  

a l so  apparen t  in both types o f  t a sk s .  A more p r e c i s e  c h a r a c t e r i z a t i o n  of 

l e f t  hemisphere involvement ,  s p e c i f i c a l l y  with regard  to  language fu n c t io n ,  

may be provided by examining the  d i f f e r e n c e s  in scanning s t r a t e g i e s  employed 

by a r t ic u la to ry -g rap h o m o to r  and language-disordered  d y s le x ic s  on verbal 

as  well as non-verbal  t a s k s .
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Summary

Dyslexic ch i ld re n  perform comparably to  c o n t ro l s  on a v a r i e t y  of 

r e p r e s e n t a t i v e  v i s u a l - s p a t i a l  t a sk s .  However, th e r e  a re  some s p e c i f i c  

v i su o p e rcep t iv e  ta sks  with which they do have d i f f i c u l t y ,  and i t  is  these 

p a r t i c u l a r  ta sks  t h a t  a re  a l so  poorly  performed by a d u l t  aphas ics .  Such 

s e l e c t i v e  v isuoperceptual  impairment in a d u l t  aphas ics  has been explained 

iby the  p o s s i b i l i t y  t h a t  a l e f t  hemisphere d e f i c i t  may i n t e r f e r e  with the 

performance of  those tasks  which are  merely " co v e r t ly  verbal"  in na tu re .

A s im i l a r  exp lanat ion  may account  fo r  the r e s u l t s  found f o r  the dys lex ic  

c h i ld re n  in t h i s  s tudy.

Two p o s s ib le  mechanisms have been discussed concerning the ro le  of 

l e f t  hemisphere funct ion  in the performance of  "non-verbal"  t a sks :

1. Subvocal language may mediate in the  performance of  c e r t a in  complex 

v isuopercep tua l  t a sk s .  For example, verbal coding appears  to be required 

fo r  some v isuopercep t ive  p rocess ing ,  and th e r e f o r e ,  a l i n g u i s t i c  de fec t

may l i m i t  the  ap p ro p r ia te  names t h a t  a re  a v a i l a b l e  f o r  coding. I t  may also 

l i m i t  the  s p e c i f i c i t y  and the exclus iveness  of  the code.

2. Left  hemisphere dysfunct ion may i n t e r f e r e  with the app ropr ia te  

o rg an iz a t io n  or  s e le c t io n  of  m a te r i a l ,  . l i n g u i s t i c  of  n o n - l i n g u i s t i c  in 

n a tu re .  S er ia l  f e a tu re  a n a ly s i s ,  including the a b i l i t y  to d e te c t  and 

r e so lv e  d i f f e r e n t i a t i n g  f e a tu re s  and to s e l e c t i v e l y  sample a d isp lay  

fo r  r e l e v a n t  information ,  may be l im i ted  by a language impairment.

The i n a b i l i t y  to  f i l t e r  and c a teg o r ize  new information r e s u l t s  in
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a d isconnect ion  of  r e l a t e d  information .  This in tu r n ,  l i m i t s  the 

cap ac i ty  to  s to r e  and/or  r e t r i e v e  such information.  With l im i ted  

a b i l i t y  to  s e l e c t  and organize m a t e r i a l ,  the  e f f e c t i v e  channel capac i ty  

o f  the organism i s  reduced and l e s s  information can be proper ly  processed.

This suggests  t h a t  the n e g le c t ,  or inadequate use of pe r iphera l  v isual

f i e l d  information,may provide an adap t ive  mechanism fo r  reducing informational

load.

Another po in t  t h a t  has been revealed  in the p resen t  study i s  t h a t  

the  performance o f  the dys lex ic  ch i ld re n  on non-verbal ta sks  did not 

seem to be r e s t r i c t e d  by t h e i r  eye movement s t r a t e g i e s ,  e i t h e r  by the 

e f f i c i e n c y  or l a t e r a l i t y  of  t h e i r  scan.  I t  i s  suggested t h a t  d i f f e r e n c e s  

in scanning, when they do occur ,  a re  r e f l e c t i v e  of  a l t e r a t i o n s  in c ogn i t ive  

processing mechanisms and a re  not n e c e s s a r i l y  d i s r u p t i v e .  For example, 

the  reading eye movements of  the  d ys lex ic  c h i ld r e n ,  marked by m u l t ip le  

r e g re s s io n s  and f i x a t i o n s ,  a re  adap t ive  in the sense t h a t  a smalle r  chunk 

of  information w il l  be sampled per  pause.

Therefore ,  i t  seems t h a t  in both verbal and non-verbal t a sk  performance, 

dys lex ic  ch i ld re n  show a breakdown in the  c ap ac i ty  to u t i l i z e  a n a l y t i c a l ,  

l e f t  hemisphere to o l s  in process ing  information.  I t  i s  suggested t h a t  

the  g r e a t e r  the  informational  load and the  demand fo r  the use of  l i n g u i s t i c  

s k i l l s ,  th e  l a r g e r  wil l  be the d i f f e r e n c e s  between the two groups.
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APPENDIX A 

P i l o t  Study

The purpose o f  the  p i l o t  study was to  s e l e c t  a r e p re s e n ta t i v e  b a t ­

t e r y  of  v i su o s p a t i a l  ta sk s  t h a t  could d i s t i n g u i s h  a read ing -d isab led  

group from a normal con t ro l  group on the b a s is  of  performance, and t h a t  

were p a r t i c u l a r l y  amenable to  eye movement record ings .

Subjects

The sample o f  r e a d in g -d i s a b le d  c h i ld r e n  co n s is te d  of  23 boys who 

were reading a t  l e a s t  two years  below grade level  on the S tanford Read­

ing Achievement Test  (SRA) (a group adm in is te red  exam), and whose SRA 

IQ was over 90. In a d d i t i o n ,  the  c h i ld re n  were to  be about two years  

below grade level reading  in c l a s s  and o f  normal i n t e l l i g e n c e  as judged 

by the t each e rs .

The contro l  group was 23 normal reade rs  o f  average i n t e l l i g e n c e  as 

ra ted  by the  SRA and by t e a c h e r ' s  e v a lu a t io n .  The ch i ld ren  were reading 

on grade level  or  above. Where p o s s i b l e ,  the con tro l  ch i ld ren  were 

drawn from the same c la s se s  as the  r e a d in g -d i s ab led  ch i ld re n .  The c h i l ­

dren in  both groups were r igh t -handed .  The age range was 8 to 12 years  

with a mean age of  10.1 fo r  the r e a d in g -d i s ab le d  group, and 10.2 f o r  the 

con tro l  group.

Method and M ate r ia ls

Eleven v i su o s p a t i a l  ta sk s  were adm in is te red  to the r ead ing -d isab led  

and cbntroT groups,  inc lud ing :
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S t r e e t  Completion Test ( S t r e e t ,  1931). The c h i ld re n  were asked to 

i d e n t i f y  13 p i c tu re s  w i th in  a one minute time l i m i t  per  f ig u re  (see 

Figure  A). The number o f  c o r r e c t  i d e n t i f i c a t i o n s  was t a b u la te d  fo r  each 

c h i l d .

Go!Tin Incomplete Figures  (G o l l in ,  1960). Two s e r i e s  o f  f iv e  i n ­

c r e a s in g ly  complete ve rs ions  o f  a f ig u r e  were p resen ted  (see Figure B). 

Each card was p resen ted  fo r  th re e  seconds.  The c h i ld  was asked to  iden­

t i f y  the  f ig u re  as qu ick ly  as p o s s ib le .  The card number (1 to  5) a t  

which the c h i ld  was ab le  to  i d e n t i f y  the  f i g u r e  in each s e r i e s  was d e t e r ­

mined, and the mean score  f o r  the  two s e r i e s  f o r  each c h i ld  was recorded.

C i r c l e - s i z e  matching (see Figure C). The c h i ld re n  were asked to 

l o c a te  the c i r c l e  t h a t  was the  same s i z e  as the  s tandard  c i r c l e  (top cen­

t e r ) .  Two f ig u re s  were presen ted  and the  number o f  c o r r e c t  answers f o r  

each ch i ld  was scored .

Fie ld  of  s e a r c h . The ch i ld ren  were r eq u i red  to  l o c a t e  a f ig u re  in

the  a r ray  t h a t  matched the c en t r a l  s tanda rd .  Two f ig u re s  with 20 in the

a r ra y  (see Figure D) and two with 100 in  the  a r r a y  (see Figure E) were 

p resen ted .  The time taken to po in t  to  the match was recorded.

Elkind t r i a n g l e  (El kind & Weiss,  1967), The boys were to ld  to  exa­

mine the  ar ray  p resen ted  in Figure F and to  name a l l  th e  p i c tu re s  aloud.  

The path t h a t  was followed during the  naming was recorded ,  e . g . ,  t r i a n g u ­

l a r  versus a " reading" l e f t - t o - r i g h t  scan.

Ghent Overlapping Figures (Ghent,  1956). Four f ig u re s  composed o f

a t o t a l  of  15 superimposed o u t l i n e s  o f  common o b je c t s  were presented (see

Figure G). Thd c h i ld re n  were asked to  name a l l  the over lapping  p i c tu r e s .  

The number o f  c o r r e c t  responses was scored .
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Valcuikas  Overlapping Figures (Valcuikas ,  L i l l i s ,  Wolff,  & Anderson’, 1578). 

Four f ig u re s  composed of  a t o t a l  of  40 over lapping  o u t l i n e s  o f  common 

ob jec ts  were p resen ted  (see Figure H). The i n s t r u c t i o n s  and s co r in g  were 

the same as f o r  the Ghent. One minute time l i m i t  f o r  each f ig u r e  was 

enforced.

Ghent Embedded Figures (Ghent,  1956). The ch i ld re n  were asked to 

f ind  a simple f i g u r e  hidden in  a more complex one below i t  as shown in 

Figure I ,  and to  o u t l i n e  i t .  The number o f  c o r r e c t  answers w i th in  a 

one minute time l i m i t ,  out o f  a t o t a l  of  s ix  f i g u r e s ,  was t a b u la t e d .

Valcuikas  Embedded Figures (Valcuikas ,  personal  communication).

The ch i ld re n  were requ i red  to lo ca te  and o u t l i n e  a simple f ig u r e  hidden

in one o f  four  choice  answer boxes as shown in Figure J .  Ten d i f f e r e n t
\

f igures  were p re se n ted .  The number of  c o r r e c t  lo c a t io n s  w i th in  a one 

minute time l i m i t  was scored .

Upright f a c e s . The task  was to f ind  the photograph from nine 

choices t h a t  matched the  s tandard  ( to p -c e n te r )  as shown in Figure K.

Two f ig u re s  were p resen ted  and the number o f  c o r r e c t  responses were 

scored fo r  each c h i l d .

Inver t e d f a c e s . Each ch i ld  was requ ired  to  match a s tandard  ( top -  

cen te r )  o f  an u p r ig h t  face from a choice o f  s ix  r o ta te d  photgraphs (see 

Figure L). Two f ig u r e s  were p resen ted .

Results

As shown in Table A, the  only v i su o sp a t ia l  ta sks  on which the  r ead ­

ing-d isab led  group performed s i g n i f i c a n t l y  worse than c o n t r o l s ,  were the  

Ghent and the Valcuikas  Embedded Figures Tasks, t_(44) = -3 .4 5 ,  _p<.001;
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t_(44)=-3.36, j k .OOI, r e s p e c t i v e l y .  Although the reading d i sab led  group 

showed a t r i a n g u l a r  scan more o f te n  than the  c o n t r o l s ,  th e r e  were no 

s i g n i f i c a n t  d i f f e r e n c e s  between groups in the scanning o f  the  El kind 

t r i a n g l e  as shown in  Table B.



115

Table A

P i l o t  Study: Performance on V isuospa t ia l  Tasks

Tasks
Readi ng - 
Disabled
M SD

Controls  
M SD

t a
d f  = 44

Eb

S t r e e t  Closure 
(number c o r r e c t )  

N = 13
8.48 •1.62 9.09 2.45 - .57 n . s .

Gol l in  Closure 
(card no. i d e n t i f i e d  
a t )  N = 5

2.89 .71 2.69 .76 .90 n . s .

C i r c l e - s i z e  matching 
(number c o r r e c t )

N = 2
1.22 .85 1.48 .73 - .42 n . s .

F ie ld  of  Search 
(20 o b je c t s ) 4.17 1.75 3.83 2.85 .50 n . s .

Time ( s e c . )
(100 o b je c t s ) 6.91 4.89 5.37 3.54 1.23 n . s .

Ghent Overlapping 
f i g u r e s  (number 
c o r r e c t l y  named)

N = 16
15.74 .69 15.65 .78 .60 n . s .

Valcuikas Overlapping 
f i g u r e s  (number 
c o r r e c t l y  named)

N = 40
28.52 3.69 30.26 16.20 -1.45 n . s .

Ghent EFT 
(number c o r r e c t )  

N = 6
4.30 .93 5.17 .78 . -3 .45 <.001

Valcuikas EFT 
(number c o r r e c t )  

N = 10
6.22 1.54 7.78 1.62 -3 .36 <.001

Upright faces  
(number c o r r e c t )  

N = 2
1.78 .52 1.91 .29 -1 .05 n . s .

Reversed faces  
(number c o r r e c t )  

N = 2
1.39 .65 1.43 .66 -  .22 n . s .

i n d e p e n d e n t  t_ t e s t

btw o - ta i l e d  t e s t
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T a b le  B

Scanning of the El kind Tr iang le

Scanning
Pa t te rn

Reading-
Disabled

percent

Contro ls0

percent

za £ b

Reading Scan 9 22 1.22 .22

Tr iangu la r 91 78 1.24 .22

Clockwise 26 9 1.52 .12

Counterclockwi se 65 69 .29 .78

a t e s t  f o r  d i f f e r e n c e s  in frequency 

^ tw o- ta i led  t e s t s  

cn = 23
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Figure A. Examples o f the S treet Completion Test.
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Figure B. One s e t  o f the Gollin Incomplete Figures t e s t .
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Figure C. C irc le -s ize  matching te s t
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Figure D. An example of a f ie ld  o f search with 20 figures in the 

array.
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Figure E. Field of search with 100 elements in the array.
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Figure F. The El kind tr ian g le
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Figure G. An example o f  the Ghent 
Overlapping Figures.

Figure H. An example o f  the Valcuikas 
Overlapping Figures.



Figure I. A Ghent Embedded Figure

ZV\
/

Figure J. An example of the Modified 
Valcuikas Embedded Figures.
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Figure K. Upright faces matching t e s t .
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Figure L. Inver ted  faces  matching t e s t .
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APPENDIX B

A ddit ional  Tasks Employed f o r  Analysis  o f  Eye Movements

Figure M. Figure used f o r  c a l i b r a t i o n  o f  eye movements.



Figure  N. F ie ld  o f  search :  B u t t e r f l y  32.
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Figure 0. Field of search: Butterfly 64.
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Figure P. F ie ld  o f  sea rch :  ¥ 32.

Figure Q. Field of search: Butterfly 32 T.
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Figure  R. F ie ld  o f  sea rch :  B u t t e r f l y  64 T.

Figure S. Field of search: ¥ T.
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We can p lay  b a l l  he re .

Three k i t t e n s  were t h e r e .  

None o f  them won th e  p r i z e .  

He faces  r ea l  dangers a lone .

When th e  g i r l  looked she had a b ig  s u r p r i s e .  

P r ic e  tag s  were f a s t e n e d  to  a l l  a r t i c l e s .  

Chemicals in  many s treams p e n e t r a t e  rocks .

A c o n s t i t u t i o n  was prepared and submit ted .

Figure T. Reading m a t e r i a l :  S u b te s t  I ( top)  and 
S u b te s t  I I  (bottom).
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APPENDIX C

Graphic Representa t ions  of  Visual Scanning P a t te rn s

3 ;

Figure U. Eye f i x a t i o n s  o f  a dys lex ic  chiTd (D.K.) 
during the  c a l i b r a t i o n  procedure.



 .._
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V> RT- ( d o w n  I

P O S IT IO N 1

LEFT t 
R IG H T |

HORIZ.I

VERT.
VELOCITY

OR IZ.
  »yv

Figure V. Eye movement polygraph t r a c e  induced by the c a l i b r a t i o n  p a t t e rn  (Dyslexic c h i l d ,  D.K.).  The DC 
coupled recordings  (upper t r a c e )  were used to  c a l i b r a t e  p o s i t i o n ,  so t h a t  a d e f l e c t io n  in mm. 
could be equated to  a s p e c i f i c  subtended v isua l  angle f o r  each c h i l d .  Measurements of  t ime,  i . e . ,  
search time,  l a t en c y ,  e t c . ,  could a l so  be a s c e r t a in e d .  The RC coupled recordings  (lower t ra c e s )  
were used to  e l im in a te  high v e lo c i ty  a r t i f a c t s ,  and as a check fo r  change in eye p o s i t i o n .



133

A.

B.

.ft

C.

i ft
Figure W. Visual search p a t t e rn s  o f  the  y T a r ra y  (A) 

by a dys lex ic  (B) and contro l  ch i ld  (C).
The s in g l e  arrows a re  the  coord ina tes  f o r  the 
? t a r g e t  and the  double arrows r e p re s e n t  the  
p o s i t io n  o f  the  c en t r a l  s tandard ( v ) .
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Figure X. Polygraph t r a c e  o f  a control  c h i ld  (A) and a dys lex ic  ch i ld  (B) during reading ( s u b t e s t  I I ) .  Note the
s i g n i f i c a n t l y  longer  reading t ime,  and the  g r e a t e r  number o f  f ix a t io n s  and lef tward eve movements
in the  record o f  the  dys lex ic  c h i ld  (B.A.) than the  normal reader  (E.D.) .



Figure Y Examples o f  a "reading" (B) and a t r i a n g u l a r  (C) v isual  scan 
o f  the  El kind t r i a n g l e  (A). The "reading" scan i s  by a normal 
rea d e r  CW.F.) while  the  t r i a n g u l a r  scan i s  by a dys lex ic  c h i ld
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